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Executive Summary 

Disclaimer: Data and information presented in this report were compiled prior to the major 

flooding on the Missouri River in 2011; determination of resource condition did not take into 

account the effects of this flooding event. 

As a unit in the National Park Servie (NPS), Missouri National Recreational River (MNRR) is 

responsible for the management and conservation of natural resources within its boundaries. This 

mandate is supported by the National Park Service Organic Act of 1916, which directs the NPS 

to:  

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

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

them unimpaired for the enjoyment of future generations. 

In 2003, NPS Water Resources Division received funding through the Natural Resource 

Challenge Program to systematically assess watershed resource conditions in NPS units, 

establishing the Watershed Condition Assessment Program. This program, now titled the Natural 

Resource Condition Assessment (NRCA) Program, aims to provide documentation about the 

current conditions of important park resources through a spatially explicit, multi-disciplinary 

synthesis of existing scientific data and knowledge. Findings from the NRCA, including the 

report and accompanying map products, will help MNRR managers to: 

¶ develop near-term management priorities, 

¶ engage in watershed or landscape scale partnership and education efforts, 

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

¶ report program performance (e.g., Department of the Interiorôs Strategic Plan ñland 

healthò goals, Government Performance and Results Act). 

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

For the purpose of this NRCA, NPS staff identified key resources that are referred to as 

ñcomponentsò in the project framework and throughout the assessment. The components selected 

include natural resources and processes that are currently of the greatest concern to park 

management at MNRR. The final project framework contains nine resource components, along 

with measures, stressors, and reference conditions for each. 

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

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

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

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

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

comprehensive summary of available information regarding the current condition of these 

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

unpublished park information and, most importantly, the perspectives of park experts.  
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Nearly every component in MNRR is affected by the altered flow regime from the post-dam 

Missouri River and, with that, the conditions of most park resources (as indicated by the 

measures defined in the project framework) are of moderate or significant concern. These 

condition designations are largely a product of the ñpre-damò reference condition assigned to 

nearly every MNRR component. When comparing the current condition of a resource that has 

been drastically altered by damming to its pre-dam condition, it is almost always worse off 

today. However, while the Missouri River ecosystem has endured large changes since dam 

construction, there are several individual components that are recovering and doing well with the 

given circumstances. Differing uses and interests of the Missouri River (e.g., preservation, 

recreation, electricity generation, navigation, etc.) further complicate MNRRôs ability to restore 

the Missouri River to its pre-dam condition. However, several components ( e.g., flow regime, 

aquatic and terrestrial habitats, erosional and depositional processes) are drivers of the entire 

ecosystem, and restoration of these components would have a cascading effect on the entire 

ecosystem. Overall, the Missouri River ecosystem is complex and while several components are 

considered to be of moderate or significant concern, their actual condition (when considering the 

the condition of the Missouri River ecosystem) is often times of lower concern. 
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Chapter 1 NRCA Background Information 
Natural Resource Condition Assessments (NRCAs) evaluate current conditions for a subset of 

natural resources and resource components in national park units, hereafter 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 components emphasized in the project work 

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

identifying high-priority components 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 components. 

 

NRCAs represent a relatively new approach to assessing and reporting on park resource 

conditions. They are meant to complement, not replace, traditional-issue and threat-based 

resource assessments. As distinguishing 

characteristics, all NRCAs: 

 

¶ are multi-disciplinary in scope
1
  

¶ employ hierarchical component 

frameworks
2
 

¶ identify or develop logical reference  

conditions/values to compare current 

condition data against
3,4

 

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

¶ summarize key findings by park areas
6
 

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

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 components where the 

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

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

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

                                                 
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 
components 

Useful condition summaries by 
broader resource categories or 

topics, and by park areas 
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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 component where current condition or trend is reported it is important to identify critical 

data gaps and describe level of confidence in at least qualitative terms. Involvement of park staff 

and NPS subject matter experts at critical points during the project timeline is also important: 1) 

to assist selection of study components; 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 Vital 

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

current conditions for those same Vital Signs. In some cases, NPS inventory 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 components. 

Decisions about 

management targets must 

be made through sanctioned park planning and management processes. NRCAs do provide 

science-based information that will help park managers with an ongoing, longer term effort to 

describe and quantify a parkôs desired resource conditions and management targets. In the near 

Important NRCA Success Factors é 

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 ]  components ]  broader resource topics 
and park areas) 

Building credibility by clearly documenting the data 
and methods used, critical data gaps, and level of 
confidence for component-level condition findings 
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term, NRCA findings assist strategic park resource planning
7
 and help parks to report 

government accountability measures
8
. 

 

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

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

typically involve an informal synthesis of scientific data and information from multiple and 

diverse sources. Level of rigor and statistical repeatability will vary by resource or component, 

reflecting differences in our present data and knowledge bases across these varied study 

components.  

 

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

greatest value may be the documentation of 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 

                                                 
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) 



 

4 

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

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

2.1 Introduction 

2.1.1 Enabling Legislation 

MNRR was established by two acts of Congress which amended the Wild and Scenic Rivers Act 

of 1968. The first act (1978) created the 59-mile reach (also referred to as the Gavins Point 

Segment) from Gavins Point Dam to Ponca State Park, NE. The second act (1991) established a 

39-mile reach (also referred to as the Fort Randall Segment) from Fort Randall Dam to Running 

Water, SD, 32 km (20 mi) of the lower Niobrara River, and 13km (8 mi) of Verdigre Creek (NPS 

2011a). Public Law 95-625, passed on 10 November, 1978, states: 

MISSOURI RIVER, NEBRASKA, SOUTH DAKOTA. The segment from 

Gavins Point Dam, South Dakota, 95 km (59 mi) downstream to Ponca State 

Park, Nebraska, as generally depicted in the document entitled ñReview Report 

for Water Resources Development, South Dakota, Nebraska, North Dakota, 

Montanaò, prepared by the Division Engineer, Missouri River Division, Corps of 

Engineers, dated August 1977 (hereinafter in this paragraph referred to as the 

ñAugust 1977 Reportò). Such segment shall be administered as a recreational 

river by the Secretary. The Secretary shall enter into a written cooperative 

agreement with the Secretary of the Army (acting through the Chief of Engineers) 

for construction and maintenance of bank stabilization work and appropriate 

recreational development. 

Public Law 102-50, which established the 39-mile MNRR stretch in 1991, states: 

Niobrara, Nebraska. (A) The 40-mile segment from Borman Bridge southeast of 

Valentine downstream to its confluence with Chimney Creek and the 30-mile 

segment from the riverôs confluence with Rock Creek downstream to the State 

Highway 137 bridge, both segments to be classified as scenic and administered by 

the Secretary of the Interior. That portion of the 40-mile segment designated by 

this subparagraph located within the Fort Niobrara National Wildlife Refuge shall 

continue to be managed by the Secretary through the Director of the United States 

Fish and Wildlife Service (USFWS). 

(B) The 25-mile segment from the western boundary of Knox County to its 

confluence with the Missouri River, including that segment of the Verdigre Creek 

from the north municipal boundary of Verdigre, Nebraska, to its confluence with 

the Niobrara, to be administered by the Secretary of the Interior as a recreational 

river. 

MISSOURI RIVER, NEBRASKA AND SOUTH DAKOTA. The 39-mile 

segment from the headwaters of Lewis and Clark Lake to the Ft. Randall Dam, to 

be administered by the Secretary of the Interior as a recreational river. 
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2.1.2 Geographic Setting 

MNRR encompasses 27,973 ha (69,123 ac). The western reach includes a 32-kilometer stretch of 

the Niobrara River and eight miles of Verdigre Creek (Weeks et al. 2005). MNRR is unique in 

that the NPS only owns a small portion of land within the park (less than 1% of the total land 

area); the majority of MNRR is owned by federal, state, tribal, and local jurisdictions as well as 

private landowners. Other well-known natural areas within MNRR include Niobrara, Ponca, 

Randall Creek, and Spirit Mounds State Parks, U.S. Army Corps of Engineers (USACE) 

properties, and the Karl Mundt National Wildlife Refuge (NPS 1999).  

MNRRôs climate is characterized by hot and humid summers, mild to very cold winters with 

rain, sleet, and snow, and moderate spring and autumn seasons (NPS 2011b). Table 1 contains 

temperature and precipitation averages between 1971 and 2000. 

Table 1. Monthly temperature and precipitation normals (1971-2000) for MNRR (US DOC 2002). 
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Average Temperature (F) 

           Max -1.9 1.6 7.8 15.7 22.4 27.9 30.7 29.5 24.9 17.7 7.1 0.0 15.3 

Min -13.6 -10.2 -4.5 1.4 7.8 13.6 16.4 15.3 9.6 3.2 -4.3 -11.2 2.0 

Average Precipitation (cm)  

       Total  1.09 1.34 4.49 6.37 9.82 9.93 8.53 7.44 5.51 4.69 3.17 1.29 63.72 

2.1.3 Visitation Statistics 

MNRR averaged 128,972 visitors per year between 2004 and 2009, with the majority of 

visitation occurring during summer months (NPS 2011c). Popular visitor activities at MNRR 

include canoeing, boating, fishing, and wildlife viewing. Hunting and trapping are also permitted 

within MNRR (NPS 2009). 

2.2 Natural Resources 

2.2.1 Ecological Units and Watersheds 

The Environmental Protection Agency (EPA) classifies the United States into different ecoregion 

levels. MNRR lies within three level III ecoregions: Northwestern Glaciated Plains, Northern 

Glaciated Plains, and Western Corn Belt Plains. Bryce et al. (1998) describe the Northwestern 

Glaciated Plains ecoregion as 

The Northwestern Glaciated Plains ecoregion marks the westernmost extent of 

continental glaciation. The youthful morainal landscape has significant surface 

irregularity and high concentrations of wetlands. The rise in elevation along the 

eastern boundary defines the beginning of the Great Plains. Land use is 

transitional between the intensive dryland farming on Ecoregion 46i to the east 

and the predominance of cattle ranching and farming to the west on the 

Northwestern Great Plains. 

Bryce et al. (1998) describes the Northern Glaciated Plains ecoregion as 
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The Northern Glaciated Plains ecoregion is characterized by a flat to gently 

rolling landscape composed of glacial drift. The subhumid conditions foster a 

grassland transitional between the tall and shortgrass prairie. High concentrations 

of temporary and seasonal wetlands create favorable conditions for duck nesting 

and migration. Though the till soil is very fertile, agricultural success is subject to 

annual climatic fluctuations. 

