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ABSTRACT 

  Agricultural commodity production and its resulting sedimentation stressors 

pose the largest threat to lotic systems.  Addressing agricultural threats will require 

strategic allocation of conservation resources and cooperation with private agricultural 

producers to identify ecologically degraded streams and to determine the appropriate 

place, type, and amount of conservation practices (CPs) needed to improve ecological 

conditions.  The goal of this research was to develop tools agricultural conservation 

managers can use to reduce stream sedimentation and improve the allocation of limited 

conservation resources in a manner that results in improved water quality and ecological 

condition.  Developing tools to address three major information needs can improve 

agricultural conservation, they are: 1) assessing total watershed conditions and 

.determining stream segments where agricultural CPs are likely to be effective by 

conducting threat assessments, 2) assessing the effectiveness of agricultural CPs and 

determining where current conservation has been successful and future conservation 

efforts are needed, and 3) making strategic conservation decisions by using a decision 

support framework to understanding the amount and costs of CPs required to meet 

ecological objectives.   
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Total watershed condition for every stream segment in the Missouri River basin 

was summarized by conducting a threat assessment and developing a suite of human 

threat indices from 17 threat metrics for managers to select and prioritize watersheds to 

implement agricultural CPs.  Agricultural threats were most prevalent across the Missouri 

River basin, but considerable heterogeneity of non-agricultural threats existed within the 

basin and in regions of high agricultural prevalence.  Management capacity was 

identified for every stream segment and used to identify streams where US Department of 

Agriculture‟s Natural Resources Conservation Service (NRCS) conservation practices 

were most likely to be effective because the prevalence of agricultural threats was greater 

than non-agricultural threats.  

Understanding the effects of applied NRCS CPs on fish assemblages will allow 

managers to maximize environmental benefits and ensure conservation funding is 

properly allocated.  The response of lithophil and omnivore guild abundance of lotic 

fishes to multiple NRCS soil CPs was predicted using multiple-regression models to 

assess the effectiveness of CPs designed to reduce soil disturbance and sediments from 

entering stream channels.  The relationships among NRCS CPs and omnivore and 

lithophil guild abundances indicated that NRCS soil CPs have the potential to reduce 

agricultural sources of stream sedimentation and improve ecological condition.  I 

evaluated the effectiveness of NRCS soil CPs for individual stream segments by 

determining if „more‟ disturbed streams were predicted to shift to „less‟ disturbed 

conditions as a function of the association among fish guilds and applied CPs.  

Conservation practices were predicted to effectively shift 2% of the streams we evaluated 

from „more‟ to „less‟ disturbed conditions.  The low number of watersheds where NRCS 
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CPs were predicted to be effective was primarily due to low densities of CPs in 

watersheds, but the models suggested effectiveness could be improved by applying CPs 

in at least 50% of a watershed‟s land area.   

Improving conservation outcomes in streams via application of CPs  will require 

strategically allocating conservation resources (primarily funding) in a manner that 

ensures CPs are implemented in high enough densities to meet desired conservation 

goals.  I integrated the results from the threat and CP assessments into a decision support 

framework designed to improve the allocation of conservation resources and to increase 

the ecological effectiveness of agricultural CPs on private lands.  The framework used a 

winnowing process to identify watersheds where ecological degradation has occurred, 

where CPs were likely to be effective, and where the total conservation cost and cost-

benefit ratio (cost per unit increase in guild abundance) of applying CPs were lowest.  A 

case study in portions of the Missouri River basin was conducted and I identified and 

estimated total conservation costs and cost-benefit ratios in 2,633 ecologically degraded 

watersheds where agricultural CPs were likely to be effective (i.e., the watersheds needed 

agricultural conservation and NRCS had primary management capacity).  Conservation 

practices designed to prevent soil disturbance were generally more cost effective than 

CPs designed to prevent sediment from entering stream channels.  Total conservation 

costs and cost-benefit ratios differed substantially between the Hot Continental Division 

and Prairie Division ecoregions due to relative differences in the estimated amount of 

conservation needed.   

