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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). 
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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).  
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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.  



 

44 

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).  
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Plate 2. Land cover change associated with the 39-mile district of MNRR and Lewis and Clark Lake 
(segment 8-9), based on GIS analysis of 1892 Missouri River Commission maps and aerial photography 
from 1955-56, and 2006. Pink in 1892 map indicates undefined land cover in 1892 Missouri River 
Commission maps (Dixon et al. 2010). 
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Plate 3. Land cover within a 30 km (18.6 mile) buffer of MNRR. (NPS IMD 2009). 
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Plate 4. Stewardship lands in the 59-mile district of MNRR (NPS 2009a ). 
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Plate 5. Stewardship lands in the 39-mile district of MNRR (NPS 2009a). 
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4.2 Erosional and Depositional Processes 

Description 

The Missouri River flows 3,346 km (2,135 mi) through seven states from Three Forks, Montana 

to St. Louis, Missouri. In addition, the Missouri Riverôs watershed is larger than the Mississippi 

River watershed above its confluence. From the 1600s to the 1700s, the Missouri River 

facilitated trading and colonization. In the early to mid-1800s, steamboats on the river supported 

human migration and settlement. After the turn of the 20
th
 century, navigation, irrigation, and 

hydroelectric power became the foundation of local river communities. 

Major floods damaged homes, farmlands, and population centers in 1844, 1881, 1903, 1908, 

1915, 1927, 1937, 1947, and 1952. These floods demonstrated the tremendous power of the river 

and led to recognition of how important flood control was to limit future destruction. As a result, 

seven dams were constructed to aid in flood control, navigation, hydroelectric power generation, 

and public water supply (Siouxland Interstate 1977, Jacobson et al. 2009). The seven reservoirs 

constructed between 1937 and 1963 on the mainstem of the Missouri River make up the largest 

reservoir system in North America. 

The Missouri River is a complex ecosystem where fluvial geomorphic processes shape terrestrial 

and biotic ecological interactions (Petts and Gurnell 2005). The Missouri River has been 

modified by human activities for social, economic, and environmental concerns (NRC 2002,). 

Activities on the Missouri River related to dam construction, flood control, navigation, power 

generation, bank stabilization, and water supply have altered the riverôs fluvial dynamics and 

ecosystem (Stanford et al. 1996, Petts and Gurnell 2005). Activities began as early as 1824 when 

Congress appropriated funds to the USACE to remove large tree snags and other obstacles in the 

Missouri River channel (NRC 2002). 

Flow regulation is perhaps the most pervasive change wrought by humans on rivers world-wide 

(Stanford et al. 1996); this is particularly true for the Missouri River. The Upper Missouri River 

(the portion of the river flowing through Montana, South Dakota, North Dakota, and Nebraska) 

has undergone flow regime changes since dam construction (Graf 2006, Jacobson and Galat 

2008). Modifications to the flow regime have altered the erosional and depositional 

characteristics of the Missouri River (Petts and Gurnell 2005) and have impacted floodplains, 

chutes, islands, sandbars, and the main channel (Graf 2006). 

Dams on the Missouri River affect downstream fluvial dynamics which alter overall stream 

ecology. Dam construction interrupts, alters, or eliminates river processes that help to determine 

the geomorphology and ecology of a river (Stanford et al. 1996, USGS 2000,  Ward et al. 2001, 

Petts and Gurnell 2005, Graf 2006).  

¶ Large dams can reduce peak flows, increase low flows, and alter the timing and duration 

of peak and low flows (Stanford et al. 1996, Graf 2006); 

¶ Dams can isolate all, or a significant amount of the sediment load delivered from 

upstream sources (Petts and Gurnell 2005); 

¶ Sediment trapping in reservoirs behind dams causes an imbalance between sediment 

transport capacity and sediment supply (Watson et al. 2002); 
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¶ Clear water releases from dams cause downstream channel degradation or incision 

(USGS 2000, Petts and Gurnell 2005) and channel armoring (Schumm 2005). 

The historic pre-dam channel and floodplain of the Missouri River frequently exceeded 2,000 

meters in width (in 1941, the widest portion of the 59-mile segment was 2,717 m), while the 

current channel/floodplain is much narrower (in 1999, the widest portion of the 59-mile segment 

was 1,686 m) (NRC 2002, Elliot and Jacobson 2006). Compared to historical conditions, the 

Missouri River is incised and dam releases no longer inundate the former floodplain (NRC 

2002). Bank erosion, channel migration rates, the extent of vegetated islands, and the distribution 

of sandbars have all significantly changed in MNRR (NRC 2002, Elliot and Jacobson 2006). 

Due to post-dam conditions, the Missouri River is evolving new channel morphology that will 

continue until the river achieves dynamic equilibrium (USACE 2008). Dynamic equilibrium can 

be thought of as a balance between sediment supply and sediment transporting capacity (Leopold 

et al. Schumm 1977, Simon and Rinaldi 2006). The morphologic adjustment of the Missouri 

River channel below dams includes  

¶ Incision; 

¶ Evolution of the incised channel through channel widening and establishment of a new 

floodplain within the widened channel; 

¶ The former floodplain becoming a terrace (Schumm et al. 1984, Petts and Gurnell 2005, 

Simon and Rinaldi 2006, Figure 6):. 

 

Figure 6. Incised channel evolution. Stages of channel evolution (Simon and Rinaldi 2006, modified from 
Simon and Hupp 1986). 
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Measures 

¶ Channel elevation  

¶ Sediment transport and deposition 

¶ Bank erosion and channel migration  

¶ Island and sandbar development 

¶ Amount, areal extent, and mean particle size (D50) of armored streambed 

Reference Conditions/Values 

The reference condition is defined as the conditions that existed prior to construction and closure 

of the Spencer Dam in 1927, the Fort Randall Dam in 1954, and the Gavins Point Dam in 1957. 

Data and Methods 

Most information regarding erosional and depositional processes was collected and analyzed by 

external agencies. Beidenharn et al. (2001), Elliot and Jacobson (2006), and USACE (1998, 

2007, 2008, 2010) for example, were major sources of information for this document. These 

sources documented significant erosional and depositional change from the late 1800s to recent 

times. 

Current Condition and Trend 

Channel Elevation  

The channel elevation reference condition, for both the Fort Randall and Gavins Point Dams, is 

the 1955 water surface elevation when the dam tailwater is at 10,000 cubic feet per second (cfs) 

(USACE 2007). For Fort Randall, reference condition is a water surface elevation of 377 m 

(1,236 ft). The Gavins Point Dam reference condition is a water surface elevation of 355 m 

(1,164 ft) (USACE 2007). Table 13 identifies the 10,000 cfs water surface elevation in 1955 and 

in 2006 for the Fort Randall and Gavins Point Dam tailwaters. Appendix B displays the trends in 

tailwater elevation overtime for the Fort Randall and Gavins Point reaches of the Missouri River. 

Table 13. Fort Randall Dam and Gavins Point Dam tailwater surface elevation, 1955 and 2006 (USACE 
2007) 

Missouri River Location 
1955 Water Surface Elevation at  

10,000 cfs (in meters) 
2006 Water Surface Elevation at  

10,000 cfs (in meters) 

Fort Randall Dam tailwater 377  375  

Gavins Point Dam tailwater 355 351  

In 2006, the water surface elevation (at 10,000 cfs) for the Fort Randall tailwater was 375 m 

(1,229 ft), 2.1 m (7.0 ft) below the 1955 reference condition (Table 13). The Gavins Point Dam 

tailwater (at 10,000 cfs) had a 2006 water surface elevation of 351 m (1,153 ft), 3.3 m (11 ft) 

below the 1955 reference condition (Table 13). 

Channel elevation is influenced largely by streambed erosion and deposition rates. Streambed 

erosion and deposition rates for MNRR have been reported in Biedenharn et al. (2001) and 



 

58 

USACE (2008). These rates incorporated data from Pokrefke et al. (1998) and were estimated for 

geomorphic reaches based on measured cross-sectional and planform data (Biedenharn et al. 

2001, USACE 2008). Table 14 displays the values reported in these documents by river mile 

(RM 1960) and geomorphic reach (GR). Both the Fort Randall and Gavins Point reaches have 

experienced more bed erosion than bed deposition from 1974-1985, which may potentially 

explain the decrease in surface elevation of the reaches since 1955. 

Table 14. Streambed erosion and deposition rates below Fort Randall Dam and Gavins Point Dam. 

Location Biedenharn et al. 2001 (1975-1985) USACE 2008 (1975-1995)* 

Fort Randall Reach 
Bed 

Erosion 
(m

3
/yr) 

Bed Deposition (m
3
/yr) Bed Erosion (m

3
/yr) 

Bed Deposition 
(m

3
/yr) 

RM 879.3-873.9 
(GR1) 

-95,378 
 

-173,552 
 

RM 873.9-867.5 
(GR2) 

-52,559 26,676 -111,446 
 

RM 867.5-861.7 
(GR3) 

-161,949 15,223 
 

16,455 

RM 861.7-854.5 
(GR4) 

-127,096 5,161 
 

129,664 

RM 854.5-851.0 
(GR5) 

0 1,185 
 

79,005 

RM 851.0-844.2 
(GR6) 

-138,901 134,812 
 

84,186 

 
Biedenharn et al. 2001 (1974-1986) USACE 2008 (1974-1994) 

Gavins Point Reach 
Bed 

Erosion 
(m

3
/yr) 

Bed Deposition (m
3
/yr) Bed Erosion (m

3
/yr) 

Bed Deposition 
(m

3
/yr) 

RM 811-796 (GR1) -343,540 10,835 -331,192 
 

RM 795-776.2 (GR2) -569,242 95,341 -64,770 
 

RM 776.2-764.7 
(GR3) 

-361,611 54,843 -1,082,326 
 

RM 764.7-753 (GR4) -589,490 105,843 -185,172   

*USACE 2008 uses net values. 

Channel elevation is not degrading in all reaches of the river, however. From 1955-1985 in the 

Fort Randall reach (near the mouth of Ponca Creek), the Missouri River stream bed aggraded 

about 1 m (3.5 ft). Near the Niobrara River delta, the Missouri River aggraded about 1.2 m (4.0 

ft) (USACE 1998). Total aggradation from 1955-1995 for the Missouri River streambed at Ponca 

Creek was 1.2 m (4.0 ft), and at the Niobrara River about 2.7 m (9 ft) (USACE 1998). Between 

1955 and 1995, the maximum aggradation (5.5 m) occurred in the Lewis and Clark Lake Delta 

area, about 11-18 km (7-11 mi) below Springfield, SD between RM 825-821 (USACE 1998). 

The upper portion of the Fort Randall reach (a 12.5 mile stretch extending from just below Fort 

Randall Dam to the vicinity of GR3) exhibits degradational tendencies (Biedenharn et al. 2001); 

the downstream portion of the reach transitions from dynamic equilibrium (at GR3) to slight 
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aggradation (near the Lewis and Clark Lake delta area) (Biedenharn et al. 2001, USACE 2008). 

The entire Gavins Point reach is in a degradational trend and has not yet attained an equilibrium 

condition (Biedenharn et al. 2001). 

The Fort Randall reach aggradation zone is receiving more sediment than is eroding from the 

upstream banks and bed, and tributary sources are likely supplying this sediment (USACE 2008). 

USACE (2008) suggests that the Fort Randall reach ñtransitionò zone (a region transitioning 

from degradation to aggradation) has moved from GR 4 to GR 3 (Dangberg et al. 1988, as cited 

by USACE 2008). The stream channel is degrading in the entire Gavins Point reach (Table 14). 

Bank Erosion 

Bank erosion is the scouring of material and the cutting of channel banks by flowing water or by 

mass failure. The USACE defines bank erosion as areal surface loss in acres of usable or 

productive land along the river banks. Annual areal rates of bank erosion have been reported for 

the Missouri River below the Fort Randall and Gavins Point Dams for both pre and post-dam 

periods (USACE 2006a, Elliot and Jacobson 2006, USACE 2010) (Table 15). Table 15 gives an 

approximation of reference condition (pre-dam) and current condition (post-dam). 

Table 15. Areal extent per year of pre-dam and post-dam streambank erosion downstream of Fort 
Randall Dam and Gavins Point Dam. 

Missouri River 
Location 

Elliot and Jacobson 2006 USACE 2006 
USACE Draft Cottonwood 

Management Plan PEA 
2010 

 
Pre-dam Post-dam Pre-dam Post-dam Pre-dam Post-dam 

Fort Randall Dam to 
Niobrara, NE 

60 ha/yr 10 ha/yr 54 ha/yr 14 ha/yr 54 ha/yr 16 ha/yr 

148 ac/yr 25 ac/yr 135 ac/yr 35 ac/yr 135 ac/yr 40 ac/yr 

       

  
Pre-dam Post-dam Pre-dam Post-dam Pre-dam Post-dam 

Gavins Point Dam to 
Ponca, NE 

80 ha/yr 50 ha/yr 81 ha/yr 54 ha/yr 81 ha/yr 64 ha/yr 

198 ac/yr 124 ac/yr 202 ac/yr 134 ac/yr 202 ac/yr 157 ac/yr 

            

Comparison of pre-dam bank erosion rates to post-dam erosion rates is problematic because the 

regulated flow regime eliminates geomorphically effective floods that caused extensive bank 

erosion, channel migration, and erosion and creation of islands and sandbars; although record 

releases in 2011 may provide similar processes and results, they will not equal pre-dam channel 

migration or habitat turnover. Estimates of pre-dam bank erosion did not include deposition, 

which in an equilibrated system maintains, on average, a constant channel cross-section with 

deposition on one bank while the other bank erodes (Leopold et al. 1964). 
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Overall, rates of bank erosion were higher in the pre-dam era (Table 15). For the Fort Randall 

reach, the post-dam bank erosion rates were less than pre-dam rates by 70% (USACE 2010a), 

83% (Elliot and Jacobson 2006), and 74% (USACE 2006a). For the Gavins Point reach, the post-

dam bank erosion rates were less than pre-dam rates by 22% (USACE 2010a), 38% (Elliot and 

Jacobson 2006), and 35% (USACE 2006a). 

Biedenharn et al. (2001) also calculated volumetric bank erosion rates based on interpretation of 

bank lines from aerial photography, estimated bank height from field reconnaissance, and 

available cross-sectional data from 1976-1998 (Table 16). Four reaches of the Missouri River 

were analyzed in this study, and with an average annual bank erosion of roughly 

28,000m
3
/yr/km, Gavins Point reach had the highest bank erosion rates per kilometer of any of 

the study sites (Table 16) (Biedenharn et al. 2001). 

Table 16. Volumetric bank erosion rates by geomorphic reach for Ft. Randall and Gavins Point reaches 
(Biedenharn et al. 2001). 

Gavins Point Reach Bank Erosion 1977-1998 

Segment or reach 
Total left bank 
erosion (m

3
) 

Total right bank 
erosion (m

3
) 

Annual 
volume (m

3
) 

Annual volume/km 
(m

3
/yr/km) 

RM 811-796 (GR1) 2,925,063 5,145,819 366,858 15,200 

RM 795-776.2 (GR2) 7,393,556 9,599,230 772,399 25,266 

RM 776.2-764.7 (GR3) 5,706,287 11,028,291 760,663 42,978 

RM 764.7-753 (GR4) 3,878,527 9,371,188 602,260 34,028 

Total 19,903,433 35,144,528 2,502,180 27,770 

Fort Randall Reach Bank Erosion 1976-1998 

Segment or reach 
Total left bank 
erosion (m

3
) 

Total right bank 
erosion (m

3
 

Annual 
volume (m

3
) 

Annual volume/km 
(m

3
/yr/km) 

RM 879.3-873.9 (GR1) 1,528,102 814,002 106,459 11,027 

RM 873.9-867.5 (GR2) 1,463,281 362,211 82,977 10,314 

RM 867.5-861.7 (GR3) 1,655,688 2,517,367 189,684 23,578 

RM 861.7-854.5 (GR4) 890,417 1,112,884 91,059 9,432 

RM 854.5-851.0 (GR5) 436,569 561,724 45,377 14,101 

RM 851.0-844.2 (GR6) 1,773,850 2,746,093 205,452 18,241 

Total 7,747,908 8,114,281 721,009 14,455 

Previous data presented in USACE (1998a) and available cross-sectional data from 1974-1995 

was used in USACE (2008) to calculate volumetric bank erosion rates (Table 17). While this 

study aimed to capture the same measures as the Biedenharn (2001) study (i.e., volumetric bank 

erosion rates), the results presented are very different (Table 18). 
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Table 17. Volumetric bank erosion rates by geomorphic reach for Fort Randall and Gavins Point reaches 
(USACE 2008). 

Gavins Point Reach Bank Erosion 1974-1994 

Segment or reach Total bank erosion (m
3
) Annual volume/km (m

3
/yr/km) 

RM 811-796 (GR1) -13,839,758 -57,486 

RM 795-776.2 (GR2) -20,197,905 -55,953 

RM 776.2-764.7 (GR3) -21,759,997 -132,600 

RM 764.7-753 (GR4) -20,355,545 -118,037 

Total -76,153,205 -364,076 

Fort Randall Reach Bank Erosion 1975-1995 

Segment or reach Total bank erosion (m
3
) Annual volume/km (m

3
/yr/km) 

RM 879.3-873.9 (GR1) -1,539,369 -16,096 

RM 873.9-867.5 (GR2) -665,468 -6,132 

RM 867.5-861.7 (GR3) -1,659,784 -17,629 

RM 861.7-854.5 (GR4) 2,060,422 17,629 

RM 854.5-851.0 (GR5) 1,446,267 26,060 

RM 851.0-844.2 (GR6) 1,113,841 9,964 

Total 755,882 13,796 

Table 18. Total volumetric bank erosion rates (volume per year per kilometer) for the Fort Randall and 
Gavins Point Reaches (Biedenharn et al. 2001, USACE 2008). 

Study 
Dates for 
Study Data  

Gavins Point Reach Fort Randall Reach 

m
3
 m

3
/yr/km m

3
 m

3
/yr/km 

USACE 2010 1974-1995 -76,153,205 -364,076 755,882 13,796 

Biedenharn et al. 2001 1976-1998 -2,502,180 -27,770 -721,009 -14,455 

The USACE (2008) values presented in Table 18 include both deposition and erosion; the 

Biedenharn et al. (2001) values represent bank erosion only. In addition, Beidenharn et al. (2001) 

estimated bank heights and used available surveyed cross-sectional data, whereas USACE (2008) 

used only surveyed cross-sectional data in their calculations, extrapolating bank height through 

each reach. Because of varying definitions of bankline, differing methods of erosion detection 

and data collection, and differing periods of data collection, it is difficult to compare erosion 

rates directly (Elliot and Jacobson 2006). 

Elliot and Jacobson (2006) calculated areal rate of bank erosion based on interpretation of bank 

lines from aerial photography and available cross-sectional data. Table 19 displays the post-dam, 

areal bank erosion rate from 1993-2004, as reported in Elliot and Jacobson (2006).  



 

62 

Table 19. Areal bank erosion rate for Fort Randall and Gavins Point reaches (Elliot and Jacobson 2006). 

Total Erosion Area and Rate - Gavins Point Reach - 1993-2004 

 
Total Erosion 

Area (ha) 
Total Erosion 

Area m/m
1
 

Erosion Rate  
(ha/yr) 

Erosion Rate 
(m/m/yr) 

Bank Erosion Rate 206 22.08 19 2.01 

Mean Bank 

  
16 1.76 

Erosion Rate 

Total Erosion Area and Rate - Fort Randall Reach - 1993-2003 

 

Total Erosion 
Area (ha) 

Total Erosion 
Area m/m

1
 

Erosion Rate 
(ha/yr) 

Erosion Rate 
(m/m/yr) 

Bank Erosion Rate 5.7 0.99 0.6 0.1 

Mean Bank 

  
0.5 0.09 

Erosion Rate 

Gavins Point reach lateral bank erosion and approximate locations (River Mile in 1960) were 

estimated from Elliot and Jacobson (2006) which displays square meters of bank erosion per 200 

meters of longitudinal channel centerline by river mile (RM 1960) (Figure 7). 
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Figure 7. Erosion per 200 m of longitudinal channel by centerline for the 1993-2004 period in the 39-mile 
and 59-mile Missouri River segments. Bank revetment and banks within 50 m of bedrock exposures are 
also indicated. The left and right bank refer to the river left and river right banks when facing downstream. 
Reproduced from Elliot and Jacobson (2006). 

Channel Migration 

Channel migration is the movement of a stream channel across a floodplain or other surface 

(such as bedrock) through the processes of bank erosion, deposition, or avulsion (Dunne and 

Leopold 1978). A meandering stream will migrate from one side of a floodplain valley to the 
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other (Schumm 1977). Historically, the Missouri River was described as a meandering river; 

from 1879 to 1930, over one-third of the riverôs floodplain was reworked along a 170 mile 

stretch from Glasgow, Missouri to St. Louis, Missouri (Schumm 1977). 

Elliot and Jacobson (2006) found that the channel in the 39-mile reach occupied nearly the same 

location from 1894 to present, and that the stream channel in the 59-mile reach had a dynamic 

history of channel change. This is supported by the present-day landscape of channel migration 

scars, oxbow lakes, and abandoned chutes on the former floodplain (Elliot and Jacobson 2006). 

During lateral migration, stream channel width may remain fairly constant due to deposition on 

the point bar (Leopold et al. 1964). The pre-regulation main channel width was variable, ranging 

from 300 to 3,000 m during normal flow periods to 7,620 to 10,668 m wide (including the 

floodplain) during floods (Schneiders 1999, as cited by NRC 2002). 

The pre-dam river was free to migrate across the entire valley. Elliot and Jacobson (2006) 

determined valley width from 1999 orthophotographs; the 39-mile free-flowing reach (above 

Lewis and Clark Lake delta) had a mean valley width of 2,377 m (7,798 ft), and the 59-mile 

mean valley width was 9,842 m (32,290 ft) (Figure 8, Figure 9). Table 20 displays mean and 

range of 1999 valley widths, and 1894 and 1999 channel widths (Elliot and Jacobson 2006). 

Valley width in 1999 is likely similar to pre-dam conditions (Macy, pers. comm., 2010). 
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Figure 8. Historical channel positions and floodplain topography in the 39-mile segment of MNRR from 
1894 to 1999 (Elliot and Jacobson 2006). 
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Figure 9. Historical channel positions on a portion of the 59-mile segment of MNRR from 1894 to 1999 
(Elliot and Jacobson 2006). 

Table 20. Mean and range of 1894 and 1999 channel widths and 1999 valley widths (Elliot and Jacobson 
2006). 

Reach 

Channel Width m(ft) Valley Width m(ft) 

1894 1999 1999 

39-mile free-flowing 

Mean 786 m (2,579 ft) 2,376 m (7,798 ft) 2,376 m (7,798 ft) 

Range 
269-1950 m (883-

6,398 ft) 
1,467-3090 m (4,813-

10,141 ft) 
1,467-3090 m (4,813-

10,141 ft) 

          

59-mile 
Mean 951 m (3,123 ft) 868 m (2,848 ft) 32,290 

Range 1,040-7,667  663-6,020 8,871-55,767 

Sinuosity is defined as the deviation of a stream between two points from the shortest possible 

path, and it is most often expressed as the ratio of channel length to valley length (Rosgen 1996). 