Bryce et al. (1998) describes Western Corn Belt Plains ecoregion as 

The high agricultural productivity of the Western Corn Belt Plains ecoregion is 

due to its fertile soil, temperate climate, and adequate precipitation during the 

growing season. This ecoregion has a relatively homogeneous topography of level 

to gently rolling glacial till plains with areas of morainal hills and loess deposits. 

The original tallgrass prairie vegetation has been converted to intensive rowcrop 

agriculture of corn, soybeans, and feed grains to support livestock production. 

Level III ecoregions are further classified into smaller level IV ecoregions. MNRR lies within 

five level IV ecoregions: Southern River Breaks, Holt Tablelands, James River Lowland, 

Missouri Alluvial Plain, and Northeastern Nebraska Loess Hills. Bryce et al. (1998) describe the 

Southern River Breaks ecoregion as 

The Southern River Breaks reflect the more temperate conditions of the southern 

glaciated plains. Here the draws and northern aspects are heavily wooded with 

deciduous forest, in contrast to the River Breaks north of the Big Bend of the 

Missouri where the riparian woodland forms narrow stringers of juniper and green 

ash.  

Bryce et al. (1998) describe the Holt Tablelands ecoregion as 

The Holt Tablelands ecoregion is a transitional area between the loamy, glaciated 

regions with loess soils to the east and the Sand Hills in the west and south. This 

region shares many characteristics with the Nebraska Sand Hills (44); however, 

climate, physiography, and land use are more similar to those of the Northwestern 

Glaciated Plains (42). Cropland agriculture occurs on the more level tablelands 

and in areas with loamy soils, whereas grassland is found in areas of greater relief.  

Bryce et al. (1998) describe the James River Lowland ecoregion as 

The boundary between the James River Lowland and the Drift Plains to the north 

represents a broad phenological and climatic transition zone. This ecoregion is 

characterized by mesic soils, warmer temperatures, and a longer growing season 

than the Drift Plains. These differences are reflected in the crop types of the 

region. Winter wheat, corn, and soybeans are more prevalent in this ecoregionôs 

milder climate. 

Bryce et al. (1998) describe the Missouri Alluvial Plain as 
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The human development of the Missouri Alluvial Plain over the last two centuries 

has separated the Missouri River from its floodplain. A system of dams, levees, 

and stream channelization has largely controlled the flood cycles to allow 

intensive agriculture in the river bottomland. Much of the northern floodplain 

forest has been cut, and oxbow lakes and wetlands have been drained to reclaim 

additional agricultural land.  

Chapman et al. (2001) describe the Nebraska Loess Hills as 

The Northeastern Nebraska Loess Hills have an older, coarser loess mantle that is 

not as weathered as in ecoregions to the south. The climate is generally cooler 

with slightly less annual precipitation than in southern glaciated regions. Cropland 

agriculture, especially corn, is common, and there is more irrigated agriculture 

and pastureland, but fewer scattered woodlands than in neighboring Western Corn 

Belt Plains regions. 

MNRR exists within the Missouri River watershed, which drains one-sixth of the United States 

and encompasses 1,371,010 square kilometers (529,350 square miles) (NPS 2007). 

Approximately 45% of the surface area within MNRR boundaries is water, mostly the Missouri 

River. The dominant vegetation type in MNRR is central plains riparian forest, but the unit also 

contains native and restored tall grass prairie, oak woodlands, pastures, plowed fields, and 

residential areas (Weeks et al. 2005, Stevens et al. 2010). 

2.2.2 Resource Descriptions 

The Missouri River is the major physical feature within MNRR. Amphibians, birds, native and 

non-native fish, mammals, and reptiles are abundant in and along the three major waterways of 

MNRR (Missouri and Niobrara Rivers and Verdigre Creek), primarily due to the diverse habitat 

that supports the variety of species (NPS 2010). MNRR has more federally listed endangered and 

threatened species than any park in the Northern Great Plains Network (NGPN) including piping 

plover (Charadrius melodus), interior least tern (Sterna antillarum athalassos), pallid sturgeon 

(Scaphirhyncus albus), and scaleshell mussel (Leptodea leptodon) (NPS n.d.).  

Two major plant communities are present within MNRR, the willow (Salix spp.) and cottonwood 

(Populus deltoides) floodplain forest and elm (Ulmus spp.) and oak (Quercus spp.) woodlands 

(NPS 2011d). Plains cottonwood was historically abundant on the Missouri River floodplain, but 

recruitment of cottonwoods is not keeping pace with mortality due to channel modification 

following dam construction (Dixon et al. 2010). Sandbars and floodplains in MNRR contain a 

mix of annual weeds, short-lived grasses, sedges, and seedling willow and cottonwood (NPS 

2011d). Larger willows and cottonwoods form floodplain forests at higher elevations along 

stream banks, with an understory of dogwood (Cornus spp.), sumac (Rhus spp.), wild grape 

(Vitis spp.), and poison ivy (Toxicodendron radicans) (NPS 2011d). The dense hardwood forests 

located on the adjacent bluffs are dominated by bur oak (Quercus macrocarpa), and also contain 

ash (Fraxinus spp.), mulberry (Morus spp.), and walnut (Juglans spp.) (NPS 2011d).  
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2.2.3. Resource Issues Overview 

The construction of dams, levees, and 

the process of channelization heavily 

altered the Missouri River (NPS n.d.). 

These changes resulted in the 

significant alteration of aquatic and 

terrestrial habitat in MNRR. Two 

serious issues for MNRR are the 

reduction in sediment transport and 

bank erosion (Weeks et al. 2005), both 

a result of dam construction on the 

Missouri River.The resulting 

reservoirs eradicated miles of riparian 

forests and essentially stopped the 

meander and periodic flooding on the 

upper reaches of the river, greatly 

altering the river ecosystem (Weeks et 

al. 2005). Modification of the natural hydrology affected the life cycles of plants, nesting birds, 

aquatic insects and fish. The majority of riverine fish require high spring flows for successful 

reproduction (Weeks et al. 2005). 

Eight exotic invasive plants are identified as species of concern at MNRR; the most problematic 

include purple loosestrife (Lythrum salicaria), salt cedar (Tamarix spp.), Russian olive 

(Elaeagnus angustifolia), Canada thistle (Cirsium arvense), and leafy spurge (Euphorbia esula) 

(NPS 2011e). Exotic plant species often outcompete and displace native plants, altering 

community structure and subsequently affecting the amount and quality of available habitat for 

aquatic and terrestrial wildlife. 

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

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

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

(National Assessment Synthesis Team 2000). While precipitation is also expected to increase, 

evapotranspiration will increase with higher temperatures and longer growing seasons, perhaps 

resulting in an overall drier climate (National Assessment Synthesis Team 2000). 

2.3 Resource Stewardship 

2.3.1 Management Directives and Planning Guidance 

The stretch of the Missouri River which forms MNRR is designated a National Wild and Scenic 

River (NPS 2011f): 

It is hereby declared to be the policy of the United States that certain selected 

rivers of the Nation which, with their immediate environments, possess 

outstandingly remarkable scenic, recreational, geologic, fish and wildlife, historic, 

cultural or other similar values, shall be preserved in free-flowing condition, and 

that they and their immediate environments shall be protected for the benefit and 

enjoyment of present and future generations. The Congress declares that the 

Photo 1. Gavins Point Dam (USACE n.d.). 
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established national policy of dams and other construction at appropriate sections 

of the rivers of the United States needs to be complemented by a policy that 

would preserve other selected rivers or sections thereof in their free-flowing 

condition to protect the water quality of such rivers and to fulfill other vital 

national conservation purposes. (Wild and Scenic Rivers Act, October 2, 1968) 

2.3.2 Status of Supporting Science 

Multiple agencies are involved in research and management within MNRR, including the NPS; 

U.S. Fish and Wildlife Service (USFWS); U.S. Geological Survey (USGS); South Dakota 

Department of Game Fish and Parks (SDGFP), Nebraska Game and Parks Commission (NGPC); 

U.S. Army Corps of Engineers (USACE); University of South Dakota (USD); South Dakota 

State University (SDSU); Virginia Polytechnical University (VT); University of Nebraska (UN); 

and the Missouri River Recovery Group (comprised of individuals from many of the 

aforementioned agencies). 

NGPN is responsible for developing a list of Vital Signs for each park unit based on its key 

resources. Table 2 shows the network Vital Signs selected for monitoring in MNRR. The 

following Vital Signs are currently being monitored by MNRR, another NPS program, or 

another federal or state agency using other funding: weather and climate, surface water 

dynamics, raptors, piping plovers, interior least terns, pallid sturgeon, treatments of exotic 

infestations, and visitor use (Gitzen et al. 2010). Other Vital Signs for MNRR have not yet been 

studied. 

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

Category NGPN Vital Signs 

Air and Climate 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, riparian lowland plant 
communities, upland plant communities, land birds, 
raptors, piping plovers and interior least terns, pallid 
sturgeon 

Human use Treatments of exotic infestations, visitor use 

Landscapes (ecosystem pattern 

and process) 
Fire and fuel dynamics, land cover and use, extreme 
disturbances, soundscape, viewscape, night sky 
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Chapter 3 Study Scoping and Design 

This NRCA was a collaborative effort between the NPS and Saint Maryôs University of 

Minnesota, GeoSpatial Services (SMU GSS). Stakeholders in this project include MNRR park 

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

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

SMU GSS. Preliminary scoping meetings were held, and a task agreement and a detailed scope 

of work document were created in cooperation with the NPS and SMU GSS.  

3.1 Preliminary Scoping 
A preliminary scoping meeting was held 21 October 2009 with SMU GSS and NPS staff. This 

scoping meeting determined the purpose of the MNRR NRCA, which is to evaluate and report 

on current conditions of key park resources, evaluate critical data and knowledge gaps and 

highlight selected existing and emerging resource condition influences of concern to MNRR 

managers. 

The National NRCA Program Office provided specific guidance requirements regarding this 

NRCA: 

¶ The NRCA is conducted using existing data and information; 

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

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

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

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

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

findings will aid MNRR resource managers in the following objectives: 

¶ Developing near-term management priorities; 

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

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

Strategy); 

¶ Reporting program performance (e.g., Department of the Interior Strategic Plan ñland 

healthò goals). 