The threat indices developed in this research are advantageous over traditional 

landcover maps because they summarize total watershed conditions for individual stream 
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segments and allow managers to evaluate where an agency has primary management 

capacity.  The threat indices can be incorporated into decision support frameworks to 

prioritize regions and specific watersheds to conduct conservation efforts, and they can 

be coupled with assessments of ecological condition to identify likely stressors causing 

ecological degradation.  The assessment of conservation practice effectiveness provides 

managers with estimates of ecological degradation for individual stream segments and 

allows managers to determine where applied CPs have improved fish assemblage 

condition, where current CPs can maintain ecological conditions, and where future 

conservation efforts are needed.  The models developed to predict fish guild abundance 

also provided estimates of the type and amount of CPs that could be implemented in 

watersheds of individual stream segments so managers can estimate the total cost and 

cost-benefit ratio of applying CPs to meet ecological objectives.  Incorporating the above 

elements into a decision support framework allows managers to make best use of 

conservation resources because they can strategically identify and select stream segments 

to apply CPs.  Managers can improve CP adoption rates and fish assemblage condition by 

strategically focusing conservation efforts in specific stream segments and allocating the 

proper amount of funding for voluntarily applied CPs that are cost-shared with private 

producers.  
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CHAPTER 1 - GENERAL INTRODUCTION 

 

 

Anthropogenic activities have negatively affected lotic ecosystems throughout the 

USA.  Nearly half (42%) of the wadeable streams in the USA are considered to have 

„poor‟ biotic integrity because of pollution and sedimentation.  Meanwhile, only 28% are 

considered to have „good‟ biotic integrity (US Envrionmental Protection Agency 2006).  

Threats to freshwater biodiversity have primarily been driven by intensive large-scale 

agriculture production (McLaughlin and Mineau 1995) and human modification of the 

landscape (Allan 2004; Harding and others 1998), and as a result, native freshwater fishes 

have experienced large declines in abundance and are now one of the most threatened 

groups of vertebrates (Ricciardi and Rasmussen 1999).  Nutrient pollution and 

sedimentation are considered the major stressors causing degradation of wadeable lotic 

systems (U.S.Environmental Protection Agency 2000; US Envrionmental Protection 

Agency 2006; Waters 1995).  .   

Agricultural commodity production (e.g., row crops and livestock) is generally 

regarded as the largest threat to freshwaters and lotic systems due to its prevalence 

(McLaughlin and Mineau 1995).  About 46% of the USA is under agricultural production 

(pasture, grazing, or crops; Lubowski and others 2006), and many federal lands are leased 

for livestock grazing.  For example, the U.S. Bureau of Land Management manages 

livestock grazing on over 63 million hectares of public land (about the size of Texas).  

Large-scale agricultural production results in many ecological stressors to lotic systems. 
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Stream sedimentation is regarded as the largest stressor to lotic systems in the 

USA because of its impact on physical habitats and its direct effects to biota 

(U.S.Environmental Protection Agency 2000; Waters 1995; Wood and Armitage 1997).  

The primary cause of stream sedimentation in the Midwestern USA is poor agricultural 

practices (e.g., clean tillage or overgrazing) that result in excessive soil disturbance and 

soil erosion.  Sedimentation from agriculture decreases channel and bank stability (Diana 

and others 2006; Infante and others 2006), leads to greater bank erosion and channel 

widening (Kondolf and others 2002), and increases suspended sediment loading 

(Zimmerman and others 2003).  These changes in water quality and physical habitat are 

capable of causing direct mortality to fishes (Zimmerman and others 2003) or altering the 

trophic and reproductive structure of fish assemblages (Berkman and Rabeni 1987; 

Sutherland and others 2002). 

Agricultural production occurs primarily on private lands and their management 

will be critical to the success of agricultural conservation (Knight 1999; Norton 2000).  

Large-scale private land conservation was significantly bolstered in the USA with 

passage of the 1985 Farm Bill that authorized billions of dollars (USD$17 billion in 

2002) for soil conservation (Gray and Teels 2006).  The Farm Bill originally set out to 

reduce soil erosion from highly erodible fields and attempted to limit excess food 

production by idling marginal croplands (Heard and others 2000).  The Farm Bill has 

since evolved to administer conservation programs (e.g., Wetlands Reserve Program and 

Environmental Quality Incentives Program) through the U.S. Department of 

Agriculture‟s Natural Resources Conservation Service (NRCS) that are intended to 

improve wildlife habitat and environmental conditions (e.g., improved water quality) in 
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agricultural landscapes (Burger and others 2006; Gray and Teels 2006; Heard and others 

2000).   

NRCS provides technical and cost-share assistance to private agricultural 

producers who voluntarily implement conservation practices (CPs) intended to provide 

environmental benefits (e.g., improve water quality or wildlife habitats).  Commonly 

implemented CPs address wildlife habitat (e.g., reestablishing native vegetation or 

wetlands) and soil erosion and water quality issues that result from crop production and 

grazing.  Though NRCS CPs address issues such as nutrient and pesticide runoff, the 

focus of this study is on CPs designed to prevent sedimentation.   