A straight channel pattern has low sinuosity compared to a meandering channel which has higher 

sinuosity (Leopold et al. 1964). The sinuosity of the 39-mile free flowing reach (above Lewis 

and Clark Lake delta) in 1894 was 1.09, while the sinuosity of the 59-mile reach in 1894 was 

1.20 (Table 21, Elliot and Jacobson 2006). The overall channel length of the Missouri River 

channel from Fort Randall Dam to RM 729 (near Sioux City, Iowa) was 256.9 km (159.6 mi).  
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Table 21. 1894 and 1999 39-mile and 59-mile reach sinuosity and channel length for the Fort Randall 
Dam to RM 729 segment (Elliot and Jacobson 2006). 

Year Sinuosity Channel Length (km) 

 

39-mile free flowing 
reach 

59-mile reach Fort Randall to RM 729 

1894 1.09 1.2 256.9 (159.6 mi) 

1999 1.04 1.1 235.9 (146.6 mi) 

The sinuosity of the 39-mile free-flowing reach (above Lewis and Clark Lake delta) in 1999 was 

1.04, and the sinuosity of the 59-mile reach was 1.10. These values were lower than the 1894 

sinuosity values by 0.05 and 0.1, respectively (Table 21). In the past 100 years, the overall 

channel length of the Missouri River channel from Fort Randall Dam to RM 729 has been 

reduced by 21 km (13 mi) from 257 km (159.6 mi) to 236 km (146.6 mi) (Table 21). 

Elliot and Jacobson (2006) identified little change in channel position for the 39-mile reach from 

1894 to 1999, while the 59-mile channel migration rates were higher in the pre-dam era than they 

are today. 

Sediment Transport and Deposition 

Sediment transport refers to the movement of solid, mineral, or organic material by flowing 

water from one location to another, either in suspension or as bed-load. Sediment may be 

deposited on the stream bed, stream banks, or on an accessible floodplain. 

The actual sediment transported and deposited in the 59-mile and 39-mile reaches of MNRR 

prior to the closure of the Fort Randall and Gavins Point Dams is unknown. NRC (2002) 

identified that sediment transported past Omaha, Nebraska ranged from 39 million metric tons in 

1931, to 228 million metric tons in 1944. Prior to closure of Gavins Point dam from 1940-1952, 

the average annual sediment load transported past Omaha was 148 million metric tons, and after 

1954 the average annual sediment load was reduced to 29,487,600 metric tons (Slizeski et al. 

1982, as cited by NRC 2002). 

Biedenharn et al. (2001) determined a sediment budget for the 39- and 59-mile reaches of the 

Missouri River using bank and stream bed erosion and deposition rates. The sediment budget is 

based on a grain size that represents the lower size limit of material found in appreciable 

quantities in the bed and habitat bars (Biedenharn et al. 2001). The sediment budget for the 39-

mile Fort Randall reach uses a grain size >0.16 mm, and in the 59-mile Gavins Point reach a 

grain size of >0.20 mm was used. Table 22 displays bank and bed deposition, as well as a 

sediment transport budget for the geomorphic reaches (GR) of the 39- and 59-mile portions of 

MNRR (Biedenharn et al. 2001). 
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Table 22. Bank and bed deposition and sediment transport budget (Biedenharn et al. 2001). 

Gavins Point 59-
mile Reach 

Deposition 
 (1974-1986) (m

3
/yr) 

Net Sediment 
Transport from 

Erosion & 
Deposition 

(m
3
/yr) 

Upstream 
Sediment 

Supply 
(m

3
/yr) 

Sediment 
Transport 

Budget 
(m

3
/yr) 

 

Bank Bed 
 

  RM 811-796 (GR1) 61,978 10,835 -463,017 -463,017 -463,017 

RM 796-776.2 (GR2) 95,554 95,341 -734,619 -1,197,636 -1,197,636 

RM 776-764.7 (GR3) 61,200 54,843 -884,753 -2,082,388 -2,082,388 

RM 764.7-753.9 
(GR4) 164,340 105,843 -730,458   -2,812,846 

Total 383,072 266,863 -2,812,846 
  

Fort Randall 39-mile  
Reach 

Deposition  
(1975-1985) (m

3
/yr) 

Net Sediment 
Transport from 

Erosion & 
Deposition 

(m
3
/yr) 

Upstream 
Sediment 

Supply 
(m

3
/yr) 

Sediment 
Transport 

Budget 
(m

3
/yr) 

 
Bank Bed 

 

  RM 879-873(GR1) 53 

 

-107,043 -107,043 -107,043 

RM 872-867 (GR2) 51,940 26,676 16,923 -90,120 -90,120 

RM 866-861 (GR3) 2,229 15,223 -165,375 -255,495 -255,495 

RM 860-854 (GR4) 5,161 22,130 -125,318 -380,813 -380,813 

RM 853-851 (GR5) 5,947 1,185 -5,582 -386,395 -386,395 

RM 850-843 (GR6) 69,616 134,812 16,186 

 

-370,210 

Total 134,946 200,026 -370,210 
  

(GR = geomorphic reach) 

The sediment budget for the Gavins Point reach revealed that the reach as a whole was in a 

degradational trend; an equilibrium condition had not yet been obtained for this reach of the 

Missouri River (Biedenharn et al. 2001). Both the Gavins Point and Fort Randall reaches had 

deposition on the stream banks and bed for the time-period studied by Biedenharn et al. (2001). 

At the same time, the erosion of the river bank and bed was greater than the rate of deposition, 

except in the Fort Randall 39-mile GR2 and GR6 (Table 22). USACE (2008) documented bed 

erosion and deposition from 1975-1995 (Table 14), with net deposition in GR 3-6. In both 

studies, the stream bed in the Gavins Point 59-mile reach continued to experience net erosion for 

the time periods investigated. 

Island and Sandbar Development 

Riverine islands are defined as discrete areas of woody riparian vegetation within river corridors. 

Sandbars are discrete areas composed primarily of sand within river corridors having only sparse 

plant cover, or are devoid of higher vegetation. 

Island formation requires (1) a natural flood regime, (2) a sediment source, (3) an unconstrained 

channel, and (4) a source of large woody debris (Ward et al. 2001, Ward et al. 2002, ). Acording 

to Osterkamp (1998), ñIslands [sand bars] form by long-term aggradational and sorting processes 

of coarse bed sediment or by redistribution of sand and gravel in streams with large bedload 
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fluxesò. Montgomery et al. (2003) states, ñWood can force the formation of barséand 

consequent sediment deposition.ò  

Sandbars form through depositional processes on the stream bed. Leopold et al. (1964) describe 

the importance of changes in bed configuration as a relationship of the changing form to flow 

resistance and sediment transport. In natural channels the change of bed configuration has a large 

effect on flow resistance (Leopold et al. 1964). Sediment caliber or grain size may help govern 

the nature, action, and form of the features built on the bed, which exert the greatest influence on 

flow resistance. On the whole, the downstream reduction in flow resistance, resulting from 

decrease in particle size, is partly compensated by other forms of flow resistance, particularly 

that offered by bars and channel bends (Leopold et al. 1964). The change of bed is a mechanism 

or process by which the interactions of hydraulic variables (width, depth, velocity, etc.) can 

readjust to promote and maintain a kind of equilibrium or steady-state condition in the open 

system represented by the water and sediment in the adjustable channel (Leopold et al. 1964). 

The number and area of bare sand bars is related to stage (discharge level) with greater amounts 

of bare sand bars exposed in the river corridor when the stage is low. High flow events are 

capable of creating new sand bars and scouring vegetation from existing low-lying bars (Elliot 

and Jacobson 2006). 

A natural sediment source is necessary for sandbar/island formation (Ward et al. 2001). Prior to 

closure of Gavins Point Dam (1940-1952), the average annual sediment load transported past 

Omaha, Nebraska was 148 million metric tons. After 1954, the average annual sediment load 

was reduced to 29 million (Slizeski et al. 1982, as cited by NRC 2002). Sandbar creation is also 

dependent upon a source of large, woody debris (Ward et al. 2001). Using 1999 

orthophotographs, Elliot and Jacobson (2006) identified an average of 38.1 pieces of large 

woody debris in the 39-mile reach and 96.2 pieces per kilometer in the 59-mile reach. 

Elliot and Jacobson (2006) determined the number and area of vegetated bars (islands) and bare 

sandbars prior to dam construction on the Gavins Point 59-mile reach of the Missouri River from 

1941 orthophotographs. The number and area of islands and sandbars were not determined for 

the Fort Randall 39-mile reach before dam construction. Table 23 displays the discharge (when 

the aerial photographs were taken) and the number and area of islands and sandbars by date for 

both reaches of the MNRR (Elliot and Jacobson 2006). The values obtained in 1941 represent the 

reference condition for island and sandbar condition, although pre-European settlement island 

and sandbar conditions may have been different than what was found in 1941 (Macy, pers. 

comm., 2010) 
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Table 23. Sandbar analysis for the Fort Randall and Gavins Point reaches of the Missouri River (Elliot 
and Jacobson 2006). 

Gavins Point 59-mile Reach  

Vegetated Bars (Islands) 

Year 
Discharge 
(m

3
/sec) 

Number of Bars Bars/km 
Total Bar Area 

(ha) 
Mean Bar Area 

(ha) 

1941 795 46 0.5 4534 99 

1998 735 45 0.5 1209 27 

2004 750 145 1.7 1921 13 

Bare Sand Bars 

1941 795 312 3.6 1804 6 

1998 735 312 3.6 2022 6 

2004 750 634 7.2 492 1 

Fort Randall 39-mile Free-Flowing Reach 

Vegetated Bars (Islands) 

Year 
Discharge 
(m

3
/sec) 

Number of Bars Bars/km 
Total Bar Area 

(ha) 
Mean Bar Area 

(ha) 

1999 680 322 5.6 1749 5.4 

2004 735 164 2.9 1902 12 

Bare Sand Bars 

1999 680 82 1.4 302 3.7 

2004 735 85 1.5 351 4 

Fort Randall 39-mile Delta Reach 

Vegetated Bars (Islands) 

Year 
Discharge 
(m

3
/sec) 

Number of Bars Bars/km 
Total Bar Area 

(ha) 
Mean Bar Area 

(ha) 

1999 680 703 26.9 4414 6.3 

2004 735 465 17.6 4177 9 

Bare Sand Bars 

1999 680 111 4.2 232 2.1 

2004 735 77 2.9 237 3 

Elliot and Jacobson (2006) digitized islands and sandbars for the Fort Randall reach from 1999 

and 2004 orthophotographs and for the Gavins Point reach from 1941, 1996, 1997, 1998, 1999, 

2003, and 2004 orthophotographs. Table 23 displays only three years of data for the Gavins 

Point reach: 1941 (before dam construction), 1998 (second highest mean sandbar area), and 2004 

(most recent sandbar analysis). 

In addition to the Elliot and Jacobson (2006) values in Table 23, Biedenharn et al. (2001) 

documented islands and sandbars during their geomorphological assessment. Table 24 displays 

the discharge (when the aerial photographs were taken), reach average area per kilometer, range 

of aerial values, and total area of vegetated bars and sandbars (Biedenharn et al. 2001). 

Biedenharn et al. (2001) divided the Fort Randall reach into eight segments (seven segments of 

8.0 km in length, and one segment 3.2 km in length) for a total length of 59.2 km. Biedenharn et 

al. (2001) divided the Gavins Point Reach into six segments (four segments 16.1 km in length, 
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one segment 24.1 km in length, and one segment 8.0 km in length) for a total length of 96.5 km. 

The range values in Table 24 includes the eight segments in the Fort Randall reach and the six 

segments in the Gavins Point reach. 

Table 24. Bar analysis for Fort Randall and Gavins Point reaches of the Missouri River (Biedenharn et al. 
2001). 

Gavins Point 59-mile Reach Island and Sandbar Density and Area 

 Islands (vegetated bars) Sandbars (bare) 
Year 1976 1994 1998 1976 1994 1998 

Discharge (m
3
/sec) 906 866 1826-1843 906 866 1826-1843 

Reach Average 
(ha/km) 

25.8 24.4 27.2 16.5 11.5 30.7 

Range (ha/km) 3-61 4-59 0-53 7-32 0-54 8-51 

Total Area (ha) 2490 2355 2625 1592 1110 2963 

Fort Randall 39-mile Reach Island and Sandbar Density and Area 

 Islands (vegetated bars) Sandbars (bare) 
Year 1976 1994 1998 1976 1994 1998 

Discharge (m
3
/sec) 1076 835 801-818 1076 835 801-818 

Reach Average 
(ha/km) 

52.6 40.6 34.6 30 3.5 8 

Range (ha/km) 0-166 0-95 0-97 0-82 0-10 2-12 

Total Area (ha) 3114 2404 2048 1776 207 474 

Dam operations limit high discharge events, affecting natural island and bare sand bar formation 

and preventing scouring of vegetation from vegetated bars. Dam operations that sustain elevated 

flows for navigation prevent exposure of bare sand bars related to low-stage conditions that 

occurred prior to flow regulation (Macy, pers. comm., 2010). 

Amount and Areal Extent of Armored Streambeds 

Armored streambeds consist of a gravel armor layer (gravel that results from stream flow 

winnowing fine sediment) with the residual gravel covering the stream bed. Channels 

downstream of dams may have a gravel-armored stream bed caused by reservoir sediment-

trapping resulting in excess transport capacity. 

There is no anecdotal information or data that would provide the pre-dam gravel armoring 

condition. There may have been gravel armoring in the Missouri River caused by large wood 

accumulations that would block sediment transport and create excess transport capacity 

downstream (Macy, pers. comm., 2010). 

Fort Randall Reach 

Elliot and Jacobson (2006) found that bed material has coarsened in the first 16 km below the 

Fort Randall Dam. For the channel below Fort Randall Dam, Schumm (2005) states, ñA very 

small amount of gravel in the alluvium had been concentrated on the bed during degradation.ò 

Additionally, Schumm (2005) states, ñImmediately below the dam the D90 increased from 0.35 

mm to 10 mm,ò but the time-period of this particle size distribution adjustment was not identified 
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in the study. Biedenharn et al. (2001) reported a range of bed material from approximately 0.14 

mm to 10 mm and a D50 of 0.90 mm. 

Gavins Point Reach 

Bed sediment size has changed from medium sand (0.2-0.6 mm) to fine and medium gravel (2-

20 mm) in the first 4.8 km downstream of the Gavins Point Dam (Elliot and Jacobson 2006). 

These bed material changes are not evident at RM 795, which is 25.7 km downstream of the 

Gavins Point Dam (Elliot and Jacobson 2006). 

Threats and Stressor Factors 

Bank Stabilization 

Bank stabilization is the process of placing material on streambanks to prevent channel bank 

erosion. There is no estimate for reference condition (pre-dam) bank stabilization on the 39- or 

59-mile reaches, but there were likely local efforts to prevent erosion of private land through 

placement of auto bodies, rock, broken concrete, etc. on stream banks (Macy, pers. comm., 

2010). 

Bank stabilization using hard structures like rip-rap prevents bank erosion and channel 

migration. The existing level of bank stabilization limits the ability of the channel to adjust and 

attain dynamic equilibrium. Bank erosion and channel migration, although part of a naturally 

dynamic ecosystem, are currently subject to social and economic constraints; there is increased 

demand for bank stabilization for protection of infrastructure (bridges, roads, residential, and 

recreational property) and agricultural land (Macy, pers. comm., 2010). 

Likewise, sediment transport and deposition are also affected by bank stabilization. Biedenharn 

et al. (2001) suggested that bank stabilization increases erosion of the stream bed, bars, islands, 

and unprotected banks. Bank stabilization may also reduce the supply of bed material and bar-

sized material needed for sandbar creation. However, bank stabilization affects only sediment 

supply and does not directly affect sediment transport, since sediment transport is dependent on 

discharge, sediment caliber, and gradient (Schumm 1977). 

Bank stabilization may also negatively affect sediment deposition. Stabilization reduces material 

supplied through bank erosion and creates a deficit that must be made up through increased 

levels of bed, bar, island, or unprotected bank erosion (Biedenharn et al. 2001). Bank 

stabilization requests continue to be received from landowners, and stabilization activities may 

continue to affect depositional features within the Missouri River channel (Macy, pers. comm., 

2010). 

Managers at MNRR believe that island and sandbar development are affected by bank 

stabilization activities. For the 59-mile reach, MNRR staff used GIS to designate the linear 

amount of bank stabilization through 2004. Left and right banks are located by looking 

downstream. MNRR estimates of bank stabilization included all hard materials on the bankline 

or windrowed above. Total linear left bank stabilization is approximately 40,339 meters (132,347 

ft) or 40% of the total digitized left bank. Total linear right bank stabilization is approximately 

35,008 meters (114,859 ft) or 33% of the total digitized right bank. Biedenharn et al. (2001) 

found that eroded bank contribution to bed and bar material ranges from 15%-45%. 



 

73 

Estimated bank stabilization for the Fort Randall reach is around 12.4% (ranging from 0-33% by 

GR), and 33-40% for the Gavins Point reach. Additional bank stabilization could potentially 

reduce the banksô estimated contribution to the riverôs stream bed and bar material. Biedenharn 

et al. (2001) identified that in the Fort Randall reach, 10-20% bank stabilization may have 

reduced bank contributions by 1-2%. In the Gavins Point reach, 30-40% bank stabilization may 

have reduced bank contributions from 7-10% (Biedenharn et al. 2001). This material has to be 

made up by scouring the bed, bars, and/or remaining unprotected banks in the reach. Tailwater 

elevation continues to decline below Fort Randall  and Gavins Point Dams (USACE 2010). 

Additionally, as bank stabilization causes additional bed degradation, the areal extent of bed 

armoring will increase. Bank stabilization material is typically of a size that is not readily eroded 

or transported. The particle size of the armored bed is not expected to substantially change, 

because the size of gravel present in the alluvium determines what remains after winnowing of 

fine materials. However, there are no substantial gravel contributions from tributaries 

immediately downstream of the dams (Macy, pers. comm., 2010). 

Flow Regulation 

Flow regulation can have substantial effects on island and sand bar formation, maintenance, and 

destruction. Higher peak discharges may create and maintain greater amounts of bare sand bars 

and vegetated islands (see Table 23). The Missouri Riverôs historic hydrograph typically had two 

peak flow periods ï one from early March to mid-April , and the second from early June to mid-

July. The post-dam peak discharge typically occurs from mid-August to December and is more 

than an order of magnitude lower. The post-dam peak discharge cannot create, maintain, or 

destroy as much island or sand bar area and density as existed pre-dam. 

High peak discharges were responsible for a disturbance regime that recruited large wood to the 

stream channel (Benda et al. 2003). Transported driftwood and large amounts of sediment can 

induce surface aggradation and form islands and sand bars (Gurnell and Petts 2006, Montgomery 

et al. 2003, Piegay 2003). Without this source of driftwood and sediment, flow regulation 

dramatically alters the natural sandbar and island formation regime. Because the processes that 

once formed sand bars and islands have been modified by flow regulation, the USACE currently 

uses mechanical methods for bare sand bar creation. While high peak discharge once scoured 

vegetation from existing sand bars, now it is common for USACE to remove vegetation through 

herbicide application or mechanical practices (Macy, pers. comm., 2010). 

Lowered intensity, frequency, and duration of disturbance events are primarily responsible for 

the declining trend in island and sandbar formation. Island and sandbar formation and 

maintenance are expected to remain at lower levels than pre-dam conditions until the incised 

river evolutionary sequence reaches dynamic equilibrium; even then, sandbars and islands will 

likely be at reduced levels because of peak flows below pre-dam conditions (Macy, pers. comm., 

2010). 

Restoration of a more naturalized flow regime could promote island and bare sandbar creation 

(and destruction), but it would likely be necessary to augment the available sediment load 

downstream of existing dams through practices such as shallow water habitat construction in the 

floodplain, bank stabilization removal, reduced sand dredging, bypassing sediment around dams, 

or even dam removal (NRC 2010). 
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Flow regulation, as a departure from historic levels, is believed to affect sediment transport and 

deposition in the Missouri River. The pre-dam Missouri River channel was in dynamic 

equilibrium between discharge and sediment transport and deposition. The current channel is 

adjusting to the managed releases from dams, and reservoir storage of sediment in transport from 

upstream sources has led to bed degradation below the dams. Sediment transport and deposition 

rates are unlikely to equal historic conditions because of the interrupted sediment supply and 

managed releases different from a natural flow regime (Macy, pers. comm., 2010). A naturalized 

flow regime would restore or move towards historic rates of sediment transport and deposition. 

However, large sediment-free releases from dams would cause increased bed, bar, island, and 

bank erosion to meet the transport capacity of that release. Sediment augmentation could meet 

the transport capacity of large releases. The current operations of dams for the assigned purposes 

of flood control, hydropower, water supply, irrigation, navigation, recreation, water quality, and 

fish and wildlife are under study, but any changes to dam management are likely years away 

(Macy, pers. comm., 2010). 

High releases from Gavins Point Dam occurred from 1995-1997 (approximately 50.000-70,000 

cfs) to evacuate flood-reserve zones within the reservoirs. These high releases created bare 

sandbar area greater than what existed in 1941 pre-dam conditions (Elliot and Jacobson 2006). 

These releases transported and deposited sediment more like that of the natural sediment regime, 

although the peak discharge, duration, and seasonality of the high releases were different from 

what would occur in the natural flow regime.  

USACE investigated initiating spring pulse events for the benefit of the endangered pallid 

sturgeon (Scaphirhynchus albus) population in the Missouri River (USACE 2006b). A spring 

pulse could also benefit sediment transport and deposition for sandbar accretion. The spring 

pulses would occur in March (maximum 35,000 cfs) and May (restricted to downstream flow 

limits at Omaha, Nebraska; Nebraska City, Nebraska; and Kansas City, Missouri:41,000 cfs, 

47,000 cfs, and 71,000 cfs, respectively). 

Flow regulation has also resulted in sediment being trapped in reservoirs, and clear water 

releases from dams are responsible for increased levels of channel degradation. The rate of 

channel incision below Fort Randall and Gavins Point Dams has diminished over time, but there 

was increased incision during and following the high flow period from 1995-1997 (USACE 

2010). Tailwater elevation continues to decline below Fort Randall and Gavins Point Dams 

(USACE 2010) and will continue until dynamic equilibrium is reached between the current flow 

regime and available sediment supply. 