3.1.1 NPS Involvement 

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

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

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

with SMU GSS to identify sources of information, define an appropriate resource assessment 

structure, identify appropriately scaled resources, threats and stressors, and identify measures for 

these resources.  
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MNRR park staff helped to identify other NPS staff that could provide guidance, technical 

assistance, and logistical coordination for site visits and discussions with the primary 

investigator, analysts, and graduate research assistants. Park staff collaborated with the SMU 

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

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

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

in the assessment of park resource conditions. They were also expected to review and comment 

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

Involvement of MNRR staff in this project ensured that SMU GSS efforts met the true needs of 

the park. 

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

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

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

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

interim document.  

3.2 Study Design 

3.2.1 Component Framework, Focal Study Resources and Components 

Selection of Resources and Measures 

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

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

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

(e.g., geological formation, dark night skies, or viewshed) 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 an NRCA. Measures are defined 

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

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

influenced by certain ñstressorsò and thus, are considered during assessment. A ñstressorò is 

defined as any agent that poses a threat to a component. Stressors 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 MNRR NRCA scoping process, key resource components were identified by NPS 

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

is not 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 

MNRR. Several measures for each component, as well as known or potential stressors, were also 

identified in collaboration with MNRR resource staff.  
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Selection of Reference Conditions 

A reference condition is a benchmark against which one can compare current values of a given 

componentôs measures to determine condition of that component. A reference condition may be 

a historical condition (e.g., flood frequency prior to dam construction on a river), an established 

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

goal/objective (e.g., a bison herd no larger than 700 individuals) (adapted from Stoddard et al. 

2006). 

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

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

human activity and disturbance was not a major driver of ecological populations and processes, 

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

literature and ecological thresholds helped to define appropriate reference conditions.  

Finalizing the Framework 

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

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

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

(draft form of Gitzen et al. 2010) and publicly available informational materials from MNRR. 

This initial framework was presented to park resource staff to stimulate meaningful dialogue 

about key resources that should be assessed. Significant collaboration between SMU 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 March 2010 following acceptance from MNRR resource 

staff. It contains 21 components (Table 3) and was used to drive analysis in this NRCA. This 

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

stressors and threats to the resources, and the reference conditions for each resource. 
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Table 3. Final MNRR NRCA framework. 
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Table 3. Final MNRR NRCA framework. (continued) 

 

Chemical and Physical Characteristics

Turbidity 

Specific conductance

pH

Dissolved oxygen

Measures of velocity

Water temperature 

Nutrients

Agricultural chemicals 

Fecal coliform bacteria
Point source urban discharge; non point source 

pollutants.

Mercury Atmospheric deposition from powerplant operations

Nitrogen Atmospheric deposition from agricultural operations

Ozone Fossil fuel combustion

Particulate Matter Powerplant emissions; dust from agricultural plowing

Phenologic relationships (Onset and 

duration of greeness)

Changing range for invasives and exotics, timing of 

biological events for plants and animals

Precipitation pattern (change in 

frequency and amount)
Change in rainfall patterns (amounts and distributions)

Temperature (change in pattern and 

range)
Change in microclimate and habitat relationships

Goods and Services

Human Values

Ambient sound level

Distribution of non-natural sounds

Schaff Scale Scores

Darkness - V Magnitude

Odorscape Anthropogenic odors Factory, development, feedlot Natural ambient condition

Viewshed Natural undeveloped viewsheds Development, trails, roads, and power production.
Pre-European settlement, pre-

dam

EPA Air Quality Criterion; NPS Air 

Resources Division index values; 

"Natural" spatial/temporal patterns

Non Point Source Agricultural runoff

Dam operations limit peak flows, increase low 

flows, alter temporal flows (seasonality and 

duration)

EPA and WRD standards; 

natural variability; "Natural" 

spatial and temporal patterns; 

predam and pre-river regulation 

conditions

Dam operations limit peak flows, increase low 

flows, alter temporal flows (seasonality and 

duration); non-point source pollutants; Non-point 

source agricultural runoff; point source urban 

discharge; non-point source pollutants.

Development and power production.
Pre-European settlement - 

absence of anthropogenic light
Dark Night Skies

Water Quality

Development, trails, roads Undeveloped park experienceSoundscape

Air Quality

Climate Period of record. 
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3.2.2 Reporting Areas 

Reporting zones were not used in this assessment. 

3.2.3 General Approach and Methods 

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

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

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

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

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

statement of overall current condition was created and compared this current condition to the 

reference condition when possible. 

Individual Component Assessments 

Data Mining 

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

at the first scoping meeting, at which time MNRR and NPS 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, Non-governmental 

organization reports, databases, tabular data, and charts. GIS data were provided by NGPN and 

by MNRR staff. Access was also granted to various NPS online data and literature sources, such 

as NatureBib and NPSpecies. Additional data and literature were also acquired through online 

bibliographic literature searches and inquiries on various state and federal government websites. 

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

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

scoping meeting.  

Data Development and Analysis 

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

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

recommendations from MNRR staff about analysis. Specific approaches to data development 

and analysis can be found within the respective component assessment sections located in 

Chapter 4 of this report. 

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

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

conference call with an individual or several individuals considered experts on the resource 

component(s) 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 expertsô opinions. Information gained in these initial conversations 

was important for rough draft development. Rough drafts were developed using the data gathered 

through the data mining process and the insights provided by component experts. Documents 

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

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

among SMU GSS analysts and MNRR and NGPN staff. Though SMU GSS analysts rely heavily 

on peer-reviewed literature and existing data in conducting the assessment, the expertise of NPS 
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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 limited data or literature exist for a resource component.  

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

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

from resource experts to compile the final component assessments (Phase II documents). 

Consistent contact with experts was maintained throughout this process in order to adequately 

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

representation of MNRR and NGPN staff knowledge. Once Phase II documents were completed, 

they were sent back to expert reviewers for a second thorough review and to provide an 

opportunity to add more insights. Any comments or feedback received during this second review 

were incorporated into the assessment document. As a result of this process, and based on the 

recommendations and insights provided by MNRR resource staff and other experts, the final 

component assessments represent the most relevant and current data available 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 in the final report. The 

format and structure of resource component assessments is described below. 

Description 

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

which it occurs in the park setting. The importance of the resource component to the park and 

why it is included in this assessment are explained. For example, it may represent a unique 

feature of the park, 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. Any interrelationships that occur among a given 

component and other resource components included in the broader assessment are also 

emphasized. 

Measures 

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

extensive dialogue with resource experts. Those measures deemed most appropriate for assessing 

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

very brief description of metrics used in the assessment. 

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 park experts or SMU GSS analysts, an explanation of 

how they were developed is provided.  
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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 or as 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. 

All relevant data and information for a component is presented and interpreted in this section. 

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 stressors based on a 

combination of available data and literature, and discussions with experts and park natural 

resources staff.  

Data Needs/Gaps 

This section outlines critical data needs or gaps for the resource component. Discussed 

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

determining the current condition 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 who wish to prioritize monitoring or data gathering efforts. 

Overall Condition  

This section provides a qualitative summary statement of the current condition for the resource 

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

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

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

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

the condition of the resource component.  

Initial designations of current condition for a component, made by the authors during component 

rough draft preparation, were subject to review from resource experts during the review process 

and amended when appropriate to provide a more accurate representation of park staff/expertsô 

interpretation of condition. When applicable, condition designations were made with respect to 

the defined reference condition. At other times, when reference conditions were not available, 

the opinions of park staff and experts were relied on more heavily to determine condition.  
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Condition Graphic 

This provides a graphical representation of the componentôs condition (and trend when 

appropriate). It is intended to give readers a more visual interpretation of the assessed condition. 

However, it does not replace the written statements of condition, which provide an in-depth 

discussion of and justification for the condition attributed by analysts to the resource component.  

Figure 1 shows an example of the condition graphic as it is used to represent the assessed 

condition of a component. Colored circles indicate a componentôs condition expressed by level 

of concern. Red circles signify that a resource is of significant concern to park management. 

Yellow circles signify that a resource is of moderate concern to park management. Green circles 

indicate the condition of a component has been assessed as of low concern. Gray circles signify 

that there is currently insufficient data to make a statement about concern or condition of the 

component.  

The arrows nested inside of the circles indicate the trend of the condition of a resource 

component. Arrows pointing up indicate the condition of the component is improving compared 

to reference condition. Arrows pointing to the right indicate a stable condition. Arrows pointing 

down indicate a decline in the condition of a component compared to reference condition. These 

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

triple-pointed arrow indicates the trend of the componentôs condition is currently unknown.  

 

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

This is a listing of the individuals (including their title and affiliation) 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. 
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Chapter 4 Natural Resource Component Summaries 

Disclaimer: Data and information presented in this report were compiled prior to the major 

flooding on the Missouri River in 2011; determination of resource condition did not take into 

account the effects of this flooding event. 

This chapter presents the background, analysis, and condition summaries for the 18 key resource 

components in the project framework. The following sections discuss the key resources and their 

measures, stressors, and reference conditions. The order of component summaries roughly 

follows the project framework (Table 3); some components were combined (piping plover and 

least tern, and land cover and land use) and one component was moved to Chapter 5 (natural 

physical and biological interactions and processes).  

1. Land Cover and Land Use 

2. Erosional and Depositional Processes  

3. Flow Regime 

4. Aquatic and Terrestrial Habitats 

5. Cottonwood 

6. Pallid Sturgeon 

7. Interior Least Tern and Piping Plover 

8. Land Birds 

9. Native Fish Populations 

10. Northern Leopard Frog 

11. Freshwater Invertebrates 

12. Water Quality 

13. Air Quality 

14. Climate 

15. Soundscape 

16. Dark Night Skies 

17. Odorscape 

18. Viewshed 
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4.1 Land Cover and Land Use 

Description 

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

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

field surveys and/or analyses of remotely sensed imagery (Comber et al. 2005). The Northern 

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

(LCLU), as a Vital Sign because natural disturbances, stressors, and management cause large-

scale changes to the general ecosystem composition of NPS units, altering the land cover of a 

park. In addition, the type, amount, and arrangement of vegetative structural types in park units 

partially determine the composition and abundance of vertebrate and invertebrate communities in 

those units (Vinton and Collins 1997). The protocol for monitoring this Vital Sign will be 

developed in the next one to five years. 