The potential effects of agricultural CPs are generally well understood from an 

agronomic (e.g., soil quality and effects on commodity yields; Schnepf and Cox 2006) 

and terrestrial wildlife perspective (Haufler 2007), but there is a lack of understanding of 

how agricultural CPs affect biota in lotic systems.  Removing land from production and 

planting perennial vegetation can nearly eliminate soil erosion and reduces excessive 

runoff (Gilley and others 1997).  Watersheds predominantly under no-till production 

contribute 6 – 10 times less sediment than conventionally tilled watersheds (Matisoff and 

others 2002).  Over-grazing can increase soil erosion and alters hydrology (Belsky and 

others 1999; Trimble and Mendel 1995), but these problems can be avoided or greatly 

reduced by adjusting stocking rates and excluding grazers from riparian zones (Meehan 

and Platts 1978; Platts 1989).  Installing grass buffers around field borders, using filter 

strips, and restoring riparian zones can decrease sediment concentrations in runoff and 

reduce bank erosion (Burckhardt and Todd 1998; Dosskey and others 2005; Dosskey and 

others 2002; Tingle and others 1998).  Lands enrolled in the Conservation Reserve 
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Program to reestablish grassland habitats had increased grassland bird nest success and 

waterfowl have benefitted from wetland restoration (Heard and others 2000).  Westra and 

others (2004) found mixed results when evaluating Conservation Reserve Program 

effectiveness at reducing sediment loading that caused lethal fish events.  Agricultural 

CPs that address soil erosion and riparian habitats have been shown to positively affect 

instream habitats and fish communities (Wang and others 2002).  However, there have 

been no studies documenting fish assemblage response to multiple CPs over large 

geographies.   

Understanding the effects of NRCS CPs on fish assemblages will allow managers 

to maximize environmental benefits and ensure conservation funding is properly 

allocated.  A better understanding of how fish assemblages respond to currently 

implemented CPs would allow resource managers to improve decision-making regarding 

the type and density of CPs needed to improve agricultural conservation efforts.  By 

strategically identifying ecologically degraded watersheds and estimating the types and 

amount of CPs needed for conservation, managers will be able to utilize limited 

conservation resources, primarily funding, in a manner that saves money and maximizes 

environmental benefits. 

Addressing several key information needs can increase the ecological 

effectiveness of conservation efforts.  First, threat assessments can be useful tools for 

assessing watershed condition and identifying stream segments where NRCS has primary 

management capacity; i.e., stream segments where NRCS CPs are more likely to be 

effective because agricultural threats are more prevalent than non-agricultural threats.  

Identifying NRCS management capacity helps managers ensure that the effects of the 
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CPs they implement are not negated by non-agricultural threats contributing additional 

sources of ecological stress.  Second, assessing the effects of NRCS soil CPs on fish 

assemblages will provide managers the information needed to determine the type and 

density of CPs most effective at remediating stream sedimentation issues.  Third, 

managers can use these assessments to identify sources of ecological degradation in 

watersheds and identify stream segments where current agricultural conservation has 

improved fish assemblages to a reference condition.  If managers can identify watersheds 

in need of conservation and estimate the density and type of CPs needed to meet 

conservation goals they could also benefit from understanding the cost of implementing 

CPs because conservation funding is always a limiting factor.  Although understanding 

these three major components (i.e., NRCS management capacity, CP effects, and 

conservation costs) alone could improve agricultural conservation, decision makers could 

more effectively use the information if it were incorporated into a decision framework 

designed to strategically allocate funding for agricultural conservation.   

The goal of this research was to develop tools agricultural conservation managers 

can use to reduce stream sedimentation and improve the allocation of limited 

conservation resources in a manner that results in improved water quality and ecological 

condition.  Each chapter was written independently to stand-alone and, accordingly, has 

its own specific goals and objectives that resulted in some overlap of introductory 

material.  A bulleted one-page summary follows the abstract of each chapter and 

describes potential management opportunities, use limitations, caveats, and 

recommendations to improve the results and tools presented in the chapter. 
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The goal of Chapter 2 was to develop a suite of threat indices and provide a 

framework for NRCS and other resource management agencies to select and prioritize 

watersheds to implement agricultural conservation practices for each of the 450,000+ 

stream segments in the Missouri River basin.   