Flow regulation and the reduction of peak flows have modified the spatial and temporal scale of 

bank erosion and channel migration in the Missouri River. Bank erosion and channel migration 

rates are low compared to historical conditions (Schumm 1977, Elliot and Jacobson 2006). Low 

frequency, high energy floods were responsible for an active disturbance regime that eroded 

large areas of the riparian zone (Gurnell and Petts 2006). The flood control mechanisms for the 

Missouri River damsô operations and flow regulation are expected to continue at their current 

levels. Bank erosion and channel migration rates are not expected to substantially change under 

the current flow regulation scenario. Historical rates of bank erosion and channel migration are 

not likely to return to the Missouri River and its valley under the current management strategy 

(Macy, pers. comm., 2010). 
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Finally, flow regulation is believed to impact the amount and areal extent of armored streambeds. 

Since degradation of stream channels below dams is a function of the sediment-free releases 

from dams, present day flow regulation and dam operation should have minimal effect on the 

areal extent and particle size of the armored streambed. If a more naturalized flow regime is 

instituted without sediment augmentation, there could be an increase in areal extent of armoring 

but little change in the particle size of the armored bed. If releases are high enough to breach the 

armor layer, there will be higher rates of incision below the dam and perhaps increased areal 

extent of armoring (Macy, pers. comm., 2010). 

Reduction of Large Woody Debris 

Historic levels of large woody debris in the Missouri River channel compared to what is 

currently present have not been documented. Moody et al. (2003) included an 1833 painting by 

Karl Bodmer showing the Missouri River channel laden with snags and large wood. It is believed 

that the historic channel contained thousands of snags. 

The reduction of large wood in the Missouri River compared to historic conditions is the result of 

ñsnaggingò operations, riparian/floodplain clearing, and the lowered intensity, frequency, and 

duration of disturbance events. The reduction of large wood increased transport capacity 

(Montgomery et al. 2003) and may have contributed to early channel incision. 

Large wood can initiate bar and island formation. The lack of large wood in the system today 

compared to historical conditions, results in fewer and slower-developing riparian woodland 

patches and islands (Gurnell and Petts 2006). With the reduction of large wood in the channel, 

the natural process of creating islands and sandbars has been modified and affects current 

channel dynamics.Reduction of large woody debris increases transport capacity, which increases 

sediment transport rates (Montgomery et al. 2003). Large wood can initiate deposition and island 

and bar formation, so the reduction in large wood can reduce deposition capacity within the 

stream channel.  

In addition, woody debris can create significant hydraulic roughness, which influences flow 

velocity, discharge, and shear stress (Montgomery et al. 2006). Large wood in stream channels 

can also form organic dams that block sediment transport and store large amounts of sediment, 

causing local aggradation (Montgomery et al. 2003, Gurnell and Petts 2006). Removal of large-

scale logjams caused channel incision of 1-5 m in the Red River in Louisiana (Veatch 1906, as 

cited by Montgomery et al. 2003). 

Finally, woody debris influences channel width by either armoring the channel banks or by 

locally directing flow into the banks causing localized erosion and channel widening 

(Montgomery et al. 2003). A supply of large wood to the channel can dramatically influence 

lateral channel migration and may be responsible for avulsion into side channels and even chute 

formation (Montgomery et al. 2003). The role of large wood in the channel dynamics of the 

Missouri River has decreased since historic time, and its diminished influence in todayôs river is 

expected to continue because of the reduction in riparian forests, bank stabilization, and altered 

disturbance regime (Macy, pers. comm., 2010). Current removal of large wood from the channel 

is not believed to be substantial, and if it occurs at all it is likely to occur near boat ramps or in 

front of recreational property (Macy, pers. comm., 2010). The recruitment of large wood to the 
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river will remain low because of the reduction in riparian forests and a reduction in the intensity, 

frequency and duration of disturbance events (Macy, pers. comm., 2010). 

Data Needs/Gaps 

There are few studies that document the pre-dam conditions in the MNRR reaches of the 

Missouri River; the USACE (2010) and Biedenharn et al. (2001) studies do not address pre-dam 

historical data (e.g., 1894 channel maps). Many of the data sets for the park are not current into 

the new millennium. The data used for USACE bank and bed analyses are only current through 

1994-1995 (cross-sections) and 1997-1998 (aerial photographs). Biedenharn et al. (2001) bank 

and bed analyses are current through 1998 (cross-sections) and 1997-1998 (aerial photographs). 

The sediment budget (bank and bed erosion and deposition) is not current, although the tailwater 

stage trends were updated through 2009 (USACE 2010). 

Overall Condition 

 

Figure 10. Erosional and Depostional Processes condition graphic. 

Pre-dam conditions supported a system in dynamic equilibrium. After the dams were installed, 

the Missouri River channel went through a period of rapid adjustment to the altered sediment and 

flow regimes. Today, the river is not responding as aggressively as it did from 1955 to 1985, but 

is still adjusting to the altered sediment and flow regimes (Appendix B). Until the incised river 

completes the evolutionary sequence of degradation, widening, and aggradation of a new 

floodplain within the incised widened channel, the bed and banks of the river will continue to 

adjust. This evolutionary sequence has been impacted by the altered sediment and flow regimes. 

The altered sediment regime may facilitate the evolutionary sequence, but the altered flow 

regime may retard attainment of the evolutionary sequence end point. 

Island and Sandbar Development 

The formation of islands and sandbars has been affected by the altered sediment and flow 

regimes and by the reduction of large woody debris in the channel (Elliot and Jacobson 2006, 

Biedenharn et al. 2001). The areal extent of bare sandbar exposure is affected by the ñnavigation 

supportò mandate for dam operation. Island and sandbar formation and maintenance have been 

reduced by the lowered intensity, frequency, and duration of disturbance events. As island and 

Measures Reference Condition Condition

Island and sandbar development and 

maintenance processes
Pre-dam

Sediment transport and deposition Pre-dam

Bank erosion and channel meander Pre-dam

Channel elevation Pre-dam

Amount and areal extent of armoured 

streambed
Pre-dam
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sandbar formation and maintenance are expected to remain at lower levels than pre-dam 

conditions until the incised river evolutionary sequence reaches dynamic equilibrium, this 

measure is of significant concern in MNRR and has a declining trend (Figure 10). Even if 

equilibrium is reached, it will likely be at reduced levels because of peak flows below pre-dam 

conditions. 

Sediment Transport and Deposition 

Sediment transport and deposition will only attain dynamic equilibrium once the evolutionary 

sequence is complete. However, sediment transport rates have changed as peak discharges in the 

post-dam era have been lower (lower stream power leads to reduced transport capacity). 

Sediment deposition rates have dropped primarily because of the altered sediment supply, 

reduction of large woody debris in the channel, and the lower peak discharges in the post-dam 

era (Biedenharn et al. 2001). It is because of these factors that sediment transport and deposition 

in MNRR are of high concern and have a declining trend at this time. 

Channel Elevation 

Channel elevation in MNRR is of high concern and has a declining trend. Rates of bed erosion in 

the Gavins Point reach were lower in 1980-2009 compared to 1955-1980. Similarly, the Fort 

Randall reach experienced lower bed erosion rates from 1985-2009 compared to 1955-1985 

(Appendix B). Bed erosion rates increased slightly following the 1995-1997 high flow period. 

Bed degradation will continue especially in the dam tailwater areas as dams continue to release 

sediment-free water. Until dynamic equilibrium is attained, bed degradation is likely to continue 

(bank stabilization further complicates this issue). 

Aggradation has occurred in the delta area of Lewis and Clark Lake: 2.74 m at the Niobrara 

River mouth, and 1.21 m at the mouth of Ponca Creek (USACE 1998). Aggradation in this 

region will continue because the sediment supply exceeds the sediment transport capacity (Macy, 

pers. comm., 2010). An aggradation zone continues to move up-channel as sediment is deposited 

in the delta area, and aggradation will continue until the reservoir fills. 

Bank Erosion and Migration 

Compared to pre-dam erosion rates, bank erosion in MNRR is of high concern with a declining 

trend. Rates of bank erosion were higher in the pre-dam era (Table 22). For the Fort Randall 

reach, the ranges of post-dam bank erosion rates were 70% less (USACE 2010a), 83% less 

(Elliot and Jacobson 2006) and 74% less (USACE 2006a) than pre-dam rates. For the Gavins 

Point reach, the ranges of post-dam bank erosion rates were 22% less (USACE 2010a), 38% less 

(Elliot and Jacobson 2006) and 35% less (USACE 2006a) than pre-dam rates. 

MNRR channel migration also has a declining trend and is of high concern. The construction of 

the dams on the Missouri River has dramatically affected the streamôs ability to meander. Post-

dam channel migration is substantially less than pre-dam conditions (see 1941 and 1999 bank 

lines in Figure 9). Bank erosion and channel migration have been reduced because of bank 

stabilization and the lowered intensity, frequency, and duration of disturbance events associated 

with the flood control mandate for construction and operation of the Missouri River dams (Macy, 

pers. comm., 2010). Bank erosion is likely to continue at current rates because of sediment-free 

dam releases. Channel migration is also likely to be insubstantial because of societal constraints 

(i.e., landowners and farmers not wanting their land to erode) (Macy, pers. comm., 2010). 



 

78 

Amount and Areal Extent of Armoured Streambeds 

The amount and areal extent of armored streambeds are of high concern in MNRR. These are not 

expected to substantially change under the current dam management regime, however, changes 

may occur to the areal extent of armored streambed with increased bank stabilization or 

breaching of the armor layer.  

Sources of Expertise 

John Macy, MNRR Hydrologist 
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4.3 Flow Regime 

Description 

Flow regime is a major driver of the ecological characteristics in MNRR. When the Missouri 

River dams became operational in the mid-twentieth century, flow regimes changed drastically, 

altering the natural resources in present-day MNRR. Five federally protected species in MNRR 

(piping plover (Charadrius melodus), least tern (Sternula antillarum), pallid sturgeon 

(Scaphirhynchus albus), scaleshell mussel (Leptodea leptodon), and Higgins eye pearly mussel 

(Lampsilis higginsii)) have specific habitat requirements that relate directly to the flow regime of 

the Missouri River. In addition, the change in Missouri River flow regime following dam closure 

has compromised available habitat for other natural resources in the park: cottonwood (Populus 

deltoides) forests, native fishes, breeding birds, and northern leopard frogs (Rana pipiens). 

Several characteristics define MNRRôs flow regime: 

¶ Magnitude: the amount of stream flow moving through a geographic location at a 

particular time - usually measured as a volume per unit of time, for example, cubic feet 

per second (cfs). 

¶ Timing: the occurrence of flows of a given magnitude within the annual hydrologic cycle. 

¶ Frequency: the probability that flows of a certain amount will occur. 

¶ Duration: the period of time associated with a specific flow condition. 

¶ Rate of change: how quickly flows change from one magnitude to another. 

Measures 

¶ Frequency of flood pulses (magnitude and rate of change). 

¶ Frequency, timing, and duration of discharge. 

Reference Conditions 

Magnitude 

Figure 11 and Figure 12 display annual peak flow for the Missouri River at Yankton, SD, and 

Fort Randall Dam. Table 25 displays pre-dam peak flow values for selected years at Yankton. 

The Yankton historic pre-dam (1931-1953) average annual peak flow magnitude is 149,374 cfs, 

ranging from 46,500 cfs (1931) to 480,000 cfs (1952) (Figure 11). The Fort Randall historic pre-

dam (1948-1953) average annual peak flow magnitude is 204,000 cfs, ranging from 103,000 cfs 

(1948) to 447,000 (1952) (Figure 12). The short period of record for the Fort Randall peak flow 

data likely skews results higher compared to the Yankton data, and the Yankton value is 

probably a more realistic long-term average estimate for both of the MNRR reaches.  
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Figure 11. Annual peak flow for the Missouri River at Yankton 1931-2008 (1931-1995 USGS gage station 
data; 1996-2008 releases from Gavins Point Dam).  

 

Figure 12. Annual peak flow for the Missouri River at Fort Randall 1948-2009 (1948-1986 from USGS 
website: 1987-2009 from Ft. Randall hourly releases USACE). 
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Table 25. Peak discharge (cubic feet per second) at Yankton, SD, for selected years (data compiled by 
John Macy, MNRR Hydrologist). 

Year 1932 1935 1940 1945 1950 1953 

Peak Discharge (cfs) 124,000 130,000 50,800 98,300 237,000 112,000 

Timing 

Figure 13 through Figure 18 display the daily mean discharge for selected years prior to dam 

closure at Yankton, SD. Historic (pre-dam) flood pulses occurred at various times during the 

year with base flows beginning in late summer or early fall and continuing through late winter ï 

early spring (Figure 13 through Figure 18). The historic peak discharge on the Missouri River in 

the MNRR was typically bi-modal, with peaks occurring between April and July (Figure 19). 

Figure 19 (Jacobson and Galat 2008) shows the duration hydrograph at Sioux City, IA, for pre 

and post-dam 25ï75% flow. 

 

Figure 13. 1932 daily mean discharge for the Missouri River at Yankton, SD (data compiled by John 
Macy, MNRR Hydrologist). 

 

Figure 14. 1935 daily mean discharge for the Missouri River at Yankton, SD (data compiled by John 
Macy, MNRR Hydrologist). 
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Figure 15. 1940 daily mean discharge for the Missouri River at Yankton, SD (data compiled by John 
Macy, MNRR Hydrologist). 

 

Figure 16. 1945 daily mean discharge for the Missouri River at Yankton, SD (data compiled by John 
Macy, MNRR Hydrologist). 

 

Figure 17. 1950 daily mean discharge for the Missouri River at Yankton, SD (data compiled by John 
Macy, MNRR Hydrologist). 
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Figure 18. 1953 daily mean discharge for the Missouri River at Yankton, SD (data compiled by John 
Macy, MNRR Hydrologist) 

 

Figure 19. Annual hydrograph, pre-dam (gray) and post-dam (blue), at Sioux City, Iowa, with discharge in 
thousand cubic meters per second (from Jacobson and Galat 2008). 

Frequency 

Frequency is the probability that a particular flow magnitude will occur. The exceedance 

probability of certain discharge values is calculated by the formula: P = 100(m/ (n+1)),where P = 

exceedance probability; m = the rank of a value (ranking from highest to lowest of all daily mean 

flows for the period of record; and n = total number of records (Oosterbaan 1994). The 

exceedance probability is the probability of an equal or greater discharge occurring in any given 

year. Table 26 displays the pre-dam exceedance probability for various discharge levels for the 

period of record at Yankton, SD (1931-1953).  

Table 26. Exceedance probability for pre-dam selected discharges on the Missouri River at Yankton, SD 
(data compiled by John Macy, MNRR Hydrologist). 

Discharge (cfs) 10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000 

Exceedance Probability  0.79 0.51 0.29 0.16 0.10 0.07 0.05 0.04 

0

20000

40000

60000

80000

100000

120000

J F M A M J J A S O N D

D
a

il
y
 M

e
a

n
 D

is
c

h
a

rg
e

 (
c

fs
) 

Month 



 

87 

Duration and Rate of Change 

The duration and rate of change for flood pulses in the pre-dam era occurred over relatively short 

time frames (Figure 13 to Figure 18). Rate of change refers to how quickly flows change from 

one magnitude to another. Table 27 displays the rate of change for discharge from relatively 

steady state conditions to peak flow discharge and return to initial discharge (or to discharge at 

the beginning of another climb to peak) for selected years at Yankton, SD (USGS gage station 

data). Table 3 also displays the increase in discharge from the steady state condition to the peak 

discharge. The years displayed in Table 27 are from USGS gage data at Yankton, SD, and they 

should be representative of pre-dam conditions.  

Table 27. Yankton, SD, selected year peak flow rise and fall dates, time to peak, number of days in rise 
and fall cycle, and increase in discharge to peak (data compiled by John Macy, MNRR Hydrologist). 

Year Peak 

Rise & Fall 
Dates* 

(month/day) 

Time to Peak 
(days) 

Days of Rise and 
Fall (return to 
approx. initial 

discharge or begin 
new rise) 

Increase in 
Discharge 

(from initial 
discharge to peak 

discharge) 

1932 

1
st
 4/4-4/14 5 11 56,900 cfs 

2
nd

 6/9-7/16 10 38 80,700 cfs 

2
nd

 (intermediate peaks) 
6/23-6/25 

7/1-7/16 

3 

4 

9 

16 

11,400 cfs 

24,100 cfs 

1935 

1
st
 5/31-6/10 6 11 59,400 cfs 

2
nd

 6/18-7/10 8 23 46,400 cfs 

3
rd

 7/11-7/21 6 11 82,000 cfs 

1940 

1
st
 4/6-4/27 5 12 14,300 cfs 

2
nd

 4/28-5/13 6 16 17,500 cfs 

3
rd

 6/11-6/26 5 16 24,800 cfs 

1945 

1
st
 3/9-4/16 14 39 79,000 cfs 

2
nd

 6/5-7/1 12 27 43,100 cfs 

3
rd

 7/1-7/16 4 16 43,800 cfs 

1950 

1
st
 3/21-3/31 8 11 89,700 cfs 

2
nd

 3/31-4/14 4 15 72,500 cfs 

3
rd

 4/15-4/29 10 15 170,020 cfs 

1953 

1
st
 3/10-4/1 14 23 46,900 cfs 

2
nd

 4/27-5/16 9 20 68,000 cfs 

3
rd

 6/10-7/6 16 27 73,000 cfs 

*the dates used are from beginning of rise from relative steady state to a return to that steady state (nearly the same discharge) or 

to the beginning of the next rise toward peak 

Table 28 displays the low flow periods for selected years at Yankton, SD, including dates, 

beginning and ending mean daily discharge, average discharge and number of days of the low 

flow period. The values were derived from USGS discharge records used to construct yearly 

hydrographs indicating when discharge was nearly flat on the graphed data. Values derived from 

the annual hydrograph might vary slightly depending on individual interpretation and should be 

considered an approximation of the low flow period. 
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Table 28. Low flow periods, discharge and number of days at Yankton, SD (data compiled by John Macy, 
MNRR Hydrologist). 

Year Date 
Discharge 

(cfs) 
Discharge 
(avg. cfs) 

# of 
days  

Year Date Discharge(cfs) 
Discharge 
(avg. cfs) 

# of 
days 

1931 9/2 10100 
8800 193 

 1942 12/1 13700 
7681 88 

1932 3/12 8500  1943 2/24 10200 

1932 9/5 13200 
13200 189 

 1943 12/17 11500 
13751 86 

1933 3/12 10500  1944 3/11 11500 

1933 9/26 14000 
10598 153 

 1944 12/4 12400 
16644 96 

1934 2/28 4500  1945 3/9 16200 

1934 7/31 11300 
8862 247 

 1945 11/21 12000 
9617 87 

1935 4/1 14700  1946 2/15 8900 

1935 8/19 14000 
8217 198 

 1946 11/28 11000 
10673 103 

1936 3/3 8600  1947 3/10 16200 

1936 8/8 12300 
8827 210 

 1947 11/24 14600 
12467 108 

1937 3/5 8500  1948 3/10 14600 

1937 8/12 15000 
8443 217 

 1948 12/10 10000 
11201 80 

1938 3/16 12800  1949 2/27 14500 

1938 10/23 13600 
12099 144 

 1949 11/20 17200 
10373 122 

1939 3/15 13500  1950 3/20 14200 

1939 8/15 14000 
8912 213 

 1950 11/26 16000 
14437 116 

1940 3/14 7500  1951 3/21 15000 

1940 10/24 14800 
8466 159 

 1952 11/27 12000 
12179 100 

1941 3/31 13000  1953 3/6 13000 

   
  

 1953 11/18 13000 
11997 78 

    1954 2/3 10600 

Data and Methods 

Analysis used USGS discharge records for Fort Randall Dam and the gage station at Yankton, 

SD, and USACE release data for Fort Randall and Gavins Point dams. The analysis compares 

flow regime conditions for the pre- and post-dam timeframes. 

The analysis of discharge/release data includes maximum flow; timing of flow; days of rise to 

peak; days of rise to peak and fall to steady state condition or the beginning of a new rise; peak 

discharge; change in discharge from relatively steady state condition to peak flow; low flow 

period; low flow average discharge; and exceedance probability for selected discharges. 

The low flow period was generally the ñflat-liningò of the annual hydrograph and did not include 

the rise-to-peak or peak-to-fall time periods. Some interpretation of the data is needed because of 

the highly variable flow conditions and multiple rises within the hydrographs or data. 

Peer-reviewed literature was also integrated into analysis.  
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Current Condition and Trend 

Magnitude 

Figure 11 and Figure 12 display the peak flows for both pre and post-dam timeframes. Figures 

18 through 25 display the hydrographs of mean daily discharge for selected years at Yankton, SD 

following dam closure. The magnitude of peak flow is substantially reduced in the post-dam era. 

Table 29 displays peak flow magnitude for selected years for the post-dam timeframe.  

Table 29. Peak flow for selected years for the post-dam timeframe (1954-2010) at Yankton, SD (data 
compiled by John Macy, MNRR Hydrologist).  

Year 1954 1965 1975 1986 1995 2005 2010 

Peak Discharge (cfs) 38,600 35,000 64,300 50,500 59,600 26,000 50,900 

Timing 

Post-dam hydrographs (Figure 20 through Figure 27) illustrate the timing of releases from 

Gavins Point Dam, with higher flows occurring in the late summer and fall and the length of time 

of these higher flows. Figure 19 contrasts pre- and post-dam flow magnitude and timing for the 

Missouri River at Sioux City, Iowa. 

 

Figure 20. 1954 daily mean discharge for the Missouri River at Yankton, SD (data compiled by John 
Macy, MNRR Hydrologist). 
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Figure 21. 1965 daily mean discharge for the Missouri River at Yankton, SD (data compiled by John 
Macy, MNRR Hydrologist). 

 
Figure 22. 1975 daily mean discharge for the Missouri River at Yankton, SD (data compiled by John 
Macy, MNRR Hydrologist). 

 
Figure 23. 1986 daily mean discharge for the Missouri River at Yankton, SD (data compiled by John 
Macy, MNRR Hydrologist). 
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Figure 24. 1995 daily mean discharge for the Missouri River at Yankton, SD (data compiled by John 
Macy, MNRR Hydrologist). 

 

Figure 25. 2000 daily mean discharge for the Missouri River at Yankton, SD (data compiled by John 
Macy, MNRR Hydrologist). 

 

Figure 26. 2005 daily mean discharge for the Missouri River at Yankton, SD (data compiled by John 
Macy, MNRR Hydrologist). 
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Figure 27. 2010 daily mean discharge for the Missouri River at Yankton, SD (data compiled by John 
Macy, MNRR Hydrologist). 

Frequency  

Table 30 displays the exceedance probability (the probability of an equal or greater discharge 

occurring in any given year) for Yankton, SD, in the post-dam timeframe (1954-2010). Although 

the exceedance probability analysis indicates low to no probability of discharges above 70,000 

cfs (70,100 cfs is the highest discharge in the post-dam era), if runoff and storage capacity of the 

reservoirs in the Missouri River system experienced greater in-flows than in the past, there may 

be larger discharges released from Gavins Point Dam.  

Table 30. Exceedance probability for post-dam selected discharges on the Missouri River at Yankton, SD 
(data compiled by John Macy, MNRR Hydrologist). 