In this assessment, multiple land cover classifications, scales, and data sources are utilized. Data 

in this assessment are reported within the park boundaries and at a regional scale. The area of 

analysis (AOA) as determined by NPScape (a 30-km buffer of the park boundaries) is used to 

report regional scale LCLU data from the National Land Cover Dataset (NLCD). Data from 

Dixon et al. (2010) also represent regional scale LCLU information, in relation to the park 

boundaries. The Missouri River segments in Dixon et al. (2010) associated with MNRR 

represent the historic floodplain (defined as bluff to bluff) surrounding the park boundaries. 

Land ownership patterns are also important in understanding the context of land cover in and 

surrounding MNRR. That is, land ownership patterns can influence the land cover and typically 

drive the current stage of LCLU within the park boundaries. GIS data from MNRR displays the 

stewardship lands within and immediately surrounding the park boundaries. Generally, 

stewardship lands provide a context for protecting land from development. 

LCLU within and surrounding the boundaries of MNRR are unique among other NGPN units, 

because MNRR is represented by dynamic aquatic and riparian ecosystems associated with the 

Missouri River and portions of its tributaries, Niobrara River and Verdigre Creek. Current LCLU 

composition is the result of numerous human-caused alterations to the river (upstream and 

downstream) and conversion of land surrounding the river for human use since the mid- to late-

1800s. Bank stabilization, dike construction, and dredging started on the lower Missouri River in 

the late 1920s. Then, a six-dam system of flood control was constructed starting with  Fort Peck 

Dam in the 1930s, followed by five additional dams under the 1944 Pick-Sloan Plan, with the 

last dam completed in 1963 (Weeks et al. 2005). The Fort Randall Dam was completed in 1954, 

upstream of the 39-mile district of MNRR, forming Lake Francis Case. The Gavins Point Dam 

was completed in 1957, upstream of the 59-mile district of MNRR, forming Lewis and Clark 

Lake. 

The intent of the Pick-Sloan Plan was to ñsecure the maximum benefits for flood control, 

irrigation, navigation, power, domestic, industrial and sanitary water supply, wildlife, and 

recreationò (Senate Document 247, quoted in Weeks et al. 2005). The results of the Pick-Sloan 

Plan represent ñthe most important and lasting alteration of the Missouri River ecosystemò 

(Weeks et al. 2005). While the infrastructure and activities associated with the system created 

many positive effects on the social and economic conditions (e.g., electricity production, 
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recreational use, irrigation for food production) along the Missouri River, there were 

alsoñdevastating ecological costs associated with the development and operation of this systemò 

(Weeks et al. 2005). 

On a section of the Missouri River in North Dakota, Johnson (1992) found that floodplain forest 

area decreased by at least 56% from 1881 to 1978, primarily from clearing of forests to convert 

land for agricultural production. Similarly, in the historic floodplain surrounding MNRR the 

percentage of land classified as agriculture has increased dramatically since 1892, thereby 

decreasing the area of forests and shrub-lands (Dixon et al. 2010). Flood control efforts 

(including dam construction and operation) and the implementation of river channelization 

efforts (including bank stabilization features and woody debris removal) allowed for human 

development (agricultural, urban, and industrial) to encroach on 95% of the entire Missouri 

River floodplain (Weeks et al. 2005). These alterations to the river and surrounding land have led 

to dramatic changes in land cover and native plant community composition, reduced available 

supply of organic material by at least 65%, and interrupted vital life processes for nearly all the 

native resident and migratory fauna that depended on Missouri River corridor habitat (Hesse et 

al. 1988).  

Several specific changes for flow regulation on the Missouri River affect riparian habitats within 

the boundaries of MNRR and the surrounding historic floodplain. Changes in the natural 

hydrograph (including lower river elevation and peak flows) affect the life cycles of plants, 

especially the cottonwood and willow communities. The elimination of flood pulses reduces 

scouring flows and the meandering rate of the river channel in the un-channelized reaches of the 

river. This reduction accelerates the conversion of barren sandbar habitat to permanently 

vegetated sandbars. Unnatural erosion has caused degradation in approximately the top half of 

the Fort Randall segment and over the entire section below Gavinôs Point. 

Measures 

¶ Ownership pattern (protected land and its ownership, and generalized land ownership 

area) 

¶ Land cover/use distribution (area of coarse classifications of LCLU) 

¶ Dynamics (trends of land cover change) 

Reference Conditions/Values 

MNRR staff identify the reference condition as a time before non-native and invasive species 

establishment. The precise time that these species arrived in present-day MNRR is unknown, but 

was likely during European settlement after the Dakota Territory opened for settlement in 1859. 

Before major introductions (both intentional and accidental) of non-native flora and large-scale 

conversion of lands to agriculture, homesteads, and towns, the floodplain on the lower Missouri 

River was a mixture of grassland, deciduous forests, and wetlands, with approximately 76% of 

its vegetation being forest (Bragg and Tatschl 1977, as cited in Weeks et al. 2005). In addition, 

the entire Missouri Riverôs 13.7 million ha (338.5 million acre) drainage basin was originally 

87% prairie (Hesse and Schmulbach 1991 and USFWS 2003, as cited in Weeks et al. 2005). 

A large portion of the area within the  boundaries of MNRR is open water (Missouri River, 

Niobrara River, and Verdigre Creek). Much of the surrounding land area was once riparian in 
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nature. Naiman et al. (1993) define a riparian ecosystem as the river or stream channel between 

the low and high water marks and the terrestrial landscape above the high-water mark, in which 

vegetation may be influenced by elevated water tables or extreme flooding events and by the 

ability of the soils to hold water. River channelization (including snag removal and construction 

of dikes, revetments, levees; and the construction and operation of the Missouri River main-stem 

dams) has had a myriad of effects on the riverôs physical, chemical, biological, and social 

attributes (Galat et al. 1996). After the construction of the dams, downstream lands were cleared 

for agricultural production. These lands, considered flood-free, were attractive to developers and 

helped fuel a continued demand for bank stabilization projects (Weeks et al. 2005). 

Dixon et al. (2010) utilized Missouri River Commission maps created in 1892 and published in 

1895 to classify major LCLU classes. The 1892 maps were digitized based upon vegetation type 

designations during the original mapping. The study area in Dixon et al. (2010) included several 

segments along the Missouri River (Plate 1). Figure 2 displays the segments of this dataset that 

relate to the 39-mile and 59-mile districts of MNRR. Plate 1 and Plate 2 display the broad land 

cover changes that have occurred along both districts of MNRR from 1892 to 2006 (Dixon et al. 

2010). The pre-dam condition of LCLU identified by Dixon et al. (2010) was before significant 

human development and before large landscape-scale effects occurred from the alteration to 

keystone processes (e.g., wildfire, natural river erosional and depositional processes, and 

meandering rates in the Missouri River). Also, with the possible exception of white mulberry 

(Morus alba), the 1892 data represent a pre-non-native plant species LCLU (Dixon, pers. comm., 

2010). Table 4 and Table 5 display the area and relative composition of land cover classes in the 

historic (1892) Missouri River floodplain associated with the 39-mile and 59-mile districts, 

respectively (Dixon et al. 2010). 

Table 4. Area and percentage of major land cover types in the Missouri Riverôs historic (1892) floodplain 
in the area of the 39-mile district of MNRR (results of conversion of 1892 Missouri River Commision 
Maps) (Segment 8 in Dixon et al. 2010). 

Land Cover Description 
Area % 

Composition acres ha 

Grassland 15,563 6,298 43.51 

Deciduous forest 6,695 2,709 18.72 

River channel - Missouri 6,479 2,622 18.11 

Sandbar - Missouri 4,209 1,703 11.77 

Bluffs 1,378 557 3.85 

Shrubs 1,029 416 2.88 

Cultivated 247 100 0.69 

Urban 163 66 0.45 

River channel - other 8 3 0.02 

Totals: 35,769 14,475 100.00 
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Table 5. Area and percentage of major land cover types in the Missouri Riverôs historic (1892) floodplain 
in the area of the 59-mile district of MNRR (results of conversion of 1892 Missouri River Commision 
Maps) (Segment 10 in Dixon et al. 2010). 

Land Cover Description 
Area % 

Composition acres ha 

Grassland 71,766 29,043 33.97 

Cultivated 51,411 20,805 24.34 

Deciduous forest 28,548 11,553 13.51 

Unclassified 16,621 6,726 7.87 

Sandbar ï Missouri 13,005 5,263 6.16 

Shrubs 12,108 4,900 5.73 

River channel - Missouri 9,120 3,691 4.32 

Bluffs 2,413 977 1.14 

Farm woodlot 2,024 819 0.96 

Marsh 1,452 587 0.69 

Urban 1,053 426 0.50 

River channel - other 862 349 0.41 

Open woodland 569 230 0.27 

Sandbar - other 130 53 0.06 

Lake 109 44 0.05 

Orchard 49 20 0.02 

Totals: 211,239 85,485 100.00 

See Plate 1 and Plate 2 for illustrations of relative land cover change from 1892 to 2006 for the 

59-mile and 39-mile districts respectively. 

Data and Methods 

Dixon et al. (2010) examined current LCLU and historic LCLU for several segments (930 river 

miles) of the Missouri River including segments 10 and 8 associated with the 59-mile and 39-

mile districts, respectively. The authors created 1892 LCLU data by digitizing 1892 vintage 

Missouri River Commission maps into GIS data. They also interpreted aerial photography from 

the 1950s, 1980s, and 2006/2008 to create LCLU data. The 1892 data were developed at a 

1:63,000 map scale. Comparison of these data allows for an examination of LCLU change from 

1892 to present (2006/2008). The authors note that land cover classes in the 1892 maps differ 

somewhat from land cover classes they used in the 2006 land cover. It is also important to note 

that the LCLU classes the authors use are more detailed than the Anderson Level I and II 

(Anderson et al. 1976) used in the NLCD data, and they are intended to focus on the cottonwood 

habitats within the historic Missouri River floodplain. In addition, the current (2006/2008) data 

were developed at a larger map scale (finer resolution, using heads-up digitizing) than the 

satellite derived LCLU classifications (using spectral raster classification) in the NLCD. 

Current LCLU data (2006/2008) are summarized in this assessment from Dixon et al. (2010). 