The specific objectives were to:  

 

 quantify the watershed percentages or densities of seventeen threat metrics 

that represent major sources of ecological stress to stream communities 

across the basin  

 conduct a threat assessment to assess total watershed condition for each 

stream segment  using five threat indices developed from the threat 

metrics: agriculture, urban, point-source pollution, infrastructure, and all 

non-agriculture threats 

 identify stream segments where NRCS has primary management capacity 

(i.e., the threats in a watershed can best be addressed through agricultural 

conservation practices applied with NRCS assistance). 

 

The goal of Chapter 3 was to determine if NRCS CPs designed to reduce soil erosion 

or prevent sedimentation in agriculturally degraded streams and small rivers were 

ecologically effective, and to identify the types of CPs that were most effective.  Soil 

conservation practices were considered ecologically effective in a watershed if their 

implementation (i.e., their presence and density) was predicted to shift streams from 

„more‟ to „less‟ disturbed conditions because of a presumed reduction in stream 
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sedimentation as defined by reference condition values of fish guild abundance.  This 

assessment was based on NRCS records of CPs applied from 1998 – 2009.  

The goal was accomplished by completing two objectives: 

 

 Assess CP effectiveness in streams and small rivers by using a multiple-

regression modeling framework to account for the variation in fish reproductive 

and trophic guild abundance as a function of physiographic features and human 

threats.  

 Use the models to estimate how NRCS CPs affect guild abundance. 

 Determine for individual stream segments if currently implemented CPs 

were predicted to shift streams from „more‟ to „less‟ disturbed conditions 

 Determine if CPs designed to prevent soil erosion were more effective than those 

designed to prevent eroded sediment from entering stream channels. 

 

The goal of Chapter 4 was to develop a decision support framework that improves 

conservation resource allocation and ecological effectiveness of agricultural conservation 

practices for private lands at regional and watershed spatial scales.  A case study in the 

Missouri River basin was used to illustrate how NRCS could implement this framework 

to allocate financial resources and agricultural conservation practices to regions and 

individual streams segments to improve fish assemblage condition. 

 The chapters are presented in a progressive manner because I incorporated results 

and tools from one chapter to the subsequent chapter(s).  The threat assessment and 

resulting threat indices that represented total watershed condition for individual stream 
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segments created in Chapter 2 were important elements in Chapters 3 and 4.  The threat 

indices were used in multiple-regression models to account for the influence of human 

threats on fish guild abundance so that the effectiveness of NRCS CPs could be 

evaluated.  These models were used to predict whether NRCS CPs shifted individual 

stream segments from „more‟ disturbed to reference conditions based on their 

associations between fish guild abundance and CPs.  Individual stream segments that 

were ecologically degraded and likely in need of agricultural conservation were also 

identified using the models.  Chapter 4 illustrates how the tools and knowledge generated 

in Chapter 2 and 3 could be incorporated into a decision support framework designed to 

improve the allocation of conservation resources.  The stream segments identified in 

Chapter 3 as in need of agricultural conservation were used to select an initial subset of 

stream segments that were ecologically degraded.  This subset of streams was further 

winnowed down by utilizing the threat indices from Chapter 2 to identify stream 

segments where NRCS had primary management capacity (i.e., stream segments where 

agricultural threats were more prevalent than non-agricultural threats) and CPs were 

likely to be effective.  From this subset of streams, the models from Chapter 3 were used 

to estimate the amount of CPs needed to shift individual stream segments classified as 

„more‟ disturbed to a reference condition.  This allowed total conservation costs and cost-

benefit ratios to be computed for each stream segment so that managers can make 

strategic decisions regarding the allocation of conservation funding to specific regions or 

stream segments.  
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CHAPTER 2 - RIVERINE THREAT INDICES TO ASSESS WATERSHED CONDITION AND 

IDENTIFY PRIMARY MANAGEMENT CAPACITY OF AGRICULTURE NATURAL 

RESOURCE MANAGEMENT AGENCIES 

 

 

Abstract 

Conservation of lotic systems over large geographies can be improved if 

managers have the tools to assess total watershed conditions for individual stream 

segments and identify stream segments conservation practices are most likely to be 

successful.  The goal of this research was to develop a suite of threat indices to help 

agriculture resource management agencies select and prioritize watersheds across the 