Discharge (cfs) 10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000 

Exceedance Probability 0.91 0.66 0.24 0.10 0.04 0.01 0.0002 0.0 

Duration and Rate of Change 

Table 31 displays post-dam selected year peak flow rise and fall dates, time to peak, number of 

days in the rise and fall cycle, and the increase in discharge magnitude from beginning of rise to 

the peak flow. 

Table 32 displays post-dam low flow periods for selected years at Yankton, SD, including dates, 

beginning and ending mean daily discharge, average discharge, and number of days of the low 

flow period. The values were derived from USGS discharge records used to construct yearly 

hydrographs indicating when discharge was nearly flat on the graphed data. Values derived from 

the annual hydrograph might vary slightly depending on individual interpretation and should be 

considered an approximation of the low flow period. 
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Table 31. Missouri River at Yankton, SD: selected year peak flow rise and fall dates, time to peak, 
number of days in rise and fall cycle, and increase in discharge to peak (data compiled by John Macy, 
MNRR Hydrologist).  

Year Peak 

Rise and Fall 
Dates* 

(month/day) 

Time to Peak 
(days) 

Days of Rise and Fall 
(return to approx. initial 
discharge or begin new 

rise) 

Increase in Discharge 

(from initial discharge 
to peak discharge) 

1955 
1

st
 3/8-3/20 5 13 16,000 cfs 

2
nd

 3/25-11/6 153 226 25,900 cfs 

1960 
1

st
 3/27-4/13 3 18 24,500 cfs 

2
nd

 4/17-11/11 129 218 21,200 cfs 

1965 
1

st
 3/24-4/15 21 23 10,000 cfs 

2
nd

 4/15-12/1 122 232 19,000 cfs 

1970  3/8-12/12 161 280 28,500 cfs 

1975  3/21-12/16 187* 271 45,800 cfs 

1980  3/17-12/18 242 278 23,500 cfs 

1985 
1

st
 3/28-4/23 25 27 10,500 cfs 

2
nd

 4/27-12/8 217 224 19,900 cfs 

1990  3/23-10/31 178 223 23,960 cfs 

1995 
1

st
 3/16-3/29 10 14 10,900 cfs 

2
nd

 5/2-9/29 112 192 46,500 cfs 

1997  1/1-12/15 319 348 48,900 cfs 

2000  3/15-12/2 171 263 17,000 cfs 

2005  3/17-10/6 169 214 17,000 cfs 

2010  4/29-12/17 194 233 35,900 cfs 

*Some years have the same peak discharge multiple times ï typically used the middle date in calculation. 
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Table 32. Low flow periods, discharge and number of days at Yankton, SD (data compiled by John Macy, 
MNRR Hydrologist). 

Year Date 
Discharge 

(cfs) 
Discharge 
(avg. cfs) 

#days 
 

Year Date 
Discharge 

(cfs) 
Discharge 
(avg. cfs) 

#days 

1954 10/31 15000 
10268 129 

 1984 12/20 21600 
20650 97 

1955 3/8 9000  1985 3/26 19800 

1955 11/6 12100 
9324 120 

 1985 12/8 17400 
17537 145 

1956 3/4 9820  1986 5/1 16900 

1959 11/8 9400 
9080 138 

 1989 11/4 10500 
11753 140 

1960 3/25 8560  1990 3/23 9440 

1960 11/20 9850 
8607 121 

 1990 10/31 9320 
10964 144 

1961 3/20 9520  1991 3/23 7080 

1964 11/29 8650 
8164 113 

 1994 11/28 17100 
16938 107 

1965 3/17 7110  1995 5/2 13100 

1965 11/28 16700 
16599 94 

 1995 12/11 23000 
21509 58 

1966 3/1 14700  1996 2/5 20000 

1969 12/8 18200 
16498 88 

 1999 12/10 22900 
19535 99 

1970 3/5 16800  2000 3/17 17000 

1970 12/9 17500 
16785 96 

 2000 11/29 15000 
13845 106 

1971 3/14 17700  2001 3/14 12600 

1974 11/28 18100 
17452 111 

 2004 10/11 12000 
11111 158 

1975 3/18 14000  2005 3/17 9000 

1975 12/15 23600 
21621 32 

 2005 10/10 11000 
11663 117 

1976 1/15 20000  2006 2/3 11000 

1979 12/19 22000 
17845 87 

 2008 12/29 12000 
11460 73 

1980 3/14 15000  2009 3/11 9100 

1980 12/1 17800 
15119 103 

 2009 12/25 15000 
15288 126 

1981 3/13 14800  2010 4/29 15000 

Threats and Stressors 

Dam Operations  

Reduced magnitude ï Limited peak flows: Post-dam releases for the reach below Fort Randall 

and Gavins Point Dams are generally substantially lower than pre-dam peak flow values (Figure 

11, Figure 12). The average annual maximum discharge for the pre-dam timeframe is 149,347 

cfs and for the post-dam timeframe it is 41,105 cfs. Table 33 displays the peak flow values for 

the reach below Gavins Point Dam at Yankton, SD, and releases from the dam.  
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Table 33. Peak flow values for Yankton, SD (includes releases from Gavins Point Dam). 

Date Discharge (cfs) Date Discharge (cfs) Date Discharge(cfs) 

6/15/1931 46500 10/7/1957 35300 10/25/1984 48000 

6/18/1932 124000 8/28/1959 33900 8/26/1986 44100 

5/29/1933 111000 3/29/1960 34700 10/21/1986 50500 

3/3/1934 112000 7/6/1961 31800 8/31/1988 39700 

7/16/1935 130000 7/4/1962 35900 11/2/1988 35400 

6/22/1936 102000 7/25/1963 33800 9/18/1990 33800 

3/24/1937 112000 8/6/1964 34400 9/3/1991 32400 

4/1/1938 146000 8/14/1965 35000 10/1/1991 31300 

4/1/1939 176000 7/21/1966 35800 10/9/1992 28500 

6/15/1940 50800 8/23/1967 39600 9/4/1994 32800 

6/14/1941 137000 7/16/1968 41200 8/21/1995 59600 

5/15/1942 126000 8/30/1969 53100 11/1/1996 55000 

4/8/1943 282000 10/1/1969 51200 10/1/1997 70100 

4/9/1944 172700 6/17/1971 57200 11/1/1998 40100 

3/22/1945 98300 8/17/1972 61400 8/1/1999 45200 

6/22/1946 87300 10/1/1972 52600 9/1/2000 34500 

4/3/1947 176000 7/24/1974 38000 9/1/2001 28000 

3/26/1948 110000 9/11/1975 64300 8/1/2002 31000 

4/7/1949 173000 11/5/1975 63700 9/1/2003 30500 

4/24/1950 237000 12/2/1976 42000 5/1/2004 30000 

4/7/1951 134000 8/8/1978 53900 9/1/2005 26000 

4/13/1952 480000 10/12/1978 53700 8/1/2006 31500 

6/25/1953 112000 11/30/1979 41600 7/1/2007 24500 

6/7/1954 38600 11/12/1980 38700 8/1/2008 25500 

8/25/1955 38500 9/28/1982 33800 9/27/2009 31500 

8/24/1956 47000 12/1/1982 45100 11/8/2010 50900 

10/2/1956 38600 7/28/1984 48200   

Increased low flows: Table 28 and Table 32 display the low flow period, average discharge 

values and length of time with low flows for pre and post-dam flows at Yankton, SD, 

respectively. The pre-dam 1932-1954 timeframe had a low flow discharge average of 10,472 cfs 

over an average 154-day period. The post-dam period of 1955-2010 had a low flow discharge 

average of 14,567 cfs over an average 108-day period. Pre-dam low flows ranged from 

approximately 8,217-16,644 cfs, and in the post-dam period the range was approximately 8,607-

21,621 cfs. Galat and Lipkin (2000) identified the percent increase in median monthly discharges 

as: 62% in August; 88% in September; 157% in October; 143% in November; 128% in January; 

and 97% in February. 

Galat and Lipkin (2000) analyzed 1929-1948 discharge records as the pre-dam (ñpre-flow 

regulationò) period. It is possible that low flow discharge in MNRR reaches prior to 1955 may 

have been influenced by upstream dam operations and construction; The Fort Peck Dam closed 

on June 24, 1937, followed by Fort Randall Dam closure on July 20, 1952, and the Garrison 
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Dam closure on April 15, 1953. Additional dam closures include the Gavins Point Dam on July 

31, 1955, the Oahe Dam on August 3 1958, and the Big Bend Dam on July 24, 1963.  

Altered Temporal Flow Conditions ï Seasonality  

Peak Flow: Figure 19 gives the best visual representation of the changed seasonal flow patterns, 

but individual yearly hydrographs (Figure 13 through Figure 18; Figure 20 through Figure 27) 

also portray the shift that dam operations cause to flow patterns. The peak flows in pre-dam 

conditions were bi-modal or had numerous peaks and generally occurred between March and 

July; Galat and Lipkin (2000) describe mean monthly discharge peaks occurring in April and 

June for the Yankton gage station. The peak discharge period in the post-dam era generally 

begins its rise between March and April (Table 31) but often persists into October through 

December with most peaks in July-December (Table 33). 

Low Flow: As with peak flows, Figure 13 through Figure 18 and Figure 20 through Figure 27 

display the pre-and post-dam hydrographs and the shift that has occurred with dam operations, 

respectively. Pre-dam conditions had longer low flow periods that usually began towards the end 

of summer (Table 28); Galat and Lipkin (2000) identify ñan extended period of low flow from 

August through February.ò Post-dam low flows typically start in late fall (Table 32). 

Altered Temporal Flow Conditions ï Duration  

Peak Flow: For the pre-dam condition, the time-to-peak and days of rise and fall are of short 

duration, ranging from 3-16 days and 9-39 days, respectively (Table 27). For the post-dam era, 

the time-to-peak and days of rise and fall have greater duration, ranging from 3-319 days and 13-

348 days, respectively (Table 31). The average pre-dam rise-to-peak is about eight days while 

the post-dam rise-to-peak averages about 135 days. The average pre-dam rise and fall is about 19 

days while the average post-dam rise and fall is about 183 days.  

Low Flow: The pre-dam low flow period averages about 142 days while the post-dam low flow 

period averages about 108 days. The low flow period prior to dam construction was about 32% 

longer. 

Altered Temporal Flow Conditions ï ñPower Peakingò 

Releases from Fort Randall Dam are sometimes minimized to provide power-generating capacity 

when needed on a daily basis, meaning there are low releases during the day and higher releases 

during evening hours. Daily minimum releases may be small (and anecdotally, reduced to zero 

release).  

Change in Climatic Pattern 

Changes in the climatic pattern of precipitation amounts, temperature, wind speed, and direction 

are all factors that can influence the flow regime of the Missouri River. Operation of the dams on 

the Missouri River will respond to these conditions to maximize the benefits of the authorized 

purposes (flood control, navigation, hydropower, irrigation, fish and wildlife, recreation, water 

quality, and water supply). During periods with greater precipitation than normal, higher releases 

from dams will accommodate this condition. During drought periods, dams will have lower 

releases to meet the authorized purposes.  
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Data Needs/Gaps 

Minimum daily releases at Fort Randall Dam are not currently used in the flow regime analysis 

because the data are not readily available, but have been requested from USACE. Minimum 

daily releases at Fort Randall Dam need to be compared to pre-dam mean daily discharge to 

document stream flow in the reach downstream of the dam.  

Overall Condition 

 

Figure 28. Flow Regime condition graphic. 

The flow regime for the Missouri River reaches managed by the NPS has been substantially 

modified by dam operations, compared to a ñnaturalò or pre-dam condition. Because of the many 

changes to flow regime and the continuing influence of dams, the condition of this component is 

of significant concern with a declining trend (Figure 28). 

Flow regime is a major driver of the ecological characteristics in MNRR. When the Missouri 

River dams became operational in the mid-twentieth century, flow regimes changed drastically, 

altering the natural resources in present-day MNRR. Five federally protected species in MNRR, 

the piping plover (Charadrius melodus), least tern (Sternula antillarum), pallid sturgeon 

(Scaphirhynchus albus), scaleshell mussel (Leptodea leptodon), and Higgins eye pearly mussel 

(Lampsilis higginsii) have specific habitat requirements that relate directly to the flow regime of 

the Missouri River (USFWS 2009, USFWS 2004, Hesse and Schmulback 1991). In addition, the 

change in Missouri River flow regime following dam closure has compromised available habitat 

for other natural resources in the park: cottonwood (Populus deltoides) forests, native fishes, 

breeding birds, and northern leopard frogs (Rana papiens) (Johnson et al. 1976, Miller et al. 

1995, USFWS 2000, NRC 2002, Smith and Keinath 2004). 

Peak Flows 

¶ Post-dam average peak flow is about 27% of the pre-dam average.  

¶ The highest post-dam peak flow is about 15% of the highest pre-dam peak flow.  

¶ For the post-dam era, 17 out of 57 years (30%) had a peak flow that exceeded the lowest 

pre-dam peak flow.  

¶ Pre-dam peak flows were typically bi-modal, occurred from March to July, and were of 

short duration; post-dam peak flows typically are plateau-like, occur from July to 

December and occur over longer time periods  

¶ Duration of post-dam peak flows is longer than pre-dam conditions. 

Low Flows 

¶ Average post-dam low flows are about 34% higher than average pre-dam low flows. 

Measures Reference Condition Condition

Frequency of flood pulses (hydrograph) Pre-dam 

Frequency, timing, and duration of 

discharge
Pre-dam
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¶ The duration of the post-dam low flow period averages 24% less than the pre-dam low 

flow period. 

¶ Post dam low flows typically occur from late October through March, while pre-dam low 

flows began in late summer to early fall, lasting until the spring rise. However, there 

appears to be a shift in pre-dam conditions towards later fall once the Fort Peck Dam had 

storage available for regulating flow in 1940. 

Galat and Lipkin (2000) found that the Missouri River reach below the Gavins Point Dam has an 

extreme degree of hydrologic alteration compared to pre-dam conditions, based on 32 hydrologic 

variables. Galat and Lipkin (2000) state that low-flow pulse duration (pulses relative to a low 

discharge threshold that was set at the 25th-percentile daily discharge for the month with the 

lowest pre-regulation monthly median discharge.) increased by over 75% below Gavins Point 

Dam and that annual peak daily discharge is occuring much later in the post-dam era. 

Sources of Expertise 
John Macy, MNRR Hydrologist analyzed the stream flow records. 

  



 

99 

Literature Cited 

Galat, D. L., and R. Lipkin. 2000. Restoring ecological integrity of great rivers: historical 

hydrographs aid in defining reference conditions for the Missouri River. Hydrobiologia 

422/423: 29-48. 

Hesse, L. W., and J. C. Schmulback. 1991. The Missouri River: the Great Plains thread of life. 

Missouri River brief series. Northern Lights Research and Education Institute, Missoula, 

Montana. 

Jacobson, R. B., and D. L. Galat. 2008. Design of a naturalized flow regime ï an example from 

the Lower Missouri River, USA. Ecohydrology 1: 81-104. 

Johnson, C. W., R. L. Burgess, and W.R. Keammerer. 1976. Forest overstory vegetation and 

environment of the Missouri River floodplain in North Dakota. Ecological Monographs 46:  

59-84. 

Miller, J. R., T. T. Schulz, N. T. Hobbs, K. R. Wilson, D .L. Schrupp, and W. L. Baker. 1995. 

Changes in the landscape structure of a southeastern Wyoming riparian zone following shifts 

in stream dynamics. Biological Conservation 72: 371-379. 

National Research Council Panel (NRC). 2002. The Missouri River ecosystem: Exploring the 

prospects for recovery. National Academy Press, Washington, DC. 

Oosterbaan, R. J. 1994. Frequency and regression analysis of hydrologic data. Chapter 6 in H.P. 

Ritzema (ed.), Drainage principles and applications, Publication 16, second revised edition. 

International Institute for Land Reclamation and Improvement (ILRI). Wageningen, The 

Netherlands.  

Smith, B. E., and D. A. Keinath. 2004. Species assessment for the northern leopard frog (Rana 

pipiens) in Wyoming. U.S. Department of the Interior, Bureau of Land Management. 

United States Fish and Wildlife Service (USFWS). 2000. Missouri River endangered species: 

how do the serviceôs recommendations benefit them? U.S. Department of the Interior, Fish 

and Wildlife Service, Washington, D.C.. 

U.S. Fish and Wildlife Service (USFWS). 2004. Endangered species facts scaleshell mussel. 

U.S. Department of the Interior, Fish and Wildlife Service, Washington, D.C. 

U.S. Fish and Wildlife Service. 2009. Piping plover (Charadrius melodus) 5-year review: 

summary and evaluation. Northeast Region, Hadley, Massachusetts, and the Midwest 

Regionôs East Lansing Field Office, Michigan. 



 

100 

4.4 Aquatic and Terrestrial Habitats 

Description 

Prior to the 1950s, the Missouri River was a meandering river with islands, sandbars, log jams, 

chutes, backwaters, and large sediment loads. The natural processes of the river supported a lotic 

ecosystem created and maintained by flood pulses that continuously reshaped the channel and 

floodplain through bank erosion and deposition (Weeks et al. 2005). Aquatic and terrestrial 

habitats of the Missouri River include the river channel, floodplain, sandbars, vegetated islands, 

aquatic-terrestrial transition zone (littoral zone), stream beds, large wood (in-channel, riparian 

forest), tributary confluences, backwaters, chutes, wetlands, pools, oxbow lakes, hyporheic 

zones, streambanks, and terraces. Dams constructed on the Missouri River in the 1950s altered 

natural processes and the extent and complexity of aquatic and terrestrial habitats of the lotic 

ecosystem. The natural aquatic and terrestrial habitats of the river are affected by significantly 

altered flood pulses, straightened stream meanders, reduced sediment loads, reduced riparian 

vegetation, and smaller variations in water temperature (NRC 2002). Studies conducted by the 

NPS, USACE, and USFWS have shown various factors impacting aquatic and terrestrial habitats 

including climate change, exotic and invasive species, human development, loss of natural 

disturbance regime, river bank stabilization, and dam operations limiting flow. The altered 

natural processes pose significant risks to federally listed species such as the pallid sturgeon, 

piping plover, and interior least tern, which depend on aquatic and terrestrial habitats for 

reproductive success. It is important to monitor and understand the changes of the Missouri 

River to better understand how aquatic and terrestrial habitats are affected by these changes. 

Measures 

¶ Distribution and abundance of diverse native plant communities 

¶ Amount of vegetation in diverse seral stages 

¶ Amount of vegetated island and sandbar habitat 

¶ Wetland distribution, type, and location 

¶ Depth and substrate diversity 

¶ Amount of chutes, backwaters, and shallow-water habitat 

¶ Presence of exotic and invasive species 

Reference Conditions/Values 

The reference condition for aquatic and terrestrial habitats is the time prior to construction and 

closure of the Fort Randall and Gavins Point Dams (1954 and 1957, respectively). 

Distribution and Abundance of Diverse Native Plant Communities 

Prior to dam closure, the Missouri River floodplain (covering 338.5 million acres of Missouri 

River Basin and tributary valleys) was a mixture of deciduous forests (76%) and wetlands (10%) 

(Bragg and Tatschl 1977, as cited in Weeks et al. 2005). The other 14% was not indicated in 

their research but can be assumed to have been a mixture of shrubland and grassland. 
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Fort Randall 39-mile reach 

Table 34 displays a generalized depiction of historic composition (approximately 67% grassland, 

29% deciduous forest, and 4% shrub) associated with the floodplain of the 39-mile district of 

MNRR (Dixon et al. 2010).  

Table 34. Area and percentage of plant communities in the Missouri Riverôs historic floodplain (bluff to 
bluff) in the MNRR 39-mile reach from Fort Randall Dam to Niobrara River (Dixon et al. 2010). 

Composition 
Area % 

Composition acres ha 

Grassland 15,563 6,298 66.84 

Deciduous forest 6,695 2,709 28.75 

Shrubs 1,029 416 4.41 

Totals: 35,769 9,423 100.00 

Gavins Point 59-mile reach  

Table 35 displays the area and relative composition of plant communities in the historic 

floodplain (from bluff to bluff) associated with the 59-mile reach (Dixon et al. 2010). The 

historic floodplain in the 59-mile reach included approximately 63% grassland, 25% deciduous 

forest, and 11% shrubs. The remaining 1% was a mix of marsh, open woodland, and orchard. 

Table 35. Area and percentage of plant communities in the Missouri River's historic floodplain (bluff to 
bluff) in the area of the 59-mile reach of MNRR (Dixon et al. 2010). 

Composition 
Area % 

Composition acres ha 

Grassland 71,766 29,043 62.68 

Deciduous forest 28,548 11,553 24.93 

Shrubs 12,108 4,900 10.58 

Marsh 1,452 587 1.27 

Open woodland 569 230 0.50 

Orchard 49 20 0.04 

Totals: 114,492 46,333 100.00 

Amount of Vegetation in Diverse Seral Stages 

A reference condition for the amount of vegetation in diverse seral stages has not been 

documented for MNRR. 

Amount of Island and Sandbar Habitat 

Elliot and Jacobson (2006) report the Gavins Point 59-mile reach had approximately 46 island 

bars (4,534 ha) and 312 sandbars (1,804 ha) in 1941. Dixon et al. (2010) reported the pre-dam 

sandbar area from Fort Randall Dam to Niobrara River was approximately 1,703 hectares (4,209 

acres). A reference condition for the Niobrara River to Lewis and Clark delta reach was not 

reported. 
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Wetland Distribution, Type, and Location 

Historical wetland distribution, type, and location is not documented for the pre-dam MNRR. 

However, Dixon et al. (2010) showed an increase in wetland area, due to the Fort Randall Dam 

and Lewis and Clark Reservoir delta area. Dixon et al. (2010) indicated no wetland increases in 

the  Gavins Point reach. 

Depth and Substrate Diversity  

A reference condition for depth and substrate diversity has not been documented for the MNRR. 

Amount of Chutes, Backwater, and Shallow-Water Habitat (SWH) 

Elliot and Jacobson (2006) identified 13 chutes in the 59-mile reach of MNRR from 1941 pre-

dam photographs. Figure 29 illustrates a 1941 chute located at RM 804. They report chutes at 

this time ranged in length from 0.57 km to 13.50 km, with an average length of 3.67 km (2.28 

mi) and average width of 55 meters.  

 

Figure 29. Side-channel chute from RM 805-803 in 1941 on the 59-mile reach of MNRR (Elliot and 
Jacobson 2006). 

Presence of Exotic and Invasive Species 

A reference condition for presence of exotic and invasive species has not been documented for 

the MNRR.  

Data and Methods 

Literature provided by MNRR, USGS, and USACE were the primary sources of information for 

this document. In addition, resource guidance was provided by John Macy, MNRR Hydrologist; 

Gia Wagner, MNRR Chief of Resource Management; Lisa Yager, MNRR Biologist; Aaron 

DeLonay, USGS Ecologist; Stephen Wilson, NGPN Data Manager; and Duane Chapman, USGS 

Fisheries Biologist. For each measure, the primary sources of information are as follows: 
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¶ Distribution and abundance of diverse native plant communities: Stukel (2002), NPScape 

(2009), Dixon et al. (2010), Stevens et al. (2010). 