These data were clipped to provide summaries within the MNRR boundaries and the original 
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data by segment (8/9 and 10). These segments represent the historic floodplain of the Missouri 

River (bluff to bluff) surrounding MNRR. It is important to note that the study area segments do 

not match the boundaries of MNRR and do not cover the Niobrara River or Verdigre Creek 

sections of the 39-mile district (Figure 2). Dixon et al. (2010) noted that their study segment 

boundaries may differ slightly from other published definitions of these segments and that they 

based them on 1960sô river miles. 

 

Figure 2. Relationship between MNRR boundaries by district and Dixon et al. (2010) segment 
boundaries. 

The 2001 National Land Cover Dataset (NLCD) (Homer et al. 2004) provides LCLU data using 

a spatial resolution of 30 meter pixels. These data use a 21 class (Anderson Level II, Anderson et 

al. 1976) land cover classification using unsupervised clustering and GIS modeling. These data 
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were spatially clipped to each of the park district boundaries and LCLU class area and 

composition are tabulated by each district. Recently 2006 NLCD data have been made available, 

however these data are considered provisional to date. 

The 1992/2001 NLCD change product (Fry et al. 2009) provides a categorization of change 

between a reclassification of both 1992 and 2001 LCLU data. Fry et al. (2009) used a decision 

tree classifier at Anderson Level I (Anderson et. al. 1976), filtered intermediate results with 

confidence parameters, determined changed versus non-changed pixels, and finally, labeled the 

final change product using a ñfrom-toò change classification code. These data were spatially 

clipped to each of the park district boundaries and LCLU class area and composition are 

tabulated by each district. Another change product classifying the change between NLCD 2001 

and 2006 has been made available, however these data are also considered provisional to date. 

Additionally, information synthesized by Stevens et al. (2010) provides protected lands and 

ownership area summaries. 

Current Condition and Trend 

Land Ownership Patterns 

Land ownership patterns are important because of the relationship between ownership type and 

the land use (i.e., the extent of land protected from development). Private land ownership may 

increase the potential for changes in LCLU (e.g., development, bank stabilization, and 

conversion of vegetated cover to agricultural uses). Stewardship lands in and around MNRRôs 

boundaries provide a context for protecting land from development and conversion. These are 

federal or state tracts of land that are publicly owned or have conservation easements on them 

through federal programs. The easements are on privately owned property and there are 

assumptions made about state and federal lands being ñprotected.ò Generally, the easements 

restrict the conversion of lands from their existing land use. Plate 4 and Plate 5 display the 

stewardship lands in or near the boundaries of the 59-mile and 39-mile districts, respectively. In 

addition to this map data, a recent vegetation inventory study plan for MNRR offers area 

estimates of protected land and its ownership within and adjacent to MNRR (Stevens et al. 2010, 

Table 6).  
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Table 6. Acreage of MNRR administrative area, protected lands within and adjacent to MNRR, and 
summary of protected lands ownership. Acreage totals include open water. GIS data provided by MNRR. 
This table is reproduced from Stevens et al. 2010, with the exception of the added % of total column. 

Description 
39-mile 
District 
(Acres) 

59-mile 
District 
(Acres) 

MNRR 
Totals 
(Acres) 

% of 
total 

MNRR Administrative Boundary total 33,324 35,687 69,011 -- 

Protected Area (all ownerships) within MNRR and in vicinity 27,670 9,482 37,152 -- 

Protected Area within Administrative Boundary 11,452 5,392 16,844 24.4*** 

Protected Area outside Administrative Boundary 16,218 4,090 20,308 -- 

Summary of "Protected" Lands within MNRR Boundary*        

  National Park Service**   475 475 2.9 

 
Nebraska Game and Parks Commission 1,971 1,648 3,619 22.0 

 
South Dakota Game, Fish and Parks 1,734 1,146 2,880 17.5 

 
US Army Corps of Engineers 5,904 490 6,394 38.9 

 
US Department of Agriculture 18 

 
18 0.1 

 
US Fish and Wildlife Service 1,398 

 
1,398 8.5 

 
Yankton Sioux Tribe 24 

 
24 0.1 

 
USDA Natural Resources Conservation Service 

 
162 162 1.0 

 
Northern Prairies Land Trust 

 
228 228 1.4 

 
Cedar County, SD 

 
15 15 0.1 

 
City of Yankton, SD 

 
64 64 0.4 

  SDGFP, Lewis and Clark NRD   1,164 1,164 7.1 

*acreage figures for ownership categories are approximate and include surface water. 

**includes water acreage. NPS land ownership is approximately 280 acres. 

***24.4% of the total acreage within the MNRR boundaries is considered protected lands. All other percentages 
displayed are based on total acres of protected lands within the MNRR boundary. 

The majority of land within the park boundaries is private property (76% of the total park area), 

and 24% is publicly owned (Stevens et al. 2010). The NPS owns approximately 300 acres (less 

than 1% of the total park boundary area), not counting surface water (NPS 2009b). The two areas 

include the Bow Creek Recreation Area and the Mulberry Bend Overlook. Since the majority of 

the land in MNRR is under private ownership, any proposed NPS management activities must be 

done in collaboration with private landowners or other organizations and in accordance with the 

Wild and Scenic Rivers Act and NPS policy. 

Bow Creek Property 

The Bow Creek Recreation Area is an NPS owned property; the northern tract was purchased in 

2004 and the southern tract in 2008. The property is a Missouri River frontage tract located near 

Wynot, NE where Bow Creek enters the Missouri River (NPS 2009b). The property is a 

particular area of interest in terms of its relationship to land cover and native vegetation 

restoration efforts at MNRR. Because Bow Creek is under NPS ownership, land management 

activities are more readily implemented here than with non-NPS lands within MNRR 

boundaries. This property and the Mulberry Bend property represent areas in which the NPS can 

more actively manage the land compared with other lands not in NPS ownership within the park 
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boundaries. In total, the Bow Creek property covers approximately 250 acres of dry land. This 

includes Upper Bow Creek (approximately 95 acres), which is primarily bluffland comprised of 

forest/savanna, grassland, and shrubland; and Lower Bow Creek which is primarily low land, 

comprised of a mix of cottonwood and other forest, grassland, and shrubland (approximately 125 

acres). In Lower Bow Creek, there is also a 20-acre sandbar which is covered with a young 

cottonwood forest. A plan is in place to reseed ten acres of tame pasture in Lower Bow Creek to 

native prairie plants. 

The overall NPS management strategy for this area is to restore native vegetation and landscapes 

through non-native and invasive plant removal, prescribed fire, and planting and seeding native 

plant species. Beginning in 2005 and continuing through 2009, MNRR natural resource staff, the 

Northern Great Plains Exotic Plant Management Team (NGP-EPMT), and the Minnesota 

Conservation Corps removed eastern red cedars (Juniperus virginiana) in the Upper and Lower 

Bow Creek areas. The historic land cover in the Upper Bow Creek area would likely have been a 

mix of bur oak (Quercus macrocarpa) savanna and prairie (Dixon, pers. comm., 2010). In 

addition to cedar removal, the Lower Bow Creek area, had approximately 12 ha (30 ac) of 

agricultural land reseeded to native grasses and forbes. Other recent activities include removal of 

Russian olive trees and continued treatment of invasive plant species (e.g., Canada, bull, and 

plumeless thistles, leafy spurge, purple loosestrife). MNRRôs Fire Management Plan was 

approved in 2010 and staff conducted the first prescribed fire on 28.3 ha (70 ac) of the Bow 

Creek tract owned by the NPS. 

Mulberry Bend Property 

The MNRR Fire Management Plan (FMP) states the Mulberry Bend property, located along the 

Missouri River in Dixon County, NE, near the Vermillion-Newcastle Bridge, was acquired by 

the NPS in 2003 (NPS 2009a). Separating a low area (2 ha or 5 ac) to the west and a maintained 

scenic overlook area (11.3 ha or 28 ac) to the east, is Nebraska Hightway 15 (NPS 2009a). The 

overlook area contains a maintained landscape area (3.2 ha or 8 ac) and a larger mesic bur oak 

community area (8.1 ha or 20 ac). The primary NPS management activities at this property have 

included noxious weed treatments, thinning of eastern red cedars, and native plantings (NPS 

2009b). According to the MNRR FMP, future management work, along with the use of 

prescribed fire, will include continuing mechanical treatments of eastern red cedar, and may 

include native plant resoration in the smooth brome pasture area. 

LCLU Distribution  

Regional - NLCD 

The NPScape project clipped and reclassified 2001 NLCD LCLU data within a 30-kilometer 

buffer of MNRR boundaries, an area greater than 1.5 million hectares (3.7 million acres) (Plate 

3, NPScape 2009). These data provide insight to the LCLU of the greater MNRR area. Within 

this area, cultivated agriculture and grassland/herbaceous were the primary LCLU types: 43.9% 

and 31.0% respectively. Pasture/hay (9.9%), developed open space (4.1%), and deciduous forest 

(4.1%) followed (Table 7, NPScape 2009). 

  



 

34 

Table 7. Land cover/use within a 30-km buffer of the MNRR boundaries. NLCD 2001 data processed by 
NPScape (2009). 

Land Cover/Use Class Name 
Area % 

Composition ha acres 

Cultivated Agriculture 672,737 1,662,363 43.85 

Grassland/Herbaceous 475,673 1,175,410 31.00 

Pasture/Hay 153,334 378,895 9.99 

Developed Open Space 62,944 155,537 4.10 

Deciduous Forest 62,514 154,474 4.07 

Open Water 44,242 109,324 2.88 

Emergent Herbaceous Wetlands 24,576 60,729 1.60 

Woody Wetlands 11,941 29,506 0.78 

Developed Low Intensity 10,260 25,352 0.67 

Evergreen Forest 6,339 15,665 0.41 

Scrub/Shrub 4,842 11,964 0.32 

Developed Medium Intensity 2,752 6,799 0.18 

Developed High Intensity 1,136 2,808 0.07 

Barren Land 733 1,811 0.05 

Mixed Forest 298 737 0.02 

Totals: 1,534,321 3,791,374 
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MNRR-wide ï (USACE 2004) 

According to USACE (2004), the MNRR park boundary includes 27,974 ha (69,124 acres) of 

land and water, 14,488 ha (35,800 acres) in the 59-mile district and 13,486 ha (33,324 acres) in 

the 39-mile district. Approximately 12,600 ha (31,000 acres) are non-vegetated aquatic habitats 

(e.g. main-channel river, backwater, and chutes) and the remainder is a mix of upland and 

wetland habitats (USACE 2004, Stevens et al. 2010). Wetlands make up a total of 15,064 ha 

(37,225 acres) of MNRR (Table 8, USACE 2004), the vast majority of which are non-vegetated 

aquatic habitats. 