Missouri River basin in which to implement agriculture conservation practices.  To 

accomplish this we first quantified the watershed percentages or densities of seventeen 

threat metrics that represent major sources of ecological stress to stream communities 

across the basin into five threat indices: agriculture, urban, point-source pollution, 

infrastructure, and all non-agriculture threats.  Then we identified stream segments where 

agriculture management agencies have primary management capacity (i.e., the threats in 

a watershed can best be addressed through agricultural conservation practices applied 

with NRCS assistance).  Agriculture watershed condition differed by region across the 

basin.  Considerable local variation was observed among stream segments in regions of 

high agriculture threats, indicating the need to account for total watershed condition when 

allocating conservation resources.  Watersheds with high non-agriculture threats were 

most concentrated near urban areas, but varied among regions and showed high local 
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variability.  Sixty percent of stream segments in the Missouri River basin were classified 

as under NRCS primary management capacity and most segments were in regions of high 

agricultural threats.  At local scales, NRCS primary management capacity was variable 

due to the high spatial heterogeneity of non-agriculture threats.  This highlights the 

importance of assessing total watershed condition for multiple threats because abrupt 

changes in land use influence where agriculture conservation agencies like NRCS have 

primary management capacity.  Our threat indices can be used by agriculture natural 

resource management agencies, like NRCS, to prioritize conservation actions and 

investments based on; a) relative severity of all threats, b) relative severity of agricultural 

threats, and c) relative simplicity and/or degree of primary management capacity.  Such 

threat assessments complement ecological condition assessments by helping resource 

managers identify the likely environmental stressors and likely sources of stress causing 

ecological degraded.
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Chapter 2 – Summary of Management Opportunities, Use Limitations, and 

Improvement Options for Riverine Threat Indices to Assess Watershed Condition 

and Identify Primary Management Capacity of Agriculture Natural Resource 

Management Agencies 

 

Opportunities for Using Threat Indices and Management Capacity Scores 

 Apply threat indices in a flexible manner to assess and prioritize conservation 

actions at multiple spatial scales to: 

o identify and map prevalence of multiple threats to provide an indirect 

assessment of ecological condition  

o use as a  coarse assessment to determine likely cause(s) of ecological 

stress  

 Use existing management capacity scores, which show prevalence of agricultural 

threats to other threats, to identify: 

o where agricultural conservation practices (CPs) will likely have 

measurable benefits without the need for other types of CPs. 

o where non-agricultural CPs would be needed to compliment agricultural 

CPs. 

 Threat metrics and indices establish study designs to: 

o define empirical relations between identified metrics or indices and 

ecological endpoints. 

o control for one or more human disturbances to isolate relations with other 

factors of interest. 

 

Limitations and Caveats to Using Threat Indices and Management Capacity Scores 

 Threat metric and index scores are presented at stream segment resolution yet 

reflect total watershed condition. 

o data are not suited for farm-scale planning. 

 Threat indices do not include all potential threats.   

 Threat metrics and indices represent potential stressors and do not quantify actual 

stresses (e.g., sediment loading) or severity. 

 Management capacity scores are limited to NRCS. 

 

Options for Improvement 

 Incorporate additional threat variables into the threat indices. 

 Improve the interpretability of the threat indices and develop threat metric 

weightings by establishing empirical relationships among ecological indicators 

and threat index scores. 

 Identify and implement an objective method to account for threat severity so that 

threat index scores can more accurately reflect watershed conditions. 

o better representation of prevalence and severity of grazing threats. 

o account for highly erodible agricultural lands to identify those more likely 

to contribute stress. 

 Develop management capacity scores for additional resource management 

agencies.
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Introduction 

Restoring natural resources is a process of implementing conservation practices at 

the correct places to achieve a desired set of conditions (Palmer and others 

2005).  Decisions on where to focus conservation practices are complicated in stream 

ecosystems because sources of environmental stress (hereafter, threats) can be distributed 

anywhere within a watershed and may be far removed from the site of interest, thus 

highlighting the importance of considering total watershed condition (Wang and others 

1997).  Managers are increasingly faced with conservation planning over large spatial 

extents (e.g., states or large river basins) and need tools to help prioritize and select 

streams on which to focus conservation efforts.  Biological assessments of ecological 

condition are one such tool, but are incomplete over large spatial extents (often <1% of 

stream miles in a basin are represented; Sowa and others 2007).  Thus, management 

agencies have difficulty in selecting and prioritizing watersheds since ecological 

condition of unsampled streams is largely unknown.  Managers can instead use existing 

geospatial datasets to conduct watershed scale threat assessments to identify overall 

watershed condition, identify potential sources of stress in known ecologically degraded 

streams, and determine if an agency‟s conservation practices are suitable to address the 

threats in a watershed (i.e., an agency has primary management capacity).    