¶ Amount of vegetation in diverse seral stages: Dixon et al. (2010). 

¶ Amount of vegetated island and sandbar habitat: Elliot and Jacobson (2006), Dixon et al. 

(2010), USACE (2005a, 2010a), Duberstein and Downs (2008), USFWS (2003). 

¶ Wetland distribution, type, and location: USACE (2004), Weeks et al. (2005), Dixon et 

al. (2010). 

¶ Depth and substrate diversity: DeLonay et al. (2009), Reuter et al. (2009), Jacobson and 

Galat (2008), USACE (2010b), Elliot et al. (2004). 

¶ Amount of chutes, backwaters, and shallow-water habitat: Tracy-Smith (2006), Elliot and 

Jacobson (2006), USACE (2008), Shields et al. (2000), Yager (2010), Hesse (1987), 

Jacobson et al. (2004). 

¶ Presence of exotic and invasive species: Weeks et al. (2005), USFWS (2003), CERC 

(2003), Kottas and Stubbendieck (2005). 

Current Condition and Trend 

Distribution and Abundance of Diverse Native Plant Communities 

In 2001, an eight county plant inventory project was conducted by the Fort Randall Resource 

Conservation Development District and the South Dakota Division of Resource Conservation 

and Forestry. The counties surveyed included Bon Homme, Brule, Buffalo, Charles Mix, 

Yankton, Gregory, Lyman, and Tripp counties. A total of 94,583 trees and shrubs were 

inventoried and the results showed that the naturally occurring forest within the entire study area 

was comprised of 75% hardwoods (Stukel 2002). Stukel (2002) found that the most common 

trees with a diameter at breast height (DBH) of 20 cm or greater (in all counties of the study 

area) were oak , ash  (21%), eastern red cedar (17%), elm (15%), box elder (Acer negundo) (5%), 

hackberry (Celtis spp.) (4%), cottonwood  (4%), or other (1%). Cottonwood regeneration was 

lowest and eastern red cedar regeneration was highest in the areas inventoried (Stukel 2002). 

Bon Homme and Yankton Counties (which border MNRR) had similar results, with oak, elm, 

and easter red cedar as the highest percent composition (Stukel 2002). Table 36 and Figure 30 

summarize the total number of trees, along with percent composition of trees in Bon Homme and 

Yankton Counties, which border MNRR.  
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Table 36. Tree composition in Bon Homme and Yankton Counties, SD (Stukel 2002). 

 

Bon Homme Yankton 

 Species Total % Composition Total % Composition 

Oak  420 27.15% 212 20.60% 

Cedar  385 24.89% 185 17.98% 

Elm  356 23.01% 236 22.93% 

Cottonwood  100 6.46% 95 9.23% 

Hackberry  90 5.82% 62 6.03% 

Ash  78 5.04% 137 13.31% 

Boxelder  47 3.04% 9 0.87% 

Honeylocust  28 1.81% 33 3.21% 

Basswood  20 1.29% 5 0.49% 

Mulberry  16 1.03% 7 0.68% 

Willow  6 0.39% 2 0.19% 

Black Walnut  1 0.06% 1 0.10% 

Ponderosa Pine  0 0.00% 4 0.39% 

Silver Maple  0 0.00% 41 3.98% 

Total: 1,547 100.00 1,029 100.00 

 

Figure 30. Tree composition in Bon Homme and Yankton Counties, SD (Stukel 2002). 

The NPScape (2009) project examined 2001 National Land Cover Data (NLCD) on 1.5 million 

hectares within a 30-kilometer buffer of MNRR boundaries. This identified general land cover 

classes of the greater MNRR area. The primary land cover type within this buffer (including 

within the park boundaries) was cultivated agriculture (43.85%). The other predominant land 
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cover types included grassland/herbaceous, pasture/hay, developed open space, deciduous forest, 

open water, and emergent herbaceous wetlands (Table 37, NPScape 2009). 

Table 37. Land cover classes within a 30-km buffer of the MNRR park boundaries (NLCD 2001 data 
reported 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 3,791,374 100 

Dixon et al. (2010) examined change in forest area from 1892 through 2006 within several 

segments of the Missouri River (Figure 31). The 39-mile reach from Fort Randall Dam to the 

Niobrara River and from the Niobrara River to the Lewis and Clark Lake showed an 

approximate decrease in forest area by 18% and 95%, respectively. The large decrease in forest 

area in the Fort Randall reach was due to the Niobrara River confluence and Lewis and Clark 

Reservoir. Almost all of this area was converted from forest, shrubland, grassland, and cropland 

to reservoir (75%) and wetland (25%). The 59-mile reach saw a decrease of approximately 45%. 

 

Figure 31. Percent change in total forest area per study segment from 1892 through 2006. Total forest 
area includes both cottonwood and non-cottonwood types (from Dixon et al. 2010). 
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Fort Randall 39-mile reach 

Dixon et al. (2010) determined from 2006 aerial photography for the Fort Randall to Niobrara 

River reach of the Missouri River that the floodplain was 33.3% forested stands including at least 

15% cottonwood. Other land cover types in this reach included riparian low herbaceous 

vegetation (17.94%), upland grassland (16.19%), wet meadow/mesic grassland (10.09%), 

riparian low shrub (7.7%), emergent wetland (6.96%), non-cottonwood (< 15%) floodplain forest 

(4.17%) followed by a mix of woodland, shrubland, and upland forest (3.6%) (Dixon et al. 

2010). Table 38 displays the land cover type from Dixon et al. (2010) analysis of 2006 aerial 

photography. Table 38 does not include Verdigre Creek or Niobrara River sections and only 

covers floodplain areas of MNRR.  

Table 38. Area and percent composition of land cover types in the 39-mile reach (Fort Randall Dam to 
Niobrara River mouth), 2006 (Dixon et al. 2010). 

Land cover in the 39-mile reach 
Area 

% Composition 
ha acres 

Forest (cottonwood at least 15%) 1,851 4,568 33.29 

Riparian low herbaceous vegetation 996 2,461 17.94 

Upland grassland, pasture 899 2,221 16.19 

Wet meadow / mesic grassland 560 1,384 10.09 

Riparian low shrub with cottonwood  427 1,056 7.70 

Emergent wetland 387 955 6.96 

Non-cottonwood (cottonwood <15%) floodplain forest 232 572 4.17 

Riparian low shrub w/o cottonwood 53 130 0.95 

Non-cottonwood (cottonwood <15%) woodland 43 107 0.78 

Non-cottonwood shrubland 39 97 0.71 

Planted cottonwood trees 39 95 0.69 

Shrubland (with cottonwood) 21 52 0.38 

Upland forest (not in floodplain) 10 23 0.17 

Totals: 5,557 13,721 100 

Figure 32 illustrates changes in the Fort Randall reach (from Fort Randall Dam to Niobrara River 

mouth) from 1890 to 2006. The greatest change occurred from 1892-1950s with expansion of 

agriculture (Dixon et al. 2010). Additional increases in river and wetland areas occurred from the 

1950s to 2006 as a result of reservoir development (Dixon et al. 2010). Forest cover increased 

from 1983 to 2006, due to conversion of shrubland (saplings and pole stands) to forest through 

growth and maturation (Dixon et al. 2010). 
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Figure 32. Fort Randall reach (from Fort Randall Dam to Niobrara River) land cover changes 1890 to 
2006 (Dixon et al. 2010). Note: graphs were recreated without urban data. 

The Fort Randall reach from the Niobrara River into the Lewis and Clark delta area have also 

seen increased river and wetland areas by 75% and 25%, respectively (Figure 33). 

 

Figure 33. Fort Randall reach (from Niobrara River to Lewis and Clark Lake) land cover changes 1890 to 
2006 (Dixon et al. 2010). Note: graphs were recreated without urban data. 

Gavins Point Dam 59-mile district 

Dixon et al. (2010) found land cover in the 59-mile reach composed of forest (56.9%), upland 

forest (9.99%), upland grassland (9.71%), riparian low shrub with cottonwood (7.69%), 

shrubland (4.64%), non-cottonwood floodplain forest (3.92%), and a combination of other 
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riparian, woodland, and shrubland (7.2%). Table 39 displays the land cover type from Dixon et 

al.ôs (2010) analysis of 2006 aerial photography. 

Table 39. Land cover type in the floodplain (bluff to bluff) of the 59-mile reach, 2006 (Dixon et al. 2010). 

Land cover in the 59-mile reach 
Area 

% Composition 
ha acres 

Forest (cottonwood at least 15%) 4,707 11,631 56.90 

Upland forest (not in floodplain) 827 2,043 9.99 

Upland grassland, pasture 803 1,985 9.71 

Riparian low shrub with cottonwood 636 1,571 7.69 

Shrubland (with cottonwood) 384 948 4.64 

Non-cottonwood (cottonwood <15%) floodplain forest 325 802 3.92 

Riparian low herbaceous vegetation 246 607 2.97 

Woodland (cottonwood at least 15%) 239 592 2.90 

Riparian low shrub w/o cottonwood 74 182 0.89 

Non-cottonwood shrubland 32 80 0.39 

Totals: 8,273 20,441 100 

A four-year quantitative inventory vegetation project is underway within MNRR (Stevens et al. 

2010). Preliminary data suggests that approximately 12,600 ha (31,100 acres) or 45% of MNRR 

is non-vegetated aquatic habitat (Stevens et al. 2010). The other 55%, which is considered 

vegetated habitat, will be included in their study (114 species of vegetation in MNRR with 34 

known species and 80 potentially occurring). Table 40 displays known and potential vegetation 

types (including wetland) in MNRR (using the Steinauer and Folsmeier [2003] classification) 

(Stevens et al. 2010). 
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Table 40. Preliminary list of vegetation types of MNRR (reproduced from Stevens et al. 2010). 

Steinauer and Rolfsmeier (2003) Name 
Occurence in MNRR  
(k= known, p = potential) 

Wetland (w) 

American Lotus Aquatic Wetland p w 

Buckbrush Shrubland p w 

Buffaloberry Shrubland k w 

Bur Oak - Basswood - Ironwood Forest  k 
 

Cattail Shallow Marsh k w 

Chokecherry - Plum Shrub Thicket p 
 

Cottonwood -Diamond Willow Woodland k w 

Cottonwood-Peachleaf Willow Riparian Woodland k w 

Dry-Mesic Bur Oak Forest and Woodland k 
 

Eastern Bulrush Deep Marsh k w 

Eastern Cordgrass Wet Prairie k w 

Eastern Cottonwood- Dogwood Riparian Woodland  k w 

Eastern Pondweed Aquatic Wetland k w 

Eastern Riparian Forest  k w 

Eastern Sand Prairie and Sandhills Dry Valley Prairie k 
 

Eastern Sandstone Bluff k 
 

Eastern Sedge Wet Meadow k w 

Freshwater Seep k w 

Green ash - Elm - Hackberry Canyon Bottom 
Woodland 

p 
 

Northern Chalk Bluff and Cliff k 
 

Lowland Tallgrass Prairie k 
 

Missouri River Floodplain Terrace Grassland k 
 

Missouri River Valley Dune Grassland k 
 

Northern Cordgrass Wet Prairie p w 

Northern Loess/Shale Bluff Prairie k 
 

Reed Marsh k w 

Riparian Dogwood-False Indigobush Shrubland k w 

Sandbar/Mudflat k w 

Sandbar Willow Shrubland k w 

Sandbar Willow Shrubland and Perennial Sandbar k w 

Sandhills Dune Prairie p 
 

Threadleaf Sedge Western Mixedgrass Prairie p 
 

Upland Tallgrass Prairie k 
 

Water-lily Aquatic wetland p w 

The Gavins Point reach is one of the most natural and least altered segments in the Lower 

Missouri River because it is located below the furthest downstream dam and is unchannelized 

(Dixon et al. 2010). This reach has physical characteristics of pre-dam conditions (Schneiders 

1999), but has experienced large changes in plant communities since 1890 (Figure 34). Dixon et 

al. (2010) reported large decreases in plant communities (grassland, forest, and shrubland) and 

large increases in cropland, with most of the large changes occurring between 1892 and 1956. 

Overall, MNRR saw a decline in forest, shrubland, and grassland habitats in both the 39-mile and 

59-mile reaches, but an increase in wetland habitat in the Niobrara River to Lewis and Clark 

Lake delta area (Dixon et al. 2010).  
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Figure 34. Gavins Point reach land cover changes from 1890 to 2006 (Dixon et al. 2010). Note: graphs 
were recreated without urban data. 

Amount of Vegetation in Diverse Seral Stages 

The amount of vegetation in diverse seral stages has only been documented for cottonwoods. 

Seral stages of cottonwoods could be comparable to the ñintermediateò stand age (25-50 years 

old) classification in Dixon et al. (2010). In the 39-mile reach, 22% of the cottonwood stands 

were of intermediate age and in the 59-mile reach, 33% of cottonwood stands were of 

intermediate age (Dixon et al. 2010). Refer to the cottonwood assessment (Section 4.5 of this 

document) for further information on cottonwood stand age. 

Amount of Islands and Sandbar Habitat 

Fort Randall 39-mile reach 

Elliot and Jacobson (2006) mapped over 1,700 bars based on 1999 orthoimagery from Fort 

Randall Dam to Sioux City, Iowa. Table 41 shows islands and sandbars for the Fort Randall 39-

mile reach divided into two reaches: free-flowing reach and Lewis and Clark delta reach. 

Upstream of the Niobrara River confluence is the free-flowing reach and downstream of the 

confluence is the delta reach. In 1999, there were 322 islands in the free-flowing reach compared 

to 703 in the delta reach. There were 5.6 islands/km in the free-flowing reach and 26.6 

islands/km in the delta reach. On average, there were 1.4 sandbars/km in the free-flowing reach 

and 4.2 sandbars/km in the delta reach. Elliot and Jacobson (2006) note that in the delta reach, 

sandbars were smaller and were only present in the former Missouri River thalweg. 
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Table 41. Fort Randall 39-mile reach 1999 island and sandbar statistics (Elliot and Jacobson 2006). 

Reach Number Bars / km Total bar area (ha) Bar area / km (ha) Mean bar area (ha) 

Islands 

39-mile free 
flowing 
reach 

322 5.6 1,749 31 5.4 

39-mile delta 
reach 

703 26.6 4,414 167 6.3 

Total: 1,025 - 163 198 12 

Sandbars 

39-mile free 
flowing 
reach 

82 1.4 302 5.0b 3.7 

39-mile delta 
reach 

111 4.2 232 9.0 2.1 

Totals: 193 - 534 14.0 5.8 

Gavins Point 59-mile reach 

Elliot and Jacobson (2006) examined the prevalence of sandbars in the 59-mile reach of MNRR 

from seven different years of orthoimagery: 1941, 1996-1999, and 2003-2004. There were fewer 

vegetated bars in 1941 compared to 1996-1999 and 2003-2004, but vegetated bar area was larger 

in 1941 (Elliot and Jacobson 2006). ñThis difference results from the prevalence of long, off-

channel chutes in the pre-dam riverò (Elliot and Jacobson 2006, Figure 35). 

 

Figure 35. The number of off-channel features identified by image year within MNRR (reproduced from 
Yager 2010). 

The number of sandbars in the 59-mile reach has remained fairly stable (up to 2006) (Elliot and 

Jacobson 2006). In 2003 and 2004, there were 6.2 and 7.2 bars/km, respectively (Elliot and 

Jacobson 2006). These data are similar to the number of sandbars in 1996: 6.5 bars/km. During 
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high flows in 1997, most of the sandbars were submerged, which is reflected by the lower 3.5 

bars/km value (Elliot and Jacobson 2006). From 1997-1999, there were fewer sandbars per 

kilometer (3.5, 3.6 and 3.0 respectively) compared to all other post-dam sandbar data available in 

this study. During 1998, even though the number of sandbars per km were comparatively low for 

the post-dam period, the total area of sandbars and the mean bar area were the highest for that 

period (Elliot and Jacobson 2006, Table 42).  

Table 42. Multi-year bar analysis in the 59-mile reach of MNRR (reproduced from Elliot and Jacobson 
2006). 

Year Discharge (m/s) Total number Number per km Total area (ha) 
Mean bar area 

(ha) 

Islands 

1941 795  46 0.5 4,534  99 

1996 1,104  118 1.3 1,486  13 

1997 1,826  589 6.7 1,212  2 

1998 736  45 0.5 1,209  27 

1999 1,025  90 1.0 1,420  16 

2003 800  93 1.1 1,793  19 

2004 747  145 1.7 1,921  13 

Sandbars 

1941 795  312 3.6 1,804  6 

1996 1,105  568 6.5 840  1 

1997 1,825  309 3.5 108  0.4 

1998 735  312 3.6 2,022  6 

1999 1,025  262 3.0 532  2 

2003 800  540 6.2 858  2 

2004 750  634 7.2 492  1 

Data from Elliot and Jacobson (2006) show that from 1941 to 2004 island bar area decreased 

58% and sandbar area decreased 73%. Dixon et al. (2010) report sandbars within the MNRR 

Gavins Point Dam to Ponca, NE reach declined 48% between 1892 and 1956. 

Creating and Maintaining Sandbar Habitat 

USACE uses various methods to create sandbar habitat, including: placement of dredged 

material, low flow releases, mowing, and herbicide spraying of encroaching vegetation. USACE 

(2005a) describes a vegetation removal project that included 76 island bars on approximately 

505 ha (1,248 ac) located along three reaches of the Missouri River: (1)275 ha (681 ac) 

downstream from Gavins Point Dam located between River Mile (RM) 756 and 805; (2) 76 ha 

(190 ac) between Fort Randall Dam and Lewis and Clark Lake located between RM 832 and 

870; and (3) 152 ha (377 ac) below Garrison Dam in North Dakota located between RM 1284 

and 1330. In 2004, 58 ha (145 ac) in the Gavins Point reach were sprayed, and additional islands 

were identified and sprayed in 2005 and 2006 (Table 43). 
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Table 43. Vegetation management on island bars within Gavins Point reach, 2004ï2007 (Duberstein and 
Downs 2008). 

River Mile  Herbicide Mowed Comment 

756.6 2004 2005 and 2006 Lower portion 

756.8 2005 2006 Upper portion 

757.2 2005 2006 
 

759.2 2005 Spring 2006 Nesting not in treated area 

759.5 2005 Not Mowed 
 

768.0 2005 Not Mowed  
 

773.0 2005 2007 
 

777.7 2004 and 2005 2007 
 

778.5 2005 Not Mowed 
 

778.7 2005 2007 Now eroded away 

781.5 2004 2005 
 

782.5 2005 2007 Nesting not in treated area 

783.0 2005 2007 
 

784.5 2005 2007 
 

785.2 2005 2007 
 

786.0 2005 2007 
 

788.5 Not Sprayed Not Mowed 
 

789.5 2005 2007 
 

790.0 2005 2007 
 

790.9 2005 2007 
 

793.3 2005 Not Mowed 
 

793.5 2005 2007 
 

794.0 2005 2007 
 

795.3 2005 2007 
 

796.0 2005 Not Mowed 
 

796.5 2005 2007 
 

797.0 2005 2007 
 

799.0 2005 2007 
 

801.1 2005 2006 Partially sprayed/mowed 

Emergent sandbar habitat (ESH) is used for nesting and rearing by the endangered piping plover 

and nterior least tern (USFWS 2003). These birds nest on sandbars in the Missouri River and 

along reservoir shorelines (USACE 2010a). ESH is most effective for these species when there is 

no vegetation present and there is sufficient elevation to avoid flooding during spring-pulse 

flows, navigation flows, or storm runoff. The results of a study performed by Duberstein and 

Downs (2008) indicated that least terns and piping plovers have successfully reproduced on the 

USACE constructed ESH at or above the levels stipulated in the BiOp. Within the Gavins Point 

reach, both terns and plovers use sand bars that are exposed during low flow releases or through 

vegetation removal by herbicide spraying or mowing (Duberstein and Downs 2008). Piping 

plover and least tern are covered in more detail in Chapter 4.7 of this document. 
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Wetland Distribution, Type, and Location 

According to USACE (2004), in 1991, the 39-mile reach was approximately 48% water, 33% 

riparian vegetation, and 19% wetland (Table 44). This 1991 data was mapped by USACE using 

the Cowardin et al. (1979) wetland classification; this is the same classification used in USFWS 

National Wetland Inventory (NWI) data. Riparian forest, composed of cottonwood, green ash 

(Fraxinus pennsylvanica), Russian olive (Elaeagnus angustifolia), slippery elm (Ulmus rubra), 

and box elder were the dominant vegetation in the 39-mile reach. Wetlands in the 39-mile reach 

include 56% emergent, 30% forested mixture, and 14% other wetland types. The emergent 

wetlands supported a mix of reed canary grass (Phalaris arundinacea ) and common reed 

(Phragmites australis). The forested wetlands were characterized by a mix of peachleaf willow 

(Salix amygdaloides) and cottonwood with some sandbar willow (Salix exigua) as well. 

Expansive areas of cattail (Typha spp.) mixed with softstem bulrush (Scirpus validus) comprised 

old channels and backwaters (USACE 2004).  

Table 44. Amount of wetland and riparian areas for Fort Randall (39-mile reach) and Gavins Point (59-
mile reach) of MNRR, 1991 (USACE 2004, Weeks et al. 2005). 

Wetland/Riparian Type 39-mile reach (ha) 59-mile reach (ha) 

Emergent 680 995 

Scrub Shrub 183 1,018 

Forested 359 75 

Exposed Shore 120 220 

Riparian Forest 1,835 1,598 

Riparian Shrub 79 353 

Riparian Grass 228 645 

Total: 3,487 4,908 

In 2005, the 59-mile reach consisted of approximately 58% water, 23% riparian vegetation, and 

19% wetland (Weeks et al. 2005). Agricultural clearing has severely reduced the riparian 

vegetation along the 59-mile reach. The riparian vegetation was dominated by over 50% 

cottonwood forest with lower densities of green ash, slippery elm, red cedar, Russian olive, 

mulberry (Morus spp.), and box elder (Weeks et al. 2005). The sparse herbaceous layer beneath 

mature cottonwood consisted mostly of scouring rush (Equisetum variegatum), Kentucky 

bluegrass (Poa pratensis), smooth brome (Bromus inermis), and switchgrass (Panicum virgatum) 

(Weeks et al. 2005). Kentucky bluegrass, smooth brome, and other invasive grasses and weeds 

dominate riparian grasslands (Weeks et al. 2005). Wetlands in the 59-mile reach were 49% 

scrub-shrub and 48% emergent (Weeks et al. 2005). Scrub-shrub wetlands typically occur as 

dense stands of young sandbar willow, and less frequently as inundated sandbars comprised of 

peachleaf willow and cottonwood (Weeks et al. 2005). Most emergent wetlands consisted of reed 

canary grass or a mix of hydric and mesic species. Cattails occurred in old channels, backwaters, 

and near islands (Weeks et al. 2005). 