Table 8. Wetland and riparian acreages for Fort Randall (39-mile segment) and Gavins Point (59-mile 
segment) of MNRR, 1991 (USACE 2004). Open water habitats are not shown here. Percentages and 
hectares added to original table from USACE 2004. 

Wetland/ 
Riparian Type 

39-mile 
segment 

Relative % 
comp. of 
district 

59-mile 
segment 

Relative % 
comp. of 
district 

Total area 
% Comp. 

acres ha acres ha acres ha 

Emergent 1,682 681 19.5 2,461 996 20.3 4,143 1,677 20.0 

Scrub Shrub 454 184 5.2 2,517 
1,01

9 
20.8 2,971 1,202 14.3 

Forested 889 360 10.3 187 76 1.5 1,076 435 5.2 

Exposed Shore 297 120 3.4 545 221 4.5 842 341 4.1 

Riparian Forest 4,536 1,836 52.6 3,949 
1,59

8 
32.6 8,485 3,434 40.9 

Riparian Shrub 196 79 2.3 874 354 7.2 1,070 433 5.2 

Riparian Grass 564 228 6.5 1,595 646 13.2 2,159 874 10.4 

Totals: 8,618 3,488  
12,12

8 
4,91

0 
 20,746 8,396  

59-mile District - Dixon et al.2010 

The 59-mile district resembles the natural pre-dam river more than any other reach of the 

Missouri River (USACE 2004, as cited in Weeks et al. 2005). However, the historic floodplain 

was once much wider than it is today. Meander scars and their remnant lakes and marshes were 

more abundant in older topographic maps; later aerial photographs show that much of the 

evidence of this free-meandering river has been ñobliterated by agricultureò (USACE 2010). 

According to results of 2006/2008 aerial photo interpretation within the historic floodplain along 

the 59-mile district (segment 10 or bluff to bluff in Dixon et al. 2010), agricultural row crops are 

now the predominant LCLU class (76.9%), followed by Missouri River main channel (6.4%), 

forest (at least 15% cottonwood) (5.5%), town/city (4.4%), planted trees (farm woodlots, 

shelterbelts, orchards) (1.1%), upland forest (not in floodplain) (1.0%), and upland grassland or 

pasture (1.0%) (Table 9).  



 

36 

Table 9. Land cover classes, area, and composition in segment 10 (59-mile district area floodplain), 2006 
and 2008. Data are the results of aerial photograph interpretation from Dixon et al. 2010. 

Land Cover Class Type 
Area % 

Composition ha acres 

Agricultural row crops 65,726 162,413 76.89 

Missouri River main channel 5,487 13,558 6.42 

Forest (cottonwood at least 15%) 4,707 11,631 5.51 

Town/city (e.g., Vermillion) 3,749 9,264 4.39 

Riparian low shrub with cottonwood (successional sandbar sites, may 
include a mixture of low woody and herbaceous vegetation) 

120 2,519 1.19 

Planted trees (farm woodlots, shelterbelts, orchards) 938 2,317 1.10 

Upland forest (not in floodplain) 827 2,043 0.97 

Upland grassland, pasture 803 1,985 0.94 

In-channel sandbars (Emergent Sandbar Habitat - ESH) 382 943 0.45 

Non-cottonwood (cottonwood <15%) floodplain forest 325 802 0.38 

Riparian low herbaceous vegetation 246 607 0.29 

Woodland (cottonwood at least 15%) 239 592 0.28 

Oxbow lake/backwater 232 574 0.27 

Cabin or managed cottonwood areas 166 409 0.19 

Urban/recreational grasses (developed right-of-ways, golf courses) 160 395 0.19 

Tributary river channel 150 372 0.18 

Riparian low shrub w/o cottonwood 106 262 0.13 

Farm ponds, other open water habitats 70 172 0.08 

Emergent wetland 49 121 0.06 

Unvegetated sandbar on Missouri 40 99 0.05 

Farmstead and building complex (excluding woodlots) 31 76 0.04 

Commercial/Industrial/Transportation (roads, parking lots, boat landings) 30 74 0.03 

Barren 3 8 0.00 

Totals:  85,486 211,236 100.00 

Examination of Dixon et al. (2010) data within the boundaries of the 59-mile district naturally 

reveals a much different composition, as it is primarily a river and a floodplain area. As of 

2006/2008, land cover within the 59-mile district boundaries was 42% Missouri River main 

channel, 23% forest (at least 15% cottonwood), 13% agricultural row crops, and 4% upland 

grassland or pasture (Table 10, Dixon et al. 2010). Note that the data do not cover the entire area 

of the 59-mile district; some small areas along the Nebraska shoreline were not part of the study 

area in Dixon et al. (2010) (Figure 2). 
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Table 10. Land cover classes, area, and composition within the 59-mile district boundary, 2006 and 2008 
(Data from Dixon et al. 2010)

1
. 

Land Cover Class Type 
Area* % 

Composition ha acres 

River main channel (open water, sand, submersed aquatic vegetation) 5,437 13,435 41.60 

Forest (cottonwood at least 15%) 2,962 7,318 22.66 

Agricultural row crops 1,684 4,162 12.89 

Riparian low shrub with cottonwood (successional sandbar sites, may 
include a mixture of low woody and herbaceous vegetation) 

962 2,377 7.36 

Upland grassland, pasture 491 1,21414 3.76 

In-channel sandbars (Emergent Sandbar Habitat - ESH) 382 943 2.92 

Riparian low herbaceous vegetation 246 607 1.88 

Non-cottonwood (cottonwood <15%) floodplain forest 201 497 1.54 

Woodland (cottonwood at least 15%) 153 378 1.17 

Upland forest (not in floodplain) 138 341 1.06 

Cabin or managed cottonwood areas 103 255 0.79 

Riparian low shrub w/o cottonwood 75 186 0.58 

Oxbow lake/backwater ï off channel or connected 46 114 0.35 

Existing flow-through channels and backwaters 45 111 0.34 

Cottonwood dominant riparian shrubland 41 102 0.32 

Unvegetated sandbar 37 91 0.28 

Town/city (e.g., Vermillion) 35 87 0.27 

Urban/recreational grasses (developed right-of-ways, golf courses) 11 27 0.08 

Tributary river channel 9 23 0.07 

Planted trees (farm woodlots, shelterbelts, orchards) 6 14 0.04 

Barren 3 8 0.03 

Farmstead and building complex (excluding woodlots) 1 3 0.01 

Commercial/Industrial/Transportation (roads, parking lots, boat landings) 1 2 0.00 

Emergent wetland (off river) 1 1 0.00 

Totals: 5,437 13,435  
1
 Data were clipped to 59-mile District boundary, however, some portions of the 59-mile district along the 

Nebraska shoreline were not mapped by Dixon et al. (2010) (see Figure 1). 

39 Mile District ï Dixon et al. 2010 

Segment 8 (Fort Randall Dam to downstream of Niobrara delta) in Dixon et al. (2010) represents 

the historic Missouri River floodplain (approximately bluff to bluff) surrounding the 39-mile 

District of MNRR. This segment excludes Lewis and Clark Lake, which contains much more 

area classified as Missouri River channel (open water). However, this does not include Niobrara 

River and Verdigre Creek sections of the 39-mile district. Based on aerial photo interpretation 

using 2006 photography, this segment is primarily comprised of agricultural row crops (18.44%) 

and Missouri River main channel (17.15%), followed by a mix of forest (cottonwood at least 

15%) (6.43%), riparian low herbaceous vegetation (4.25%), and upland grassland, pasture 

(3.83%), wet meadow/mesic grassland (2.39%), and riparian low shrub with cottonwood (1.82%) 

(Table 11, Dixon et al. 2010).  
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Table 11. Land cover in the Dixon et al. (2010) segment 8, subreaches 1, 2, and 3 (historic floodplain 
along the 39-mile district), 2006. 

Land Cover/Use Class 
Area* % 

Composition ha acres 

Agricultural row crops 4,322 10,680 29.85 

Missouri River main channel 4,021 9,936 27.78 

Forest (cottonwood at least 15%) 1,508 3,725 10.42 

Riparian low herbaceous vegetation 996 2,461 6.89 

Upland grassland, pasture 899 2,221 6.21 

Wet meadow / mesic grassland 560 1,384 3.87 

Riparian low shrub with cottonwood (successional sandbar sites, may 
include a mixture of low woody and herbaceous vegetation) 

427 1,056 2.95 

Emergent wetland 387 955 2.67 

Woodland (cottonwood at least 15%) 343 846 2.37 

Non-cottonwood (cottonwood <15%) floodplain forest 232 572 1.60 

Cabin or managed cottonwood areas 131 325 0.90 

Town/city (e.g., Vermillion) 110 271 0.76 

Farm ponds, other open water habitats 99 245 0.68 

Unvegetated sandbar on Missouri 67 166 0.46 

Riparian low shrub w/o cottonwood 53 130 0.36 

Commercial/Industrial/Transportation (roads, parking lots, boat 
landings) 

46 114 0.32 

Non-cottonwood (cottonwood <15%) woodland 43 107 0.30 

Planted trees (farm woodlots, shelterbelts, orchards) 42 103 0.29 

Non-cottonwood shrubland 39 97 0.27 

Planted cottonwood trees 39 95 0.27 

Tributary river channel 35 87 0.24 

Oxbow lake/backwater 28 70 0.19 

Shrubland (with cottonwood) 21 52 0.15 

Farmstead and building complex (excluding woodlots) 15 37 0.10 

Upland forest (not in floodplain) 10 23 0.07 

Urban/recreational grasses (developed right-of-ways, golf courses) 4 11 0.03 

Totals: 14,477 35,769 
 *Area rounded to the nearest acre or hectare. 

   
 
These data do not include Verdigre Creek and Niobrara River sections and do not cover some additional 
areas where the boundaries of MNRR extend beyond the historic river floodplain. 