Threat assessments are typically conducted by developing a multi-metric threat 

index that uses geospatial data to specify the location and quantify the extent and 

magnitude of human threats in a watershed by summarizing watershed condition with a 

single score (Danz and others 2007; Mattson and Angermeier 2007).  Threat indices are 

advantageous over landuse and individual threat metric maps (e.g., locations of point-

source discharges) because indices represent overall watershed condition and relativize 
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watershed condition estimates to the most threatened watershed.  Threat indices can be 

quantified and mapped at a stream segment (length of stream between two confluences) 

resolution over large spatial extents to include sites lacking a direct assessment of 

ecological condition.  Since most threat indices are made up of multiple threat metrics 

that represent an array of human disturbances, they can be used to infer the likely source 

of environmental stress. 

When dealing with watersheds where ecological degradation is known, managers 

should use information from threat assessments to guide conservation practice 

implementation.  Following the conceptual example in Figure 2.1, low Index of Biotic 

Integrity (IBI; Karr 1981) scores can identify ecologically degraded streams and 

individual IBI metrics (e.g., proportion of lithophilous spawning fishes) that represent 

functional community traits may identify the stressor (Leonard and Orth 1986).  Stressors 

can be identified using functional traits of fish communities (e.g., lithophilous spawners) 

because they can be linked to specific physical drivers or processes that are altered by 

human threats (Poff 1997; Sutherland and others 2009).  Conservation planning is then 

improved because managers have identified the likely threats causing degradation and are 

able to make informed decisions regarding the appropriate conservation strategies to 

address the likely cause of stress (Fig. 2.1).  Identifying the likely cause of impairment is 

particularly important from a logistical standpoint because most resource management 

agencies have the ability and capacity to address only a select suite of threats. 

Selecting conservation sites that are under the primary management capacity of a 

resource management agency should increase the effectiveness of conservation practices 

applied by the agency.  The primary management capacity of the US Department of 
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Agriculture‟s Natural Resource Conservation Service (NRCS) primarily lies in working 

with producers on mostly privately owned agriculture lands.  The agency‟s conservation 

practices primarily address environmental stresses caused by agriculture activities, not 

urban or industrial activities.  In the absence of interagency coordination, conservation 

practice effectiveness would be greatest in watersheds where the most prevalent threats 

are within the agency‟s primary management capacity and threats outside its capacity 

were minimal.  Coordination among multiple resource management agencies can be 

facilitated by knowing the prevalence of threats both within and outside each agency‟s 

primary management capacity, thus increasing conservation practice effectiveness.  We 

argue that resource management agencies, like NRCS, would benefit from having stream 

segment-scale threat indices to assess the relative watershed contribution of various 

threats (e.g., agriculture vs. urban) for use in strategically allocating resources and more 

effectively coordinating with other management agencies across a large geography and 

multiple spatial scales.   

To that end, our goal was to develop a suite of threat indices and provide a 

framework for NRCS and other resource management agencies to select and prioritize 

watersheds to implement agricultural conservation practices for each of the 450,000+ 

stream segments in the Missouri River basin.  Our objectives were to: 1) quantify the 

watershed percentages or densities of seventeen threat metrics that represent major 

sources of ecological stress to stream communities across the basin, 2) conduct a threat 

assessment to assess total watershed condition for each stream segment  using five threat 

indices developed from the threat metrics: agriculture, urban, point-source pollution, 

infrastructure, and all non-agriculture threats, and 3) identify stream segments where 
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NRCS has primary management capacity (i.e., the threats in a watershed can best be 

addressed through agricultural conservation practices applied with NRCS assistance).  An 

example is provided to demonstrate how decisions regarding conservation can be 

influenced by using threat and ecological condition assessments.  Additionally, although 

management capacity was not identified for agencies that address non-agricultural 

threats, the threat indices or scoring criteria used to delineate management capacity 

herein could be formulated to represent specific agencies as needed.    

 

Methods 

Threat indices were developed by mapping multiple threat metrics in a geographic 

information system and attributing them to a modified geographic framework that 

represented stream segments within our study area.  The prevalence of each threat metric 

was then quantified for each stream segment‟s entire watershed and the metric densities 

were standardized to a common scale (1 to 100).  Threat indices were then calculated and 

scoring criteria were formulated to represent NRCS primary management capacity.  Maps 

and summary statistics were developed for the threat indices and NRCS primary 

management capacity.  Provided is an example of how information obtained from threat 

and ecological condition assessments can be coupled to inform conservation decision 

making. 

 

Study area  

The Missouri River basin (MORB) is well suited to developing threat indices because of 

its large geographic area, considerable variation in watershed and stream conditions, and 

extensive landscape modification (Galat and others 2005; Revenga and others 1998).  