Wetlands increased from 10-25% in the Fort Randall reach, predominantly related to the 

Niobrara River confluence and the Lewis and Clark Lake delta (Dixon et al. 2010). 
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Depth and Substrate Diversity 

Few benthic studies have been conducted within MNRR, but recent sturgeon habitat assessments 

and mussel surveys illustrate the importance of depth and substrate diversity. Sturgeon habitat 

assessments show depth, water velocity, and substrate as the three main physical habitat 

preferences for benthic organisms (Elliot et al. 2004, DeLonay et al. 2009, Reuter et al. 2009). 

Optimal sturgeon habitat is generally found in minimally engineered and unchannelized river 

reaches (Reuter et al. 2009). A minimally engineered river segment is shallow, wide, with 

relatively low mean velocity (Reuter et al. 2009). An example of a minimally engineered river 

segment is the Missouri River from Gavins Point Dam to Ponca State Park. In addition, Elliot et 

al. (2004) found pallid sturgeon to prefer deeper areas, ranging from 3.5-6.5 meters. In a 

bathymetric study performed on an 11 mile section of the 59-mile segment (from RM 798-787), 

Christensen (2010) found depths to range from 0.5-7.3 meters, with the majority of depths in the 

0.5-2.75 meter range. Christensen (2010) also found depths of 3.5-6.5 meters (which pallid 

sturgeon prefer), but they were less common than shallower areas. 

In addition to depth, hard substrate (such as rock, rubble, or gravel) is vital to the success of all 

benthic organisms including mussels and gravid sturgeon (Jacobson and Galat 2008). Pallid 

sturgeon deposit sinking eggs that adhere to hard substrates (Jacobson and Galat 2008) and 

mussel beds are generally formed on stable rock, pebble, or sand substrate (Ecological 

Specialists 2005). In addition, Elliot et al. (2004) found pallid sturgeon avoid areas with mud and 

submerged vegetation. In general, the Fort Randall and Gavins Point Dams act as catchments, 

blocking a large amount of substrate from moving downstream (USACE 2010b). However, the 

areas below the dams are armored with gravel, providing habitat for many benthic organisms 

(Macy, pers. comm., 2010). Missouri River tributaries provide some natural substrate deposition, 

but they do not replace the natural load from the main stem of the Missouri River (DeLonay, 

pers. comm., 2011). See Erosion and Depositional Processes (Section 4.2 of this document) for 

more on the areal extent of armoring. 

Amount of Chutes, Backwater, and Shallow-Water Habitat 

Since damming and channelization, the Missouri River has lost nearly all of its natural chutes 

and backwaters (Hesse 1987). Yager (2010) found that from 1941 to 2008, the total and mean 

areas of off-channel features (i.e., backwaters and chutes < 100 m wide) declined by 70% and 

55%, respectively. In addition, clear water that is released from the dams has directly caused 

channel bed degradation. This degradation has resulted in incised channels, a lowered floodplain, 

and subsequent drained backwaters (Hesse 1987, USACE 2008).  

USACE (2008) illustrates the amounts of chutes and backwaters for the Fort Randall reach by 

geomorphic reach (GR) as classified by Biedenharn et al. (2001) (Table 45). The overall total 

SWH area in 1977 was 18% backwater and 82% chutes within the Fort Randall reach. 
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Table 45. Chute and backwater habitat from 1977 aerial photographs and 1960 river mile for the Fort 
Randall reach (USACE 2008). 

Geomorphic 
Reach 1960 RM 

Backwater 
Habitat 
(acres) 

Chute 
Habitat 
(acres) 

Total 
Backwater/Chute 
Habitat (acres)  

Backwater 
(%) 

Chute 
(%) 

GR 1 879.3-874.8 8.3 26.9 35.3 24 76 

GR 2 872.0-868.0 4.6 76.9 81.5 6 94 

GR 3 867.0-862.6 32.9 127.5 160.4 21 79 

GR 4 861.5-854.7 28.5 123.1 151.6 19 81 

GR 5 853.1 41.5 68.1 109.5 38 62 

GR 6 850.8-844.2 25.4 226.4 251.8 10 90 

Totals: 
 

141.2 648.9 790.1 18% 82% 

The number and area of natural backwaters and chutes have changed over time (Table 46, Figure 

36). Yager (2010) reports the overall number of off-channel features (chutes and backwaters as 

indicated by imagery) increased slightly from 1941 (30 features) to 1985 (35 features) and 

declined by 2008 (20 features). Total area of chutes and backwaters has decreased 70% from 

1941 to 2008 and total area of side channels has decreased 77% over the same period (Yager 

2010). These decreases are largely due to flow regulation, which has caused channel bed 

degredation and disconnection of the natural floodplain (Yager 2010). The disconnection from 

the historic floodplain causes off-channel features to convert to backwaters, which eventually dry 

up without periodic high flows (Yager 2010). 

Table 46. Historical changes of off-channel features in MNRR (Yager 2010).  

Image Year Feature Type  
Total 

Number 

Total 
Length 

(m) 

Mean 
Length 

(m) 
Total Area (ha) Mean Area (ha) 

 2008  
Restored 
backwater  

4 4,723 1181 21.157 5.289 

  Backwater  11 6,874 625 31.039 2.822 

  Side channel  9 12,567 1396 80.043 8.894 

  All natural features  20 19,441 972 111.083 5.554 

 1983-1985  Backwater  15 9,823 655 26.961 1.797 

  Side channel  20 29,390 1470 135.875 6.794 

  All natural features  35 39,213 1120 162.837 4.652 

 1941  Backwater  5 3,692 738 22.164 4.433 

 
Side channel  25 60,033 2401 350.455 14.018 

  All natural features  30 63,725 2124 372.619 12.421 
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Figure 36. Total off-channel habitat area, including side channels and backwaters (1941 to 2008) (Yager 
2010). 

Great changes in areas of natural backwaters and side channels have occurred over time (Figure 

35), with a progressive decline in the number of side channel habitats and a shift in the ratio of 

side channels to backwaters (Yager 2010). In 1941, 83% (25 of 30) of the identified off-channel 

features were side channels (Yager 2010). By 1983-85, the number of side channels declined 

(from 25 to 20) and the number of backwaters increased (from 5 to 15) (Yager 2010). 

ñCumulative changes from 1941-2008 show a sharp decline in the total number of side channels 

(from 20 to 9), and a significant shift in the relative proportions of side channels to backwaters 

(chi2=8.104, df=1, p=0.004)ò (Yager 2010). 

Tracy-Smith (2006) describes SWH as a component of channel-margin and sandbar aquatic-

terrestrial transitional zones (ATTZ). The ATTZs of river-floodplain systems are ecologically 

significant because they provide heterogeneous habitat conditions across space and time (Tracy-

Smith 2006). However, the pre-dam floodplain is now disconnected because of channel incision, 

and the floodplain/islands/bars forming within the incised channel are subject to inundation 

under some flow conditions (Macy, pers. comm., 2010). 

In 2004, USACE began constructing new chutes and backwaters to increase the amount of SWH. 

In addition, backwater areas were created by the Nebraska Department of Roads due to bridge 

construction (S. Wilson, pers. comm., 2010). The newly constructed backwaters include 

Gunderson backwater (RM 777; 11 acres) and Ponca backwater (RM 754) (SDGFP 2010). 

SDGFP (2010) did not indicate acreages for the Green Island/Yankton backwater or Ponca 

backwater. Both the Gunderson and Ponca backwaters were built in relation to nearby ESH 

projects (Yager, pers. comm., 2011). 

Jacobson et al. (2004) studied four side-channel chutes (Cranberry Bend, Lisbon Bottom, 

Hamburg Bend, and North Overton Bottoms) on the lower channelized Missouri River 

(downstream from Gavins Point reach), with each of the chutes showing evidence of erosion and 
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deposition. The Cranberry Bend side-channel chute has existed for over 40 years and continues 

to maintain natural form and process. Extreme flood events from 1993-1996 created the Lisbon 

side-channel chute and this chute has evolved with minimal engineering. The Hamburg chute, 

constructed in 1996, shows evidence of lateral movement and construction of a floodplain. The 

North Overton Bottoms chute is the newest chute and appears to be extremely stable despite two 

floods that included an accumulation of large woody-debris jams (Jacobson et al. 2004). 

Presence of Exotic and Invasive Species 

Asian Carp 

Asian carp found in the Lower Missouri River (LMOR) and Mississippi River systems include 

bighead carp (Hypophthalmichthys nobilis), silver carp (H. molitrix), and grass carp 

(Ctenopharyngodon idella). Bighead and silver carp exist within the 59-mile reach and are 

estimated to be the most abundant large fish (>2.25 kg) in the LMOR, with populations in the 

thousands (Chapman, pers. comm., 2011). Asian carp spawn in the 59-mile reach and in its 

tributaries, such as the James River (Chapman, pers. comm., 2011) In 2004, only six grass carp 

were identified in the 59-mile reach (Weeks et al. 2005), with very few observations since 2004 

(Chapman, pers. comm., 2011). It should be noted that some of these nonnative fishes are 

important recreational species. However, these nonnative recreational species can still alter the 

native fish community. 

Gavins Point Dam has prevented the spread of these exotic invasive species into upper reaches of 

the Missouri River (Chapman, pers. comm., 2011; USFWS 2003). Asian carp are incapable of 

traveling upstream over large dams and thus have not yet been found in large reservoirs on the 

Missouri River (Chapman, pers. comm., 2011).  

Asian carp are a risk to the productivity of the Missouri Riverôs food web because of their 

population size and their plankton and detritus feeding ability (USFWS 2003; Weeks et al. 

2005). Bighead and silver carp are highly invasive species and feed on zooplankton and 

phytoplankton. Grass carp consume vast quantities of large aquatic plants and were brought to 

North America for biological control of pond weeds (Weeks et al. 2005). Bighead and silver carp 

compete with native filter feeding fish and most fish in the early stages that feed on zooplankton 

(CERC 2003). Silver carp also pose a health hazard risk as this species is known for jumping 

many feet in the air and sometimes striking boat passengers (Chapman, pers. comm., 2011). 

Zebra Mussel 

The zebra mussel (Dreissena polymorpha) is an exotic invertebrate species from Europe that was 

first discovered in North America in 1988 and in the Missouri River basin in 1999 (Weeks et al. 

2005). This species spread from the Great Lakes basin through the Illinois and Hudson Rivers to 

the Mississippi River by 1992. Zebra mussels are known for their ability to accumulate on wetted 

surfaces, sometimes referred to as biofouling. Zebra mussels can disperse in the water column in 

their larval stage or in their adult stage by attaching to boat hulls, engines, aquatic macrophytes, 

or other surfaces. Like the Asian carp, zebra mussels feed on zooplankton and phytoplankton and 

compete with other filter feeding organisms (CERC 2003). Zebra mussels also impact native 

mussels by interfering with feeding, growth, locomotion, respiration, and reproduction (Weeks et 

al. 2005). The potential introduction of zebra mussels poses a significant risk to native mussels, 

as well as the entire ecosystem. To date, no zebra mussels have colonized MNRR (Yager, pers. 
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comm., 2011). Zebra mussel veligers (larvae) were independently confirmed in 2003; however, 

despite increased sampling efforts, neither veligers nor adults have been detected since (Yager, 

pers. comm., 2011). 

Terrestrial Invasive Species 

To establish baseline plant species data in 2004, Kottas and Stubbendieck (2005) performed a 

preliminary qualitative assessment of four parks within MNRR: Karl Mundt National Wildlife 

Refuge, Niobrara State Park, Frost Game Production Area, and Bow Creek Bottomland. Invasive 

species were included as part of their study. Kottas and Stubbendieck (2005) indicated 

competitive expansion of eastern red cedar at all the park locations within MNRR, particularly at 

Niobrara State Park and Frost Game Production Area. The following invasive species were 

identified in MNRR: Canada thistle, leafy spurge, and purple loosestrife. According to Kottas 

and Stubbendieck (2005), these species have the potential to overtake much of the area if left 

unchecked. GPS locations of these noxious weeds and species of concern are provided in Kottas 

and Stubbendieck (2005). 

Threats and Stressor Factors 

Bank Stabilization 

Most streambank stabilization efforts are intended to protect infrastructure and other important 

investments by using riprap, gabions, or concrete linings. Fischenich (2003) divides riprap 

stabilization into four basic categories: (1) Armor techniques that include stone placement along 

the bank face preventing erosion from the river current; (2) Flow deflection structures that extend 

outward forcing higher velocity flows away from the bank; (3) Slope stabilization measures that 

include large stone placement at the toe of the bank slope preventing translational or rotational 

failures; and (4) Energy reduction measures include a wide array of techniques for reducing the 

energy gradient of the river. 

Bank stabilization affects riparian areas by increasing water velocity and inhibiting vegetation re-

establishment. Additionally, bank stabilization impacts channel width, natural bank substrate, 

channel bank sediment exchanges, and access to side channels, which are necessary to sustain a 

range of aquatic habitats (Florsheim et al. 2008). Bank stabilization features in MNRR currently 

exist on approximately 33-40% of the 59-mile reach and 12.4% of the 39-mile reach (NPS 

2007).  

Florsheim et al. (2008) discusses the geomorphic bank erosion process and document the 

cumulative effect of river bank stabilization on riparian function and habitat for riparian species. 

Florsheim et al. (2008) also identifies and summarizes the main geomorphic and ecological 

effects of channel bank infrastructure, the potential habitat or ecosystem services lost, and 

examples of organisms affected (Table 47). 
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Table 47. Effects of channel bank infrastructure to control bank erosion (Florsheim et al. 2008).  

Geomorphic and Ecological 
Attribute  

Influenced Habitat or 
Ecosystem 

Examples of Organisms 
Affected 

A) Loss of sediment source: 
   

Supply  Downstream sandbars as 
resting habitat for 

Whooping Crane (Grus 
americana) 

  migrating birds  

    

Grain size  Coarse-grained substrate 
for attachment and 
interstitial space for hiding 
from predators 

Macroinvertebrates (e.g., 
mayflies [Ephemeroptera], 
caddisflies [Trichoptera], 
and stoneflies [Plecoptera]) 

    

B) Loss of geomorphic process:    

Migration  Newly scoured or 
deposited surfaces 

Riparian trees (e.g., 
cottonwood , willow, alder 
[Alnus]) 

    

Widening  Adjustment necessary for 
incised channel to evolve 
toward equilibrium with 
floodplain at elevation to 
support riparian plants 

Riparian trees (see above) 

C) Loss of bank structure:    

Unconsolidated sediment  Vertical banks for wildlife 
burrowing and nesting 

Bank Swallow (Riparia 
riparia) 

    

  Retention of nutrients and 
filter of pollutants 

Macroinvetebrates (see 
above) 

    

Natural biotic and abiotic 
components of land-water 
margin 

 Shoreline microhabitat: 
soft sediment or burrows, 
emergent vegetation to 
cling to; underwater plants, 
snags, roots protruding 
from bank 

Shore-dwelling insects 
(e.g., Neocurtilla); 
Macroinvertebrates (see 
above) 

    

Roughness and irregularity of 
land water margin 

 Variation in near-bank flow 
velocity, refugia during 
storm flows 

Overwintering fish, 
macroinvetebrates (see 
above) 

    

Undercut banks  Protection from predators California shrimp (Syncaris 
pacifica), juvenile fish (e.g., 

Coho salmon 
[Oncorhynchus kisutch]) 
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Table 47. Effects of channel bank infrastructure to control bank erosion (Florsheim et al. 2008). 
(continued) 

Geomorphic and Ecological 
Attribute  

Influenced Habitat or 
Ecosystem 

Examples of organisms 
affected 

D) Loss of riparian forest: 
   Stream-side riparian 

ecosystem willow and 
cottonwood forests 

 Complex riparian 
vegetation, areas for 
wildlife: bird breeding, 
nesting, and safety from 
predators; probing for 
insects under tree bark; 
migration corridor, and/or 
dispersal route; and plants 
structure for vines 

Birds (e.g., willow 
flycatcher [Empidonax 
traillii extimus], Gila 
woodpecker [Melanerpes 
uropygialis], western 
yellow-billed cuckoo 
[Coccyzus americanus 
occidentalis]), reptiles (e.g., 
riparian lizard [Scelopo rus 
occidentalis]), semiaquatic 
mammals (e.g., river otter 
[Lontra canadensis]), 

macroinvertebratres, 
climbing vines (e.g., river-
bank grape [Vitis riparia]) 

    

Overhanging branches, 
leaves 

 Shade, organic material, 
fish food 

Fish, macroinvetebrates 
(nymph and adult stages) 

    

Large woody debris  Reduction in pool 
complexity and depth, loss 
of attachment sites 

Fish, macroinvertebrates 
(see above) 

Florsheim et al. (2008) suggests the placement of each new structure may shift bank erosion to a 

new location, causing a continuous cycle that requires new bank stabilization controls 

downstream. Florsheim et al. (2008) also discussed four alternative solutions to address bank 

erosion issues: (1) Dynamic-process conservation areas, which define zones with sufficient area 

to accommodate bank erosion along with other dynamic processes such as flooding; (2) Erosion 

easements, which would be placed on private or public riparian land to allow bank erosion 

processes to operate; (3) Elimination of direct stressors caused by human activities or land use 

such as placing fences on shore lines to keep cattle from damaging stream banks; and (4) 

Nonstructural approaches that would include planting native vegetation instead of structures 

containing hard rocks, concrete, or construction material. 

There are requests for new stabilization projects and these requests will likely continue into the 

future (Macy, pers. comm., 2011). 

Dam Operations ï Flow Regulation 

Peak Flows: Current dam operations have reduced peak flows compared to historical conditions 

(see Flow Regime, section 4.3 of this document). Reduced peak flows limit fluvial disturbance 

intensity, frequency, and duration (Opperman et al. 2010) that provide environmental 

heterogeneity and high levels of ecosystem biodiversity and production (Stanford et al. 1996).  

Gavins Point Dam releases during the high runoff period during 1995-1997 created substantial 

amounts of bare sandbar habitat in 1998, equaling the amount of sandbars per kilometer and 

exceeding the total sandbar area found in 1941 pre-dam orthophotography (Elliot and Jacobson 
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2006). Aside from the 1995-1997 period, typical peak flow dam releases do not sustain pre-dam 

sand bar habitat (Elliot and Jacobson 2006).  

Peak flows no longer inundate the floodplain, nor recharge oxbows lakes, wetlands, ephemeral 

ponds, backwaters and chutes compared to the historical extent, both as a result of channel 

incision (see Erosional and Depositional Processes, section 4.2 of this document) and lowered 

peak flow discharge (see Flow Regime, section 4.3 of this document). Peak flows are capable of 

pulsing nutrient-rich waters laterally into backwaters and onto floodplains (Stanford et al. 1996). 

Lowered peak flows have likely affected nutrient cycling through backwater and floodplain 

habitats (Macy, pers. comm., 2011).  

Peak flow reductions are one cause of lower bank erosion rates (see Erosional and Depositional 

Processes, section 4.2 of this document) compared to historical rates. Large floods are capable of 

eroding extensive sections of floodplain and stream banks and delivering large volumes of wood 

to the stream channel (Benda et al. 2003). Although Elliot and Jacobson (2006) determined that 

large woody debris was common in the MNRR reaches, Moody et al. (2003) report that Lewis 

and Clark likely encountered a river ñcrowded with snagsò.  

Current dam operations meet the assigned purpose (see Pick-Sloan Flood Control Act 1944) of 

flood control through reservoir storage and managed releases from dams on the Missouri River. 

The managed releases from Fort Randall and Gavins Point Dams will continue to limit peak 

flows to prevent downstream flooding. The reduced peak flows and lower levels of fluvial 

disturbance will continue under the current management scenario; aquatic and terrestrial habitats 

within the river corridor will be shrunken, simplified versions of their former condition in the 

unregulated Missouri River (Graf 2006). Managed releases at the upper level of post-dam flows, 

such as those occurring from 1995-1997, have the ability to create aquatic and terrestrial habitat 

within the regulated river.  

Low Flows: The Flow Regime Section (4.3 of this document) discusses changes in low flow 

discharge, timing and duration for the post-dam period compared to the pre-dam period. The 

post-dam period has higher low flows, shorter duration and the timing has changed from late 

summer through March to late fall through March. 

Higher low flow levels reduce aquatic habitat (sandbars and ATTZ) because of increased stage 

within the river channel. The effects of higher low flows are described by Galat and Lipkin 

(2000): they indicate that for the lower Missouri River (including the MNRR 59-mile reach), 

sand islands and shallow in-channel habitats used by riverine fishes for spawning and nursery are 

flooded or reduced in area during their reproductive season and these circumstances may also 

affect birds and turtles; they identify that protracted summer-fall high flows prevent germination 

of early-successional tree species and moist-soil annual vegetation; and they attribute the decline 

in the Missouri Riverôs native fluvial fishes to the protracted summer-fall high flows and in-

channel habitat loss.  

Current dam operations meet the assigned purpose (see Pick-Sloan Flood Control Act 1944) of 

navigation through reservoir storage and managed releases from dams on the Missouri River. 

The releases from dams needed to sustain downstream navigation will continue under the current 
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management scenario with higher minimum flows that affect sandbar exposure and shallow 

water habitat.  

Temporal Flow Conditions 

The Flow Regime Section (4.3 of this document) discusses changes in the duration and timing of 

both peak flows and low flows. The effects of the protracted summer-fall high flows (compared 

to pre-dam conditions) are addressed above. The effects of post-dam peak flow duration and 

timing on aquatic and terrestrial habitat may not be significant compared to the loss of 

geomorphologically-effective flood events.  

Human Development  

Human development includes activities that modify vegetation and land cover within the river 

corridor. The former floodplain of the Missouri River has towns, farms, roads, and cropland. 

Human development includes: dam construction that created reservoirs, modified stream flow 

affecting channel morphology and floodplain connectivity; a reduction in riparian forests; and 

conversion of forest, grass/shrublands to cropland. Most human development activities affecting 

aquatic and terrestrial habitat are either residual from pre-dam conditions (settlements, land 

cover conversion) or modifications since dam construction such as residential recreational 

developments, bank stabilization, aquifer mining and some land cover conversions. The areal 

extent of most natural pre-dam aquatic and terrestrial habitats has decreased, although some may 

have increased (such as stream bank area) due to the incising channel. 

Loss of Natural Disturbance Regime 

As discussed above, geomorphologically-effective floods do not occur under current operations 

at Fort Randall and Gavins Point Dams. Humans have modified the intensity and frequency of 

disturbance events by dam construction and operation, resulting in suppression or permanent loss 

of environmental heterogeneity and biodiversity and reducing the productivity of biotic resources 

(Stanford et al. 1996). This is not to say that dynamic channel processes no longer occur; 

currently in the MNRR, stream banks erode, large wood is delivered to the stream channel, 

sandbars and islands are created and eroded, and humans are creating backwater, sand bar, and 

shallow water aquatic habitat. The spatial and temporal level of fluvial disturbance is reduced by 

flow regulation and the regulated river is a ñshrunken, simplified version of [the] former 

unregulated riverò (Graf 2006).  