Examination of this data clipped to the boundaries of the 39-mile district reveals that the 

Missouri River main channel is the primary class (43.25%), followed by a mix of riparian low 

herbaceous vegetation (11.5%) forest (cottonwood at least 15%) (9.83%), upland 

grassland/pasture (6.14%), wet meadow/mesic grassland (5.86%) agricultural row crops (5.33%), 

riparian low shrub with cottonwood (4.53%), and emergent wetland (4.03%) (Table 12) (Dixon 

et al. 2010).  
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Table 12. Land cover/use in the 39-mile district, 2006. Dixon et al. (2010) GIS dataset was clipped to 39-
mile district boundaries. 

Land Cover/Use Class 
Area % 

Composition ha acres 

Missouri River main channel 4,103 10,139 43.26 

Riparian low herbaceous vegetation 1,094 2,704 11.54 

Forest (cottonwood at least 15%) 932 2,304 9.83 

Upland grassland, pasture 582 1,438 6.14 

Wet meadow / mesic grassland 556 1,374 5.86 

Agricultural row crops 502 1,242 5.30 

Riparian low shrub with cottonwood (successional sandbar sites, 
may include a mixture of low woody and herbaceous vegetation) 

450 1,132 4.75 

Emergent wetland 382 943 4.02 

Woodland (cottonwood at least 15%) 193 476 2.03 

Non-cottonwood (cottonwood <15%) floodplain forest 126 310 1.32 

Farm ponds, other open water habitats 110 273 1.16 

Cabin or managed cottonwood areas 88 218 0.93 

Unvegetated sandbar on Missouri 64 159 0.68 

Riparian low shrub w/o cottonwood 80 197 0.84 

Non-cottonwood (cottonwood <15%) woodland 43 107 0.46 

Planted cottonwood trees 36 89 0.38 

Tributary river channel 35 87 0.37 

Town, city (e.g., Vermillion) 34 84 0.36 

Oxbow lake/backwater 28 70 0.30 

Commercial/Industrial/Transportation (roads, parking lots, boat 
landings) 

17 42 0.18 

Planted trees (farm woodlots, shelterbelts, orchards) 11 27 0.12 

Upland forest (not in floodplain) 8 19 0.08 

Farmstead and building complex (excluding woodlots) 6 16 0.07 

Urban/recreational grasses (developed right-of-ways, golf courses) 4 11 0.05 

Totals: 9,484 23,461 
 

These data do not include Verdigre Creek and Niobrara River sections and do not cover some additional 
areas where the boundaries of MNRR extend beyond the river floodplain. 

LCLU Dynamics (change of land cover) 

Regional ï NLCD 

A 30 km buffer of the park boundaries covers an area of over 1.5 million hectares ( 3.7 million 

acres). The 1992 to 2001 NLCD change product indicates that approximately 44,257 ha (109,362 

acres) changed within a 30 km buffer of the park boundaries. The Anderson Level I 

classifications (a more generalized categorization than that of Level II) comprising the majority 

of the regional change were agriculture to grassland/shrub (22.0%), conversely grassland/shrub 

to agriculture (21.2%), followed by agriculture to open water (13.5%), agriculture to wetlands 

(11.3%), grassland/shrub to open water (8.0%), grassland/shrub to wetlands (4.5%), forest to 

grassland/shrub (3.9%), wetlands to grassland/shrub (2.7%), wetlands to open water (1.9%), 
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wetlands to agriculture (1.9%), agriculture to urban (1.7%), grassland/shrub to forest. All other 

changes accounted for less than 1% of the total change area. 

59-mile District - Dixon et al. 2010 

Dixon et al. (2010) concluded that the land cover composition of the Missouri River floodplain 

changed dramatically from 1892 to 2006 in segment 10 (coinciding with the 59-mile district of 

MNRR). This composition change included large decreases in grassland and sandbar land cover 

classes and large increases in the cropland land cover class. There were also moderate decreases 

in forest and shrub land cover classes and increases in urban areas (Figure 3, Plate 1). 

 

Figure 3. Historic changes in relative coverage of major land cover classes on segment 10 (flood plain 
surrounding the 59-mile district) (Dixon et al. 2010). Reproduced with permission by Mark Dixon.  

59-mile District - NLCD 

The NLCD categorized recent change land cover in a 1992 to 2001 change product 

(Fry et al. 2009). After clipping this data to the boundaries of the 59-mile district, 843 

ha (2,082 acres) were classified as changed from one LCLU class to another. The 

majority of the change that occurred in the 59-mile District was categorized as 

agriculture to open water (56%), followed by open water to barren (25%) and open 

water to wetlands (12%). However, open water to agriculture accounted for 

approximately 3% of the change and open water to grassland/shrub approximately 

2% of the detected change. Refer to Appendix A for a table displaying the area and 

the composition of each LCLU class. 
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39-mile District - Dixon et al. 2010 

Historic changes of land cover in segment 8 (39-mile districtôs historic floodplain) from 1892 to 

2006 were less dramatic than in segment 10 (59-mile districtôs historic floodplain), with only a 

16% loss of forest. However, a high conversion rate of grassland to cropland was observed in the 

first half of the 20th century (about 96% of grasslands in the 39-mile District were lost over that 

duration) (Dixon et al. 2010). Dixon et al. (2010) also found that the amount of sandbar habitat 

declined precipitously, and now comprises less than 1% of the landscape. In addition, the relative 

percentage of area classified as river (open water) area increased, and cropland area dramatically 

increased from 1892 to the 1950s, then decreased from the 1950s to 2006 (Figure 4, Plate 2, 

Dixon et al. 2010). 

 

Figure 4. Historic changes in relative coverage of major land cover classes on segment 8 (Fort Randall 
Dam to downstream of Niobrara delta). Reproduced from Dixon et al. (2010). 

39-mile District - NLCD 

The NLCD 1992/2001 change dataset indicates a total area of 1,009 ha (2,494 acres) 

changed in 39-mile District boundaries (Plate 2). In the 39-mile district there were a 

larger number of change categories than in the 59-mile district. The primary 

categories were wetlands to open water (33%), agriculture to open water (20%), 

grassland/shrub to wetlands (17%), and agriculture to grassland/shrub (10%). Other 

categories of change include agriculture to wetlands (6%), open water to wetlands 

(5%), grassland/shrub to open water (4%), and open water to barren (2%). All other 

change categorizations accounted for one percent or less of the total change area; 

refer to Appendix A. 
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Threats and Stressor Factors 

MNRR staff identify the following stressors to land cover: invasive and non-native vegetation, 

flow regulation, human development (residential and agricultural), and bank stabilization. 

While invasive plants may not necessarily cause a shift in land cover such that it would justify a 

change of a designated land cover class, invasive and non-native plant species are important 

factors in landscape dynamics. Invasive plants displace native species, degrading the integrity 

and diversity of native plant communities. The primary non-native invasive plants of concern at 

MNRR include purple loosestrife (Lythrum salicaria), tamarisk (Tamarix sp.), leafy spurge 

(Euphorbia esula), Canada thistle (Cirsium arvense), plumeless thistle (Carduus acanthoides), 

bull thistle (Cirsium vulgare), musk thistle (Carduus nutans), Russian olive (Elaeagnus 

angustifolia), common reed (Phragmites australis subsp. australis), and spotted knapweed 

(Centaurea maculosa) (NPS 2005). All of these species (except for Russian olive) are considered 

noxious weeds by either Nebraska, South Dakota, or by both states.  

Some plant species, though native, exhibit aggressive spread and increases in abundance which 

displace desirable native species. The plantôs spread and success is often due to an alteration in a 

natural process such as loss of wildfire. Eastern red cedar  provides an example of a native that 

has exhibited invasive spread in some of MNRRôs landscape. This native tree has increased in 

abundance, expanded into prairies, filled in the gaps between trees in savannas, and replaced 

native understory vegetation in areas such as upland bur oak  forests and woodlands. This is due 

in part to the absence of frequent, low-intensity fires. Also, eastern red cedar was promoted for 

conservation purposes outside their original habitat (Ganguli et al. 2008). Both South Dakota and 

Nebraska distributed thousands of red cedars for windbreaks, wildlife habitat, and Conservation 

Reserve Program plantings for 43 years in South Dakota and 76 years in Nebraska. Wildfires 

once controlled cedars by burning seedlings, and in larger trees the lower branches created ladder 

fuels which often allowed the entire tree to burn (Ganguli et al. 2008). In MNRR, cedars have 

also invaded cottonwood forests within the historic floodplain. Because of changes in the river 

flows through flow regulation by the system of dams, the water table in these forests is low 

enough for cedars to thrive, changing the species composition and stand structure. 

Management of non-native invasive plants in MNRR is shared by many different partners, 

including five counties in South Dakota and four in Nebraska (NPS 2005). The South 

Dakota/Nebraska Purple Loosestrife Association has coordinated federal, state, tribal, and 

private landowners to treat purple loosestrife infestations. The Northeast Nebraska Weed 

Management Area includes all major landowner types in plant management and treatment (NPS 

2005). Property owners conduct most of the exotic plant management and treatment on non-NPS 

lands, while the NPS manages the 250 acres it owns and participates with other partnerships 

(NPS 2005). Depending on the invasive plant species targeted for management in MNRR, one or 

many of a combination of treatments are employed (e.g., mechanical, biological, fire, and 

chemical). The Exotic Plant Management Team (EPMT) and MNRR staff began mapping 

invasive plant infestations using GPS units in 2004 (NPS 2005). 

Flow regulation has created lasting effects on riparian and aquatic habitats in MNRR. Flow 

regulation causes interruption of several natural biological and physical processes and has direct 

and indirect effects on riparian vegetation. Most notably, the riparian ecosystem along the 

Missouri River has seen a reduction in the amount of sandbar habitat (Dixon et al. 2010), a 
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reduction in the recruitment of cottonwoods (Johnson et al. 1976), a reduction in radial growth of 

most tree species (Johnson et al. 1976), and changes in species composition of riparian forests 

(Dixon et al. 2010), ultimately leading to ñdramatically altered future forest composition, 

structure, and productivityò (Johnson 1992). More detailed discussions of flow regulation effects 

are discussed in Chapter 4.2 and 4.3. 

Each year, development converts riverfront land to recreational cabin developments, including 

the construction of both permanent and seasonal residences. Development in the 59-mile district 

exists on both the South Dakota and Nebraska shores, while in the 39-mile district most 

development occurs along the Nebraska shore (Weeks et al. 2005).  