25 

 

The MORB drains about 1,371,017 km
2
 of the United States and 25,100 km

2
 of Canada 

(Fig. 2.2) (Galat and others 2005).  Restoring conditions of MORB altered riverine 

habitats presents significant challenges to resource managers due to, among other things, 

the size of the basin and the diversity and spatial distribution of existing threats.  

Dominant land use and land cover within the basin includes 25% cropland, 48% 

grassland/pasture, 10% forest, 11% shrub, 3% urban, 2% wetland, and 1% open water 

(Homer and others 2004).  Agriculture threats (row-crop and grazing) are most prevalent 

across MORB but considerable spatial heterogeneity exists among agriculture and non-

agriculture threats (e.g., point-source pollution, urbanization, and mining activities) 

making the prioritization of agriculture lands to be enrolled in conservation practices a 

significant challenge.  

 

Geographic Framework 

The base stream layer was acquired from work done for the Missouri River Basin 

Aquatic Gap Project (Annis and others 2009a).  These stream networks represent a 

modified version of the 1:100,000 National Hydrography Dataset (NHD; U.S. Geological 

Survey and U.S. Environmental Protection Agency 2008).  The primary modification of 

the NHD was the repair of gross underrepresentation of stream density in portions of the 

basin corresponding to select 1:100,000 scale topographic maps.  The resulting stream 

networks were also processed to remove loops and braids within the network that caused 

problems with geoprocessing tasks of quantifying threat prevalence throughout the 

MORB.  We used 30-meter digital elevation models from the NHDPlus (U.S. Geological 

Survey and U.S. Environmental Protection Agency 2008) and ArcHydro Tools (ArcGIS 
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9.3, ESRI, Redlands, CA) to create corresponding local catchment polygons (i.e., the land 

immediately draining a stream segment) for each of the 464,118 individual stream 

segments in the resulting MORB stream network.  The resulting stream segments and 

catchment polygons were used as the spatial framework for quantifying and mapping the 

individual threat metrics and multimetric threat indices for this project.  

 

Rationale and General Approach to Threat Index Development 

 The structure and components of a threat index influence how sources of stress 

are represented on the landscape and the degree to which inferences can be made 

regarding likely sources of degradation and potential stress.  The number of threats 

evaluated in an index affects its comprehensiveness and ability to identify all potential 

sources of stress.  Threats are quantified to assess their prevalence and are recorded as 

unit density, usually as proportion of watershed (e.g., proportion of row-crop) or number 

of units per watershed area (e.g., number of discharges per square kilometer), for an 

assessment region.  The most influential component affecting the interpretation of an 

index is how threat prevalence (i.e., extent) and severity (i.e., magnitude) are represented, 

as these metrics largely determine the final representation of potential stress.  Threat 

prevalence essentially identifies the most abundant threat(s) across the landscape.  The 

most precise prevalence estimates are those represented by the actual threat density or 

proportion of watershed value (e.g., 25% of watershed area) and least precise are 

estimates that categorize prevalence (e.g., 0-25% =1 etc.).  The spatial scale at which 

threat prevalence is quantified affects the ability of threat indices to inform decisions 

regarding placement of conservation practices.  As spatial grain increases (e.g., from 
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local contributing areas to 8-digit Hydrologic Unit Codes), the representation of threat 

prevalence becomes more generalized and the ability to identify fine-scale spatial 

patterns is reduced or eliminated.  Threat severity provides a measure of threat influence 

on an ecological indicator.  For example, Mattson and Angermeier (2007) used 

professional judgment to weight threat severity by the degree to which each threat affects 

the five components of biological integrity (Karr and others 1986).  Therefore, the 

ecological indicator used to assign threat severity influences our interpretation about the 

magnitude of sources of stress.   

 Since ecological response to threat prevalence and magnitude is expected to differ 

among ecoregions, we relativized our threat indices to ecoregions to reflect potential 

differences (Frimpong and Angermeier 2010).  The MORB was divided into five 

ecoregions using Bailey‟s (1983) division-level classification that accounts for 

differences in climate, geology, and soils. 

 Seventeen threats metrics were used to develop five multimetric indices 

representing major categories of sources of ecological stress and to identify NRCS 

management capacity: agriculture, urbanization, point-source pollution, infrastructural 

threats (those occurring directly in stream channels), and all non-agriculture threats 

(Table 2.1).  The threat metrics used in the indices were chosen because data were 

publicly available, reasonably consistent in coverage across the MORB, and represent the 

major threats to aquatic systems.  The agriculture threat index represents the major 

agriculture threat metrics to aquatic systems (Table 2.1).  Row-crop agriculture and 

grazing affect sedimentation regimes (Waters 1995) while channelization directly 

modifies channel structure, physical habitat (Frothingham and others 2001), and 
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hydrology (Rhoads and others 2003).  The threat metrics in the urbanization index (Table 

2.1) represent hydrologic alterations from impervious surfaces (Roy and others 2005), 

pollution from densely populated areas (Hatt and others 2004; Young and Thackston 

1999), and potential increases in sedimentation due to construction from increasing 

population density (Wolman and Schick 1967).  The point-source pollution index 

represents pollution sources that have potential direct effects on aquatic biota (Table 2.1).  