Climatic Patterns and temporal flow conditions (seasonality and duration)  

According to Thorpe et al. (2006), climatic conditions control hydrogeomorphic patch 

characteristics by influencing runoff (including water, sediment, organic matter, and nutrients), 

riparian/floodplain vegetation, and aquatic vegetation. Some areas that may be affected by 

climate conditions are areas with constricted, braided or anabranch channels, extensive 

slackwater areas, and broad floodplains (Thorp et al. 2006). 

Releases from dams are based on reservoir inflow which is driven by climate. High inflows can 

fill drought reduced reservoirs or fill reservoirs to flood pool levels. Releases from dams are 

lower during times of drought and higher when reservoirs are full (Macy, pers. comm., 2011).  

The effect of climate patterns and temporal flow conditions on aquatic and terrestrial habitats has 

not yet been studied within MNRR.  
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Data Needs/Gaps  

¶ Additional vegetation monitoring is needed. To resolve this, NGPN and MNRR are 

establishing long-term vegetation monitoring plans. 

¶ There are no studies regarding climate patterns and temporal variations effects on aquatic 

and terrestrial habitats in the MNRR area. 

¶ Other than Dixon et al. 2010 (for cottonwoods), there are no studies specifically 

examining the diversity of vegetation seral stages within MNRR. 

Overall Condition 

 

Figure 37. Aquatic and Terrestrial Habitats condition graphic. 

Broad changes have occurred in plant communities (forest, woodland, shrubland, low riparian 

herb, grassland, marsh, cropland, and urban grasses) from 1892 to 2006 for the 39-mile and 59-

mile reaches of MNRR. The combination of conversion to cropland, flow regulation, and bank 

stabilization have impacted natural riparian vegetation succession and reduced aquatic habitats 

including off-channel (backwater) habitats of MNRR (Yager 2010). 

Distribution and Abundance of Diverse Native Plant Communities 

The condition of distribution and abundance of diverse native plant communities is of moderate 

concern, largely due to the significant decrease in forested area (Figure 37). The forested area in 

the Fort Randall to Niobrara River reach declined by 18% (Dixon et al. 2010). The forested area 

below the Niobrara River declined by 95% due to aggradation of sediment and the Lewis and 

Clark Reservoir (Dixon et al. 2010). The 45% decline in forested area in the Gavins Point reach 

was due to conversion of native species to agricultural cropland from 1892 to 2006 (Dixon et al. 

Measures Reference Condition Condition

Distribution and abundance of diverse 

native plant communities
Pre-dam

Amount of vegetation in diverse seral 

stages
Pre-dam

Amount of vegetated island and sandbar 

habitat
Pre-dam

Wetland distribution, type, and location Pre-dam

Depth and substrate diversity Pre-dam

Amount of chutes, backwater, and shallow-

water habitat
Pre-dam

Presence of exotics and invasives Pre-exotics and invasive 
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2010). Agriculture increased from less than one percent of the floodplain in 1892 to more than 

76 % today (Dixon et al. 2010). 

Amount of Vegetation in Diverse Seral Stages 

The amount of vegetation in diverse seral stages within MNRR has only been documented for 

cottonwoods. The condition of this measure cannot be determined at this time. 

Amount of Island and Sandbar Habitat 

Island and sandbar habitat is of significant concern, due to the decrease in extent of this habitat in 

MNRR. Sandbar habitat declined by over 50% in MNRR from the 1890s to the 1950s (Figure 

31, Figure 33). Dixon et al. (2010) data suggests that almost all natural sandbars in the Fort 

Randall Dam to Lewis and Clark delta reach have been depleted. Elliot and Jacobson (2006) 

point out that, in the delta reach, sandbars are smaller than in the free-flowing reach and are only 

present in the former Missouri River thalweg. 

Elliot and Jacobson (2006) determined that in the 59-mile district island bars decreased by 58% 

and sandbars by 73% from 1941 to 2004. The total number of islands (Table 42) increased from 

46 islands (pre-dam, 1941) to 145 islands (post-dam, 2006). However, total bar area decreased 

from 1,804 (pre-dam, 1941) to 492 (post-dam, 2006) (58% decrease), which indicates islands are 

much smaller today than prior to dam construction.  

Wetland Distribution, Type, and Location 

The current wetland distribution, type, and location are of moderate concern. Dixon et al. (2010) 

report wetlands increasing 10-25% in the Fort Randall to Niobrara River reach, primarily in 

relation to the developing delta near the mouth of the Niobrara River. However, the water table 

has lowered as a result of channel incision and agricultural practices such as installing drain tile 

to facilitate crop production  by draining wetlands (Macy, pers. comm., 2011). 

Depth and Substrate Diversity  

Overall condition for this measure is unknown. Recent sturgeon habitat assessments illustrate the 

importance of depth and substrate diversity. Pallid sturgeon deposit sinking eggs that adhere to 

hard substrates (Jacobson and Galat 2008) and mussels rely on stable rock, pebble, and sand 

substrate to establish mussel beds; however, flow regulation blocks much of the substrate from 

moving downstream. Jacobson and Galat (2008) hypothesize that spring-pulse flows could 

increase available hard substrate and ultimately increase pallid sturgeon reproductive success. 

Currently, tributaries such as the James River provide an important substrate load to the main 

channel of the Missouri River (DeLonay, pers. comm., 2011). 

Amount of Chutes, Backwater, and Shallow-Water Habitat 

The condition for this measure is of significant concern. From 1941 to 2008, total area of off-

channel features has decreased by 70%, total area of side channels has decreased by 77%, and 

total area of natural backwaters has increased by 41% (Table 46, Figure 36) (Yager 2010). 

However, the backwaters have only increased as a result of changed geomorphology and flow 

regime of the Missouri River (Yager, pers. comm., 2011). In addition, backwaters are being 

drained due to surrounding land use and to a lowered water table due to channel incision (Yager 

2010). Subsequently, the amount of chutes, SWH, and backwaters is of significant concern. In 

2004, USACE began constructing new chutes and backwaters to increase the amount of SWH. 
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The newly constructed backwaters include Green Island/Yankton backwater (RM 806), 

Gunderson backwater (RM 777, 11 acres) and Ponca backwater (RM 754). Both the Gunderson 

and Ponca backwaters were built in relation to nearby ESH projects (SDGFP 2010; Yager, pers. 

comm., 2011).  

Presence of Exotic and Invasive Species 

The presence of exotic and invasive species is of moderate concern. Recent studies on the 

LMOR indicate that populations and number of invasive species are increasing. In the 59-mile 

reach, various species of Asian carp are present with population estimates of silver and big head 

carp in the thousands (USFWS 2003; Weeks et al. 2005; Chapman, pers. comm., 2011). 

However, no zebra mussels have colonized MNRR (Yager, pers. comm., 2011). Along the river, 

invasive plants (e.g., eastern red cedar, Canada thistle, leafy spurge, etc.) are altering isolated 

areas. Kottas and Stubbendieck (2005) indicate that, if left unchecked, invasive terrestrial plants 

could take control of many areas in MNRR. Currently, MNRR and other stakeholders are 

examining 198 plots to determine vegetation composition (Stevens et al. 2010).  

Sources of Expertise 

John Macy, MNRR Hydrologist  

Gia Wagner, MNRR Chief of Resource Management  

Lisa Yager, MNRR Biologist  

Duane Chapman, USGS Fisheries Biologist 

Aaron DeLonay, USGS Ecologist  
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4.5 Cottonwood 

Description 

Historically, cottonwood forests were abundant within the floodplain of the Missouri River 

(Bragg and Tatschl 1977, Johnson 1992, Dixon et al. 2010). During the 1950s and 1960s, flow 

regulation by Missouri River dams changed the flow regime and subsequently affected 

cottonwood regeneration, along with broad landscape-scale configuration of vegetation and 

biodiversity (Johnson et al. 1976, Rood and Mahoney 1990, Johnson 1992, and Miller et al. 

1995, NRC 2002). This flow regulation reduced floods that once maintained the ecological 

health of the cottonwood forests on the Missouri River (Johnson 1992, NRC 2002, Dixon et al. 

2010), and led to long-term changes. Flow regulation reduces peaks in Missouri River discharge, 

preventing high enough flow to allow lateral meandering of the channel needed to create 

recruitment sites for pioneer forest communities dominated by cottonwoods and willows  (Weeks 

et al. 2005). The impoundment of the Missouri has caused sediments carried by the Niobrara 

River and other tributaries such as Verdigre Creek to aggragate, forming a delta and increasing 

groundwater elevations which may reduce cottonwood survival and future recruitment in the area 

around the Niobrara/Missouri River confluence (Weeks et al. 2005). The Missouri River flow 

alterations continue to present implications for the trajectories of change in floodplain forest 

structure, composition, and related biological diversity in the future (Scott et al. 2010). 

While cottonwood forests persist within MNRR, natural regeneration has largely ceased in the 

Missouri River floodplain since the construction of the Missouri River Mainstem Reservoir 

System and Bank Stabilization and Navigation Project (MRRP 2010). In addition, existing 

cottonwood and willow stands are changing in to later successional species compositions, 

including green ash, American elm (Ulmus americana), and box elder (Johnson 1992) (Photo 2). 

The lack of cottonwood regeneration, a reduction in the area of forests (e.g., total forest area in 

the 1890s was reduced by approximately 50% in the 59-mile district by 2006), potential 

reductions in cottonwood vigor, 

and increased mortality in mature 

forests are important concerns for 

the future of cottonwood in 

MNRR and throughout the 

Missouri River. 

A diversity of plant and wildlife 

species depend on cottonwood 

stands for habitat (Dixon et al. 

2010, Benson 2011). The protected 

bald eagle specifically depends on 

large, mature cottonwood trees for 

nesting and roosting (USACE 

2010). Fallen cottonwood trees in 

the river and backwaters create 

habitat for a variety of fish and 

macroinvertebrates (USACE 

2010,. In addition, a diversity of 

plants occur along the Missouri 

Photo 2. Young trees along the Missouri River bank 
(GeoSpatial Services, 2009). 
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River; Dixon et al. (2010) documented more than 530 plant species in a study of cottonwood and 

non-cottonwood floodplain forests and shrublands covering a total of 1,496 km (930 mi) of the 

Missouri River. The authors examined 54 stands (41 cottonwood) in segment 8 (along the 39-

mile districtôs Missouri River floodplain) and 59 stands (41 cottonwood) in segment 10 (along 

the 59-mile districtôs Missouri River floodplain). Examining both cottonwood and non-

cottonwood woody riparian sites, the authors found 177 species in segment 8 and 208 species in 

segment 10,  for a total of 248 species across both segments. 

Measures 

¶ Cottonwood habitat extent (total area and area by river mile (RM) of cottonwood patch 

types). 

¶ Cottonwood age (stand age composition across the landscape provides a measure of 

regeneration). 

Reference Conditions/Values 

Cottonwood conditions as they were before the construction of Gavins Point and Fort Randall 

Dams act as the reference for this assessment. Changes in relative proportions of the landscape 

occupied by riparian forests and current stand ages help create a picture of historic cottonwood 

conditions along the Missouri River. Johnson (1992) calculated the relative proportions of 

overall forest types (not cottonwood exclusively) by age categories in a study of the Missouri 

River on the Garrison Reach in North Dakota (Table 48). Johnson (1992) created a model that 

simulated pre-dam and post-dam alluvium and its relationship to past, present, and future 

proportions of forest types on the Missouri River floodplain; notice the proportions of the various 

stand ages (e.g., equilibrium, transitional, pioneer-old, pioneer-young) (Figure 38). Johnson 

(1992) suggests that a mix of young, transitional, and equilibrium forest stands, driven by the 

natural processes of river flooding and channel migration creates the highest biodiversity in the 

riparian ecosystem. 

Table 48. Changes in the area of forest types on the Missouri River (Garrison reach) floodplain since 
settlement. Numbers are proportions of total forest area (Johnson 1992). 

  
Percentage of Coverage 

Category Time Period Pre-settlement Post Settlement (1979) 

Pioneer Forest (young) <40 years of age 47 6 

Pioneer Forest (old) 40-80 years of age 25 23 

Transitional Forest 80-150 years of age 21 48 

Equilibrium Forest >150 years of age 7 23 
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Figure 38. Simulated forest type proportions for the Missouri River floodplain during pre-settlement (pre-
dam) and after closure of Garrison Dam (post-dam). Erosional/deposition (i.e., meandering ) rates were 
changed in the model at time = 150 years (ca. 1953). Reproduced from Johnson (1992). 

Flow alteration on the Missouri River and a decline in the meandering rate reduced the amount 

of new alluvium produced for cottonwood and willow regeneration and increased the succession 

ages of established forest due to an extension of their life-spans (Johnson 1992). Likewise, peak 

flows (flooding) once drove channel migration, eroding banks, and vegetation on the outer bends 

of the river, which provided a sediment source for the deposition of new alluvium on point bars 

(sandbars on the inside of downstream bends). Now the lack of lateral channel migration and 

deposition of sediment on point bars reduces the opportunity for cottonwood regeneration. In 

addition, the timing of the peak flows plays a role in successful establishment of cottonwood 

seedlings; the trees release their seeds during an approximately four to six week period 

(Mahoney and Rood 1993); then wind and water dispersal usually follows the declining side of 

seasonal peak flow events, when more alluvium is exposed (USACE 2010). Johnson (1992) 

presents a schematic for the successional pattern of cottonwood and willow habitat, identifying 

that new alluvium is critical to the regeneration of cottonwood/willow habitat (Figure 39). 
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Figure 39. Schematic of the vegetation simulation model. Dashed arrows represent erosion losses to the 
alluvium compartment and solid arrows represent succession pathways among forest types. Reproduced 
from Johnson (1992). 

Mahoney and Rood (1998) developed the ñrecruitment boxò model that illustrates the 

relationship between river stage patterns and cottonwood seedling establishment, describing 

sediment bar elevation and timing of river stage patterns that allow for cottonwood seedlings to 

last through at least one season. Dixon and Turner (2006) modified the recruitment box concept 

to develop a model that projected first year seedling establishment for several different riparian 

tree species along the Wisconsin River (Figure 40). Information about the important variables (in 

smaller text on the right side of the diagram) is to be used to model cottonwood succession as a 

part of the USACE Cottonwood Recovery Plan (USACE 2010). To date, there has not been any 

formal work to parameterize a recruitment box model for the Missouri River nor has data been 

collected for this. This type of information may help determine potential parameters in an effort 

to naturalize the flow regime on the Missouri River. 
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Figure 40. Modified recruitment box model structure and important variables (e.g., day of 
season, water level vs. plot elevation, etc.). From Dixon and Turner (2006).  

Data and Methods 

Dixon et al. (2010) conducted a study examining the current (2006) and historic (1892 and mid-

1950s) extent, current age distribution, and plant species composition of plains cottonwood and 

non-cottonwood riparian stands along the Missouri River. This study provides evidence of the 

observations made by Johnson (1992) on a different segment of the Missouri River and 

information for both reference and current conditions in this assessment. Dixon et al. (2010) 

interpreted and digitized land cover from 1892 Missouri River Commission maps published in 

1895, 1950s geo-rectified aerial photography, and 2006 NAIP orthophotography for multiple 

Missouri River segments covering a total of 930 river miles. The authors also mapped stand age 

classes (old growth >114 years, mature 50 to 114 years, transitional 25 to 50 years, poles 10 to 

25 years, and saplings <10 years) of the riparian shrublands, woodlands, and forests (both 

cottonwood and non-cottonwood). Note the age classes did not map precisely onto the split 

between shrubs and trees; some pole-aged stands may have been classified as forest and some as 

shrubs. Also, the stand ages used from Dixon et al.(2010) do not match the successional stages 

identified in Figure 39. However, M. Dixon (pers. comm., 2010) estimates the age ranges of each 

successional stage in Johnson (1992) and characterizes the probable relationship to stand ages 

mapped in Dixon et al. (2010) (Table 49). See Appendix C for descriptions of land cover 

classifications used in the Dixon et al. (2010) study for each of the major categories (e.g., 

shrublands, woodlands, and forests). 



 

137 

Table 49. Johnson (1992) successional stages compared to cottonwood age classes mapped in Dixon et 
al. (2010). The age ranges for Johnson (1992) and the relationship to the age classes mapped are 
estimates proposed by M. Dixon (pers. comm., 2011). 

Johnson (1992) 
Successional Stages 

Age Ranges Dixon et al. (2010) Stand Age Classes 
Age 

Ranges 

Pioneer Young 1-40 yrs 

All of the Sapling Cottonwood <10 yrs 

All of the Pole Cottonwood 10-25 yrs 

Most of the Intermediate Cottonwood 25-50 yrs 

Pioneer Old 40-80 yrs 
Some of the Intermediate Cottonwood 25-50 yrs 

Most of the Mature Cottonwood 50-114 yrs 

Transitional 80-120 yrs 
Some of the Mature Cottonwood 50-115 yrs 

All of theñOld Growth Cottonwood >114 yrs 

Equilibrium 
Older (e.g., pre-dam 

non-cottonwood 
Not a match to cottonwood stands  

When describing the overall condition of cottonwoods in the Missouri River floodplain, 

segments 8 and 10 examined by USACE (2010) and Dixon et al. (2010) are used here as they 

relate to the 39-mile district and 59-mile districts, respectively. Data were queried from a 

geodatabase accompanying Dixon et al. (2010), providing data for tables, figures, and plates 

(maps). Generally the boundaries of the segments follow the historic floodplain of the Missouri 

River, although some relatively small upland (non-historic floodplain) areas were added to 

segment 10 in Dixon et al. (2010). Conversely, in a few areas the study boundaries do not extend 

as far out as what may be considered the outside boundary of the historic floodplain; study 

extents were limited by the extent of the 1890s Missouri River Commission maps. Dixon et al. 

(2010) data do not cover the Niobrara River and Verdigre Creek areas of the 39-mile district, and 

there are some areas of the 59-mile district (e.g., Bow Creek area) outside of the USACE and 

Dixon et al. (2010) study areas (Figure 41). However, these segments characterize the general 

pattern and conditions in the surrounding historic Missouri River floodplains of both MNRR 

districts. Only data within the boundaries of MNRR were used to report cottonwood habitat 

specific to each district (39-mile and 59-mile) within MNRR; otherwise it is noted that the 

original data (i.e., segment 8 or 10) from Dixon et al. (2010) were used. 
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Figure 41. Relationship between the MNRR administrative boundaries and study area boundaries 
(segments) in Dixon et al. (2010). 

In order to characterize stand structure and species composition, Dixon et al. (2010) determined 

stand ages by viewing historic maps and aerial photography and then by sampling stands within 

each age class. The authors sampled a total of 59 stands in segment 10 (along the 59-mile 

districtôs Missouri River historic floodplain or Gavins Point Dam to Ponca, Nebraska). This 

included several stand age categories, sampling the following number of stands in each stand age 

category: 23 stands of >25 yr. old cottonwood, 11 stands of sapling and pole (< 25 yrs. old) 

cottonwood, seven stands of disturbed cottonwood (five >25 yrs old and two pole and sampling 

age), 13 stands >25 yr. old non-cottonwood, and five stands of sapling and pole (<25 yrs. old) 

non-cottonwood.  ñDisturbed cottonwoodò stands are those with an anthropogenically altered 

understory or overstory, as from heavy grazing, selective clearing, or mowing. In segment 8 

(along the 39-mile districtôs Missouri River historic floodplain or Fort Randall Dam to 

Springfield, SD) Dixon et al. (2010) sampled 54 total stands (21 stands >25 yr. old cottonwood, 

12 stands of sapling and pole cottonwood, four stands of disturbed cottonwood, seven stands of 

>25 yr. old non-cottonwood, six stands of sapling and pole non-cottonwood, and four stands of 

planted cottonwood). 



 

139 

Current Condition and Trend 

Cottonwood Habitat Extent 

Across all eight study segments in Dixon et al. (2010), there are approximately 75,632 ha 

(186,890 acres) of cottonwood patch types (forests, woodlands, and shrublands). Segment 8 in 

Dixon et al. (2010) (the historic Missouri River floodplain along the 39-mile district of MNRR) 

contains about 4% of the total cottonwood patch types in the entire study area. Segment 10 

(along the 59-mile district of MNRR) contains approximately 9% of the entire study areaôs 

remaining cottonwood patch types.  

39-mile district 

Forested areas changed less from 1892 to present in segment 8 (along the Missouri River section 

of the 39-mile district) compared with the 59-mile district, with a 16% decline of relative forest 

area. This may have been due, in part, to the floodplain being more constrained by the bluffs than 

in segment 10 and therefore less susceptible to human land conversion, especially conversion to 

agriculture. Since 1892, the total grassland area declined by 96% while total area of cropland 

increased. Relative to other major land cover classes, grassland decreased approximately 34% 

and cropland increased 30% from 1892 to 2006. Figure 42 displays overall relative changes in 

percent cover of major land cover classes from 1892, 1950s, 2006/2008 (Dixon et al. 2010). 

Beyond conversion of lands to cropland, other factors affecting the changes in vegetation from 

1892 to 2006 are the aggradation and degradation that has occurred since the installation of the 

Gavins Point and Fort Randall Dams. The first one-third of the upstream river in segment 8 has 

degraded and the lower half of segment 8 and the delta area of segment 9 have significantly 

aggraded. Aggraded areas exhibit higher surface water elevations, flooding of some vegetated 

areas, and increasing ground water elevations. An example of this occurs at the confluence of the  

Niobrara and Missouri Rivers; Dixon et al. (2010) notes that because of rising water levels, the 

town of Niobrara was relocated to higher ground. Notice the increase in the relative area of the 

river (water) in the study area in Figure 42. Degraded sections can allow for disconnect from the 

riparian areas (floodplain) and the river. This allows areas that were shrubs to succeed to forests 

and, depending on their position in the floodplain, transition eventually to equilibrium forests.  
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Figure 42. Historic changes in the relative coverage of major land cover classes on segment 8 (Fort 
Randall Dam to downstream of Niobrara delta, 39-mile districtôs historic Missouri River floodplain) 
(reproduced from Dixon et al. 2010). 

The current (2006) extent of cottonwood riparian habitats in segment 8 of Dixon et al. (2010) is 

approximately 2,430 ha (6,002 acres) or 17% of the total area examined in that segment. This 

corresponds to 38.7 ha of cottonwood habitat per river-km (159.9 acres per RM). 