Bank stabilization can be considered a stressor to land cover because bank stabilization features 

are installed to protect developed lands and structures. Existing structures also allow for 

undeveloped land to be developed along the river. Areas with stabilized banks are attractive to 

developers and the expansion of existing features can create more opportunities for further 

development. They also contribute to reducing the meandering rate of the river and thereby alter 

land cover dynamics (e.g., the continuous change over time between open water, barren 

(sandbars), and vegetated sandbars and riparian areas). Bank stabilization is discussed in greater 

detail in the erosional and depositional processes component in Chapter 4.2. 

Data Needs/Gaps 

Current LCLU estimates in the Niobrara River and Verdigre Creek sections of 39-mile district in 

MNRR are only available on a coarse scale (30 meter cell resolution) offered by the NLCD 

(2001) data or by a Niobrara River watershed LCLU classification using Landsat Enhanced 

Thematic Mapper (ETM) satellite imagery. Despite being relatively coarse resolution, the NLCD 

data provides consistent and comparable data in their 1992/2001 NLCD change dataset. NLCD 

information was chosen for comparability across all portions of MNRR, as finer resolution data 

is not currently available. However, Stevens et al. (2010) created a vegetation inventory study 

plan for MNRR, which includes vegetation mapping within the park boundaries and possibly 

includes minor areas of interest outside boundaries and excludes minor areas not of interest 

within the boundaries. The authors suggest that, for example, in some cases the park boundaries 

do not include areas of high interest such as non-wooded wetlands, and include areas of 

relatively low natural value such as residential and agricultural areas. If the study goes forward, 

the authors of the study plan expect to map approximately 50 different vegetation types within 

MNRR, several of which may include semi-natural types where natural communities have been 

invaded by non-native plants but remain discernable. They also will map Level I and II land use 

types, based on the Anderson Land Use and Land Cover Classification system in Anderson et al. 

(1976). The results of this work will create a more detailed understanding of current land cover, 

and when comparing this to legacy datasets, additional land cover changes may be identified 

within park boundaries. 

The 2006 NLCD and the 2001/2006 NLCD change products have recently become available but 

are considered provisional products to date. In the future, this will provide more up-to-date 

information regarding the status of LCLU in MNRR.  
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Overall Condition 

 

Figure 5. Land Cover and Land Use condition graphic. 

Dixon et al. (2010) found the combined area of forests, woodlands, and shrublands in the historic 

Missouri River floodplain declined 47% from 1892 to 2006. Although both districts in MNRR 

represent unique stretches of the Missouri River, Dixon et al.(2010) data indicate similar changes 

in land cover from 1892 to 2006-2008 in the floodplain surrounding MNRR. The 59-mile 

districtôs floodplain experienced significant declines in forest, grassland and sandbar habitats. 

Sandbar loss may be attributable to forest succession and to the lack of overbank flooding, 

channel meandering, and bed degradation, whereas the loss of forest and grassland was due 

primarily to large amounts of land being converted to agriculture from 1892 to 2006. The 

associated Missouri River flows for each of the aerial photographs are not discussed in Dixon et 

al. (2010), and, therefore, some of the composition of areas such as open water, sandbars, shrub, 

and forest lands could vary between photographs and years. However, the percent composition 

of land classified as agriculture increased from less than one percent of the floodplain in 1892 to 

more than 76 percent today. In addition, steady increases in the percent composition and total 

area of the ñurbanò classification (e.g., towns such as Yankton, SD and Vermillion, SD) indicate 

this as another trend in the change of LCLU over this period of time.  

In addition to direct conversion of land to agricultural production and other human uses (e.g. 

urban, industrial, and residential development), flow regulation by upstream dams has altered the 

flow and sediment regimes in both districts of MNRR. Bank stabilization features currently exist 

on more than one third of the linear miles of river bank within the boundaries of MNRR, 

contributing to the disruption of a naturally dynamic river and floodplain. These main factors 

have helped to alter the natural riparian vegetation succession and disturbance regimes and 

reduce the area of off-channel (backwater) habitats in MNRR. Dixon et al. (2010) noted 

significant recruitment of cottonwood and willow along the 59-mile district of MNRR since the 

closure of the Gavins Point Dam in 1956. Young cottonwood stands would likely be lumped in 

the Anderson Level 1 classification ñgrassland/shrubò and as they mature the stands would be 

lumped into the ñforestò classification. The authors also note that the flood of 1952 resulted in 

considerable sediment transport and bar formation just prior to dam closure. Also a large flood in 

1997 moved sediment and created sandbars. Since the Gavins Point Dam closure, these flood 

events have contributed to the changes of land cover along the Missouri River in the 59-mile 

district. In the 39-mile district, land cover has also been affected by the alteration of the river 

through dam installation and continued flow regulation. Aggradation has occurred in the lower 

part of the district where the Niobrara and other sources have contributed sediment inputs. These 

Measures Reference Condition Condition

Land cover/use distribution Pre-exotics and invasives 

Ownership pattern Pre-exotics and invasives 

Dynamics Pre-exotics and invasives 
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sediment inputs have formed a delta. In addition, the Missouri River, in approximately the upper 

one third of the 39-mile district, has experienced degradation. Yager (2010) found a 64.6% 

overall decrease in the area of off-channel habitats in 2008 compared with estimates from 1941 

(pre-dam) in the 59-mile district. Aquatic habitats are not typically categorized in broad LCLU 

classifications other than broad open water classifications and therefore are addressed separately 

in the aquatic and terrestrial habitats section (Chapter 4.4). 

The NLCD 1992/2001 change data indicate an expansion in the area of open water in both 

districts of MNRR. Some of this may be attributed to bed aggregation and subsequently rising 

water levels; however, the flow levels for the two satellite images may have been quite different. 

Therefore, the classified changes are not conclusive. Interestingly, a sizeable portion of the 

change detected in the 59-mile district was a conversion of open water to barren. This may be 

reflecting the creation of artificial sandbar habitat and the natural shifting of existing sandbars in 

the Missouri River. Very little change in areas classified as urban were indicated by the data in 

both districts. 

Invasive and non-native plant species alter native plant community composition and structure 

and degrade their integrity and diversity (NPS 2010c). MNRR and the EPMT currently target 

about eight non-native species, several of which are also identified as state (Nebraska and/or 

South Dakota) noxious weeds. Exotic plant management has collected GPS locations of non-

native invasive plants through inventory and control efforts, focusing primarily in the Bow Creek 

and Mulberry Bend properties, and on a large island referred to as Goat Island a few kilometers 

downstream from the Bow Creek property. Information regarding invasive species abundance 

and location are unavailable for other adjacent lands. Therefore, information on invasive plants 

and their effects on native plant community composition and structure across MNRR as a whole 

is lacking. 

The two remnant free-flowing reaches (regulated by dam releases), the 39-mile and 59-mile 

districts, of the Missouri River in MNRR are bordered by homes, communities, tribal lands 

(Ponca, Santee Sioux, and Yankton Sioux), federal (e.g., Karl Mundt National Wildlife Refuge 

and Gavins Point and Fort Randall Projects), state, and community parklands, and recreational 

facilities (Weeks et al. 2005). The majority of lands within the park boundaries are privately 

owned. MNRR categorizes approximately one quarter of the land area within the park 

boundaries as ñprotected lands.ò In addition to providing protection from human development, 

protected lands offer a more immediate potential for restoration efforts. The Bow Creek property 

provides an opportunity for direct management efforts in restoring native plant communities and 

land cover of the property. Because the land is under NPS ownership it may require less time and 

effort devoted to coordination with various stakeholders as would non-NPS lands. Recent 

management efforts on this tract have reduced the abundance of eastern red cedars and a 

prescribed burn in 2009 has reintroduced fire to this landscape. However, this land represents 

less than half of one percent of the total area in MNRR. Therefore, broad and cooperative 

restoration efforts with multiple stakeholders, including private landowners, are important for 

ecologically positive landscape-scale changes. 

The lasting effects of the Missouri River dams and their continued operation have created 

measureable, broad-scale changes, both direct and indirect, to LCLU across the historic 

floodplain of MNRR. Also, the conversion of land from native plant communities, generally 
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grasslands, riparian shrublands and forests, upland forests, and herbaceous wetlands, to human 

uses such as agricultural production, industrial sites, urban areas, and cabins and other residential 

development, in the historic floodplain represent very significant changes. Together the dam 

effects and land conversion broadly represent a loss of floodplain habitat. In addition, with the 

urbanization and conversion of land has come the introduction and spread of invasive non-native 

and native plant species. The prevalence of bank stabilization features affect riparian habitat 

formation processes, promoting a further disconnect of the river to its floodplain and ultimately 

leading to broad-scale landscape changes measureable by LCLU mapping. Compared to the 

reference condition of what is known of LCLU (circa late 1800s), present day LCLU distribution 

in and surrounding MNRR represents a moderate concern (Figure 5). However,  contemporary 

land conversion has decreased in scale and land cover change now appears to be driven primarily 

by changes in species composition due to altered river processes and non-native flora expansion. 

Overall, the condition of LCLU distribution is stable. Much of the land area within MNRR is in 

private ownership and therefore subject to potential development and land use alteration, this is a 

moderate concern for MNRR. However, trends in land conservation appear stable. Finally, land 

cover dynamics (i.e., natural factors andprocesses that drive river geopmorphology and 

vegetation succession) are disrupted due to the effects of flow regulation, channel armoring, 

bank stabilization, land use, and non-native invasive plant species expansion. Therefore natural 

land cover dynamics are a moderate concern for MNRR. In addition, negative effects of the 

distrupted processes appear to be continuing as older forests and trees die off and younger trees 

are not replacing them as quickly, species compositions are continually being altered, and the 

cumulative effects of aggredation and deposition within areas of the Missouri River and the delta 

of the Niobrara River continue to change in response to flow regulation and other man-made 

alterations to the area. 

Sources of Expertise 

Lisa Yager, MNRR biologist, NPS 

Mark Dixon, Assistant Professor, Biology Dept., University of South Dakota. 
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Plate 1. Land cover change associated with the 59-mile district of MNRR (segment 10 in Dixon et al. 
2010), based on GIS analysis of 1892 Missouri River Commission maps and aerial photography from 
1955-56, 1983-85, and 2006. Pink (other) in 1892 map indicates undefined land cover in 1892 Missouri 
River Commission maps (Dixon et al. 2010).  
















































































































































































































































































































































































































































































































































































