59-mile district 

Vegetation composition in the 59-mile district has changed significantly since 1892. This is 

illustrated by major changes in land cover from 1892, 1956, 1982/83, and 2006 as depicted in 

Figure 43 (Dixon et al. 2010). In the historic floodplain surrounding the 59-mile district, land 

conversion from forest to agriculture was the primary cause for a nearly 50% decrease in the 

total area of forest since 1892 (Dixon et al. 2010). In addition to forest loss, the area of sandbar 

and shrubland decreased during this time. As of 2006, grassland and sandbars represent a very 

small portion of the landscape. The limited sandbar area reduced the amount of potential area 

suitable for cottonwood seedling establishment. However, potentially more limiting to 

cottonwood establishment is the lack of overbank flows and the reduction in the amount of river 

meandering (S. Wilson, pers. comm., 2011). Although, from 1983 to 2006, the combined area of 

woody vegetation (forest and shrubland) remained nearly unchanged (forest area actually 

increased slightly as shrubland in the 1980s matured to forest, hence the area of shrubland 

declined slightly), the present-day forest occupies a substantially smaller area and is considerably 

more fragmented than during pre-dam times (Dixon et al. 2010). 
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Figure 43. Historic changes in relative coverage of major land cover classes on segment 10 (Gavins 
Point Dam to Ponca, NE, the 59-mile districtôs historic Missouri River floodplain) (reproduced from Dixon 
et al. 2010). 

The current (2008) extent of cottonwood riparian habitats in segment 10 (the 59-mile districtôs 

historic Missouri River floodplain) totals 6,131 ha (15,144 acres) and represents nearly 8% of the 

total area (land and water) in segment 10 (Dixon et al. 2010). This equates to approximately 65.5 

ha of cottonwood habitat per river-km (260.7 acres per RM). 

A comparison across all segments in the Dixon et al. (2010) study area indicates that segment 10 

has a relatively high mean cottonwood area per km made up of a relatively balanced contribution 

from each major age class, despite the drastic losses in cottonwood coverage. Segment 8 has lost 

a smaller portion of its cottonwood forest; however, segment 8 has less cottonwood and is made 

up of fewer stands under 25 years of age (Figure 44). As mentioned earlier, segment 8 is 

surrounded by a narrower valley and a more constrained floodplain; therefore, it contains less 

suitable cottonwood habitat than segment 10. 
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Figure 44. Mean cottonwood area (ha) per river kilometer, by age class, on each study segment. Lowest 
areas per river kilometer were on two segments containing reservoirs (segments 6 and 9) and the 
relatively free-flowing, but geologically-constrained, Wild and Scenic (segment 0) in Montana (reproduced 
from Dixon et al. 2010). 

Cottonwood Age 

A forest overstory study in a North Dakota Missouri River segment (segment 4 in USACE 

2010), concluded that a natural (non-flow regulated or channelized) river meandering pattern 

helps control the vertical and horizontal distribution of vegetation communities on the 

floodplain, and that the rate of such meandering is a major factor determining the proportion of 

the floodplain area in pioneer, transitional, and terminal forest types (Johnson et al. 1976). Scott 

et al. (1996) found that in addition to channel meandering, fluvial geomorphic processes such as 

channel narrowing and flood deposition create suitable sites for cottonwood establishment. 

However, the channel narrowing that occurs after dam closure eventually stops and subsequent 

recruitment of riparian forests are confined mainly to areas along the channel margins (Johnson 

1998). Some net channel narrowing has occurred on both segments 8 and 10, and much of this is 

represented by 25-50 year old cottonwood stands that may be the result of this channel 

narrowing after the dams were constructed (Dixon, pers. comm., 2011). Dixon (pers. comm., 

2011) also suggests that both segments may be nearing a stage in which subsequent recruitment 

will be limited to the relatively narrow margins of the river channel. 

39-mile district 

The Missouri River floodplain along the 39-mile district is constrained by a relatively narrow 

valley and, therefore, it contains less cottonwood shrublands and forests per river-km than some 

of the other segments examined by Dixon et al. (2010). Most of the forest area, approximately 

67% of the study area, including non-cottonwood areas, established prior to dam closure 

approximately 50 years ago. Most of this area (47%) is in the mature age class (50-114 years 

old). The 25-50 year stand age class comprises 23% and the <25 year age class (sapling and 

pole) together comprise 10% of the forest in segment 8 (along 39-mile districtôs Missouri River 

floodplain). Maps displaying the current (2006) distribution and extent of cottonwood shrubland 

and forests by stand age in the historic floodplain of the Missouri River (determined by Dixon et 

al. 2010, segments 8 and 9) are available in Plate 6, Plate 7, and Plate 8. The 39-mile district is 

split into 3 maps with some geographical overlap in order to provide reference between maps. 
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Examination of cottonwood habitats in the historic floodplain (segment 8) and those only within 

the administrative boundaries of MNRR reveal slightly different proportions of stand age classes 

(Figure 45). The land cover classes chosen for summary in Figure 45 include the following from 

Dixon et al. (2010) cottonwood dominant riparian shrubland, forest (cottonwood at least 15%), 

riparian low shrub with cottonwood, woodland (cottonwood at least 15%), and cabin or managed 

cottonwood areas. 

59-mile District 

The 59-mile districtôs historic floodplain is very wide, in some places over 16 km (9 mi). It is 

important to note that the data presented in Dixon et al. (2010) does not extend to the full valley 

width in this widest part of the historic river valley, as the 1890s maps did not cover this area. 

The floodplain examined by the authors contains a total of 6,562 ha (16,214 acres) of riparian 

shrubland, woodland, and forest vegetation types (including both cottonwood and non-

cottonwood habitats). The greatest percentage (40%) of the floodplain is comprised of mature 

forests (50 to 114 years old), followed by young or intermediate stands (29%; 25 ï 50 years old), 

and old growth (~14%; >114 years old). Pole (10 to 25 years old) and sapling (>10 years old)  

comprise 7% and 10% respectively (Dixon et al. 2010). The existing forests in segment 10 are 

still dominated by cottonwood, but also contain a significant component of native green ash , 

native American elm, native but often considered invasive Eastern red cedar, non-native Russian 

olive, and non-native white mulberry. 

Cottonwood-dominated patch types, which made up over 90% of the area of woody riparian 

vegetation, are also primarily composed of mature (50 to 114 years old) and old growth (>114 

years old) stands with approximately 30% of the cottonwood forest made up of intermediate-

aged stands. Only 11% and 7% of the total area of existing cottonwood stands are in the sapling 

and pole size, respectively (Figure 45). Proportions of stand ages by area remain similar when 

examining the study area within the administrative boundaries of the 59-mile district (Figure 45). 

However, slightly higher percentages of sapling, pole, and intermediate aged cottonwood stands 

are present when examining the forests only within the administrative boundaries (clipped from 

the original segment 10 data in Dixon et al. (2010)). The 59-mile district is split into three maps 

in Plate 9, Plate 10, and Plate 11 to display the current (2006) distribution and extent of 

cottonwood shrubland and forests by stand age in the historic floodplain of the Missouri River 

(determined by Dixon et al. 2010, segment 10) in and surrounding the 59-mile district of MNRR. 

Note that some geographical overlap across sequential maps was used intentionally in order to 

provide reference between maps. 

Dixon et al. (2010) suggest that the reason for a large percentage of cottonwood forest in the 

intermediate age class (trees established after the closing of the Gavins Point Dam), may be due 

in part to a flood in 1952 (peak of 480,000 cfs at Yankton, SD) which created significant 

sediment and bar formations just before dam closure. After the dam closure, channel degradation 

may have increased favorable sites for cottonwood recruitment and the lower peak flows would 

have protected young stands from peak flows and ice scour. Dixon (pers. comm., 2011) notes 

that cottonwood regeneration was fairly extensive post-dam (like several other segments) for the 

first couple of decades after dam closure, but apparently has experienced lower recruitment rates 

in the 25 years since then; the saplings and poles occupy a smaller area than the 25-50 year age 

class. Also noted as an important consideration in comparing the proportions of stand area 

established in the pre- and post-dam time periods, considerable loss of older forest due to land 
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use conversion occurred after 1892 and 1955/56 (Dixon et al. 2010). If the area of older forest 

was included, then the area of forest <50 years old would represent a much smaller percentage of 

total forest area. 

 

Figure 45. Percent composition of cottonwood stand ages by MNRR district, both the Dixon et al. (2010) 
segments and the MNRR districts. The segments represent original data from Dixon et al. (2010) and 
each MNRR district represents data clipped to the MNRR park boundaries; segment 10 data were clipped 
to the 59-mile district boundaries and segment 8 and a small portion of segment 9 data were clipped to 
the 39-mile district boundaries. Data shown here include the following land cover classes identified in 
Dixon et al. (2010): Cottonwood dominant riparian shrubland, Forest (cottonwood at least 15%), Riparian 
low shrub with cottonwood, Shrubland with cottonwood, Woodland (cottonwood at least 15%), and Cabin 
areas or managed cottonwood areas. 

Threats and Stressor Factors 

The following are stressors that may influence vegetation and landscape patterns in the Missouri 

River floodplain, each followed by a brief discussion of their context in MNRR. 

Forest clearing for agricultural cropland and urban or exurban expansion 

Clearing of land for various human uses has resulted in dramatic reductions in the area of forest. 

Dixon et al. (2010) found a 42% decline in forest and a 59% decline in shrubland area, together 

representing a 47% decrease in natural woody vegetation across their Missouri River study areas. 

Segment 10 experienced nearly a 50% decline in the total area of forest, with the vast majority of 

forest loss from the mid-1950s to 2006 through conversion to agriculture. Primary gains in forest 

area were through shrublands succeeding to forests (Figure 46;Dixon et al. 2010). However, the 

majority of the total loss and proportional loss of forest was greater from the 1890s to the 1950s 

than the 1950s to present. Although development (i.e., urban and exurban expansion) along the 

river, especially in the 59-mile district has reduced cottonwood habitat along the Missouri River 

banks, losses of cottonwood habitat from development was much lower than the losses to 

agricultural conversion. Most land within the administrative boundaries and surrounding MNRR 

is privately owned, and the most common land use is agricultural row crop production. Refer to 

Plate 1 andPlate 2 in the land cover section (Chapter 4.1) of this document for illustrations of 

land cover change in segment 10 (59-mile districtôs Missouri River historic floodplain) and 
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segment 8/9 (39-mile districtôs Missouri River historic floodplain), respectively, from GIS data 

developed by Dixon et al. (2010). 

 

Figure 46. Net land cover conversions to or from forest in segment 10 (59-mile district of MNRR) from 
1956 to 1984 and 1984 to 2006. Dominant mode of forest loss was conversion to agricultural cropland, 
while dominant mode of forest gain was via maturation of shrubs or saplings to forest (reproduced from 
Dixon et al. 2010). 

Land management (e.g., grazing, vegetation management) 

NLCD LCLU data offer a coarse categorization of land use (Andersen Level II categorization) 

within and surrounding the park. According to NLCD 2001 data used by NPScape in an 

approximately 30 km buffer of the park (the area of analysis used in the NPScape data), of the 

total area, cultivated agriculture comprises 43.8 %, pasture/hay 10.0%, and developed land (open 

space, low, medium, and high intensity) 5%. Within the boundaries of the 59-mile district, the 

composition of LCLU classifications is primarily open water (44.4%), but the major land uses 

are cultivated crops (15.4%), developed open space (1.7%), and pasture/hay (1.0%). Less than 

one percent of the area is classified as developed (low, medium, or high intensity). Within the 

boundaries of the 39-mile district, the majority of the area is open water (45.9%), but land use 

classes are lower in percent of total area. Cultivated acriculture comprises 1.6%, developed open 

space 1.4%, developed low intensity 0.4%, and pasture/hay 0.4%. It is important to note the 

majority of the land in the analysis area and within the 59-mile boundaries of the NPScape data 

are private lands. See the Land cover/Land use section of this document for a map displaying 

LCLU in and around MNRR (Chapter 4.1). 

Dixon et al. (2010) identifies grazing and various vegetation management practices as stressors 

that may influence vegetation and landscape patterns. Livestock grazing has been ongoing in the 

area since the late 1800s. It is unclear how much grazing occurs within the MNRR boundaries. In 

a study of a Montana Missouri River reach, Scott et al. (2003) found that areas subject to long-

term grazing were correlated with low vegetation structural complexity and lower bird diversity 

and abundance. Other land management actions (e.g., haying or set aside land for hunting and 

wildlife viewing) specifically in and along the MNRR boundaries may affect cottonwood 
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habitats. However, the extent of differing land management and associated effects can be 

considered a data gap in this assessment. 

Channel incision and cessation of overbank flooding below dams 

A lowering of streambed elevation (measured via changes in water surface elevation) causes an 

increase in the level of the floodplain relative to the river. This has led to floodplain forests being 

abandoned or isolated from the riverôs historic floodplain, thereby further reducing the potential 

for overbank flooding (Dixon et al. 2010). From 1956 to 2001, segment 10 (59-mile district) 

experienced an average decrease in bed elevation and water surface of 2 meters (West 

Consultants, Inc. 2002), with the greatest channel degradation occurring immediately below the 

Gavins Point Dam. Currently, the total degradation (elevation loss) below the dam is estimated to 

be 3.5 m (12 feet) (Jacobson et al. 2009). Channel degradation also occurred in the upstream 

portions of the 39-mile district (RM 860-841) (Dixon et al. 2010). As a result, riparian forests in 

these areas may be taking on more upland characteristics (e.g., less water availability because of 

lower water table depths resulting in fewer wetland species and greater red cedar in the 

understory). 

Disruption of sediment supply and transport, with resultant declines in formation of alluvial 

surfaces needed for cottonwood recruitment 

Johnsonôs (1992) successional model (Figure 39) identifies the relationship of new alluvium to 

cottonwood/willow successional pathways. Sediment supply and transport has been disrupted by 

the dams and bank stabilization features on the Missouri River. For more information regarding 

sediment supply and transport, refer to the erosional and depositional section of this document 

(Chapter 4.2). This has resulted in a decline in the formation of new alluvial surfaces suitable for 

cottonwood seedling germination. Most cottonwood establishment occurs in bare, moist sites 

protected from intense physical disturbance (USACE 2010). Therefore, in the absence of new 

alluvium (bare, moist sites) cottonwood recruitment is dramatically reduced.  

Cottonwoods in MNRR could also be stressed by possible alterations in available nutrients. 

Johnson et al. (1976) noted decreases in the diameter growth of several major tree species on the 

Missouri River in North Dakota. Because of reductions in soil moisture, the authors 

hypothesized that nutrient enrichment was also reduced with the cessation of periodic flooding. 

These are two important aspects that have likely changed because of alterations in the flow 

regime in both districts of MNRR. However, no specific data and information were available. 

Aggradation with resultant water table rise adjacent to river-reservoir delta areas 

The impoundment of the Missouri River behind Gavins Point Dam causes the sediments carried 

by the Niobrara River and other tributaries such as Verdigre Creek to aggrade, forming a delta 

just downstream of the 39-mile district. This aggradation and subsequent increases in 

groundwater elevations may be related to the loss of cottonwood trees in the area (Weeks et al. 

2005). Dixon (pers. comm., 2011) suggests that cottonwoods do not do well with soil that is 

saturated to the surface and notes there are many dead cottonwoods in this area as portions of the 

land are transitioning to marsh due to rising water levels. 

Non-native plant species and invasive plant species (both native and non-native)  

A portion of the Dixon et al.(2010) study involved on-the-ground, plot-based vegetation 

sampling. Ground level sampling in both segments revealed lower overall percentage of non-
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native plant species and generally higher species richness in the herbaceous-layer, shrub layer, 

and tree layers in cottonwood stands compared with most other segments in the study. Both 

segments (8 and 10) associated with MNRR districts showed significantly lower mean 

percentages of non-native plant species when examining all vegetation layers (herbaceous, shrub, 

and tree) than all other river segments except segment 13. However, the mean percent of non-

native tree species in cottonwood stands were higher in segments 8 and 10 compared with all 

other segments except for the highly modified segment 6 (Oahe Dam to Big Bend Dam). Dixon 

et al. (2010) also note that the relative importance value (the sum of the relative frequency of 

stems, relative density, and relative basal area by stand) of later successional (or equilibrium) 

species increased with the stand age (Figure 47). One of the species showing increasing 

importance values with increasing stand age was non-native, invasive buckthorn. In the 39-mile 

district, Russian olive trees (also an invasive non-native) were common in young stands and 

green ash and red cedar in stands older than 25 years (Dixon et al. 2010). 

 

Figure 47. Relative importance value (sum of relative frequency, density, and basal area of each species 
by stand) of different tree species by cottonwood forest age class in segment 10 (reproduced from Dixon 
et al. 2010). 

Specifically in the 39-mile district, Dixon et al. (2010) note that Russian olive trees have 

colonized micro sites in the flooded area near the delta above Lewis and Clark Lake. They also 

state that the overall proportion of non-native trees was high based on composition (the average 

percentage of tree species that were non-native in each stand), commonly reporting Russian 

olive, white mulberry and common buckthorn (Rhamnus cathartica). Similarly, within the 

riparian forests in the 59-mile district (segment 10 in Dixon et al. 2010), non-native trees and 

shrubs were common including common buckthorn, Russian olive, and white mulberry (USACE 

2010). Dixon (pers. comm., 2011) suggests that non-native species are common within stands of 

the 39-mile district, but native tree species are still dominant. 

Eastern red cedar, a native tree species considered invasive in MNRR, is more abundant in the 

39-mile and 59-mile districts of the Missouri River compared with other river segments in Dixon 

et al. (2010). Dixon and Johnson (2008) hypothesize that along with Russian olive, white 
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mulberry, and common buckthorn, eastern red cedar trees colonize primarily through bird 

dispersal, unlike most of the native floodplain trees whose seeds are dispersed by wind and 

water. Therefore, Dixon and Johnson (2008) suggest that with an increasingly fragmented and 

human-dominated landscape and the elimination of overbank flooding, the recruitment of wind, 

and especially water dispersed trees and shrubs may be reduced in favor of bird dispersed trees 

and shrubs. The competition from non-natives may further reduce the availability of suitable 

cottonwood establishment sites. 

Data Needs/Gaps 

Information regarding cottonwood stand health, including measures such as growth rates, decay, 

and tree condition ratings, may provide a more complete picture of the overall condition of 

existing cottonwood habitats in MNRR. No information is currently available describing the 

extent, regeneration status, or overall condition of cottonwood habitats along the Niobrara River 

and Verdigre Creek areas within the 39-mile district. 

Dixon et al. (2010) suggest that future research should model the rates of cottonwood forest loss 

and determine conditions for successful cottonwood recruitment and if future management 

activities designed to improve cottonwood regeneration should include planting cottonwoods. 

Research should evaluate how planted stands compare to natural stands in their diversity, 

structure, and ecological function. 

Johnson et al. (1976) noted decreases in the diameter growth of several major tree species on the 

Missouri River in North Dakota. Because of reductions in soil moisture, the authors 

hypothesized that nutrient enrichment was also reduced with the cessation of periodic flooding. 

These are two important aspects that have likely changed because of alterations in the flow 

regime in both districts of MNRR. Nutrient enrichment and soil moisture of cottonwood habitats 

are not characterized in the literature for MNRR and data collected in the future may inform the 

proposed Cottonwood Recovery Plan efforts. 

Land management is considered a stressor to cottonwood habitat in this assessment. Land 

management in and around MNRR is only categorized by NLCD as broad land use classes such 

as cultivated agriculture, pasture/hay and four levels of developed lands (developed open space 

and low, medium, and high intensity developed). These data can indicate broad shifts in land use 

with repeat products over time, but do not capture variations in, for example, the intensity of use 

and associated ecological effects nor the various land management practices within each broad 

land use category. Higher resolution maps of land use and examinations of the effects of 

associated practices on cottonwood habitats and cottonwood regeneration within MNRR could 

provide additional understanding of cottonwoodsô status. 
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Overall Condition 

 

Figure 48. Cottonwood condition graphic. 

Dixon et al. (2010) conclude that regeneration is not matching the pace of the losses in 

cottonwoods in the Missouri River floodplain because of land conversion and succession with 

current river management regimes. Cottonwood forest regeneration is restricted to narrow 

shorelines or the upstream side of river deltas (Weeks et al. 2005, Dixon et. al. 2010). A lack of 

sandbar formation and reduced rates of channel migration, because of the loss of periodic 

flooding and the effects of bank stabilization, is limiting cottonwood seedling establishment. A 

loss of approximately 18% of riparian forest in the 39-mile districtôs historic floodplain and a 

45% decrease in the 59-mile districtôs historic floodplain riparian forests occurred from 1892 to 

present in MNRR. While cottonwood forests remain in MNRR and some of the surrounding 

Missouri River floodplain, the lack of cottonwood regeneration is a significant concern because 

of its implication for the future trajectory of cottonwood ecosystems. Dixon et al. (2010) expect 

declines in landscape diversity (e.g., declines in the mix of types and age classes of riparian 

forest) and reduction in the total forest area, both of which may lead to declines in floodplain 

biodiversity. ñUnder continued chronically poor conditions for recruitment and only limited 

channel migration and bar formation, cottonwood forests in the long-term may be restricted to 

the immediate margins of the river channel and will gradually senesce and disappear farther 

away from the channelò (Dixon et al. 2010). Therefore, cottonwood age (i.e., cottonwood 

regeneration) is a significant concern in MNRR and conditions are likely to continue to degrade 

(Figure 48). 

Because the current extent of cottonwood habitat is reduced from pre-dam conditions, and the 

future implications of cottonwood habitat due to poor recruitment in recent years, cottonwood 

habitat can be viewed as a moderate concern in MNRR. The existing cottonwood forests in 

MNRR largely represent a ñlegacy of past recruitment successò; Dixon et al. (2010) suggest that 

without the dynamic river processes originally forming and maintaining cottonwood habitat, 

reversing the trend of cottonwood forests will require ñinnovative thinking and actionò to restore 

or replicate natural processes. Therefore, the trend of condition is likely to decline. The USACE 

created a draft cottonwood management plan for six priority segments of the Missouri River 

including segments 8 and 10 associated with the 39-mile district and 59-mile district of MNRR 

respectively. The primary goals were to 1) develop a management plan that will allow for natural 

regeneration, periodic seed germination, and seedling establishment at a sufficient rate such that 

regeneration is maintaining pace with or exceeding mortality, and 2) evaluate the condition of 

existing cottonwood communities within each segment and develop a suite of ecological 

strategies for conserving them through preservation, compensatory mitigation, recovery, and 

restoration activities that will maintain pace or exceed mortality (USACE 2010). 

Measures Reference Condition Condition

Cottonwood Age Pre-dam

Cottonwood Habitat Extent Predam
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Mark Dixon, Assistant Professor, Biology Dept., University of South Dakota  

Lisa Yager, MNRR Biologist 
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Plate 6. Cottonwood stand ages (2006) in the 39-mile district of MNRR, Map 1 of 3 (Dixon et al. 2010). 
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Plate 7. Cottonwood stand ages (2006) of the 39-mile district of MNRR, Map 2 of 3 (Dixon et al. 2010). 
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Plate 8. Cottonwood stand ages (2006) in the 39-mile district of MNRR, Map 3 of 3 (Dixon et al. 2010). 
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Plate 9. Cottonwood stand ages (2006) in the 59-mile district of MNRR, Map 1 of 3 (Dixon et al. 2010) 




























































































































































































































































































































































