The infrastructure index represents threat metrics occurring in a stream channel that can 

be readily mapped in a GIS (Table 2.1).  Road and rail stream crossings affect physical 

stream habitats (Bouska and others 2010) and dams cause alterations in physical habitat 

(Kondolf 1997; Ligon and others 1995) and hydrologic regime (Poff and others 2007).  

The non-agriculture index collectively represents all threats from the urbanization, point-

source pollution, and infrastructure indices (Table 2.1). 

 Each threat metric and index represents the potential “risk” of environmental 

stress resulting from the corresponding metric or index.  Risk was assumed to be equal 

across all threats (i.e., all threats were assumed to have the same potential risk) and 

increase as threat prevalence increased.  This is because we did not have adequate 

empirical information relating threat prevalence to ecological indicators, which would 

have allowed for ecologically-meaningful weighting of threat metrics.  When thresholds 

of ecological responses to threats are unknown, threat index scores are unlikely to be 

improved (Paukert and others 2011).  We standardized each threat metric so that 

comparisons could be made among threats recorded in different measurement units (e.g., 

to compare proportion of watershed vs. point densities).  Additionally, we standardized 
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each threat index to a common scale so that direct comparisons could be made among 

indices.  

  

Modified Threat Metric Data 

Four threat metrics required creation or modification from their original form and 

are described below.  Grazing and stream channelization threats were not appropriately 

represented in existing data sources and were modified.  Impervious surfaces were 

overestimated in the NLCD and population change information needed to be quantified. 

 

Estimated grazing   

Livestock grazing can significantly influence watershed hydrology, sediment, and 

nutrient regimes of streams (Belsky and others 1999; Meehan and Platts 1978).  Because 

of this potential influence on stream condition and that livestock grazing is not accurately 

represented in the 2001 NLCD, we took steps to create a dataset  to more accurately 

represent grazed land across the MORB.  The closest approximation to grazed lands in 

the NLCD is the pasture or hay field landcover class, but there is no landcover class that 

accounts for grazing activity on native rangelands (i.e., lands suitable to grazing that have 

not been planted to monoculture).  The primary issue is that the pasture/hay landcover 

class is not used in the western part of the basin where native rangelands are commonly 

grazed; instead, landcover in the west is generally considered grassland or shrubland.  We 

used data from the U.S. Department of Agriculture‟s Agriculture Census (2007) that 

quantified the amount of grazed rangeland and pastureland within 6-digit Hydrologic 

Unit Codes (HUC) of the MORB.  The amount of grassland, shrubland, and 
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pasture/hayfield landcover classes were then summed by 6-digit HUC and assumed to 

represent the total amount of rangeland within each HUC.  The area of reported grazed 

land was then divided by total available rangeland in each HUC to estimate the 

percentage of rangeland that was grazed within each HUC.  For each local catchment 

polygon we then calculated the percentage of rangeland from the 2001 NLCD and 

multiplied that value by the estimated percentage of rangeland that was grazed for the 

corresponding 6-digit HUC that contained that particular polygon. 

 

Channelized streams  

Channelized streams are a common feature of most agriculture regions and can 

cause significant ecological degradation (Waters 1995).  Unfortunately, we lacked a 

single dataset of channelized streams covering the entire MORB.  However, given the 

significance of this threat to stream conditions we created a basinwide data layer of 

channelized streams in MORB by combining data from multiple geospatial sources.  The 

resulting dataset consisted of all ditches or channelized pieces of stream that could be 

identified using three input datasets: the1:24,000 NHD (U.S. Geological Survey and U.S. 

Environmental Protection Agency 2008), a modified version of the 1:100,000 NHD (U.S. 

Geological Survey and U.S. Environmental Protection Agency 2008), and the National 

Wetlands Inventory (NWI; 2006).  We used existing stream classification from the 

aforementioned data to determine stream segments that were channelized or ditched.  

After merging the three files, there were apparent data gaps in specific regions so we 

consulted experts and used professional judgment to identify and map the remaining 

channelized stream segments by visually examining the digital network overlaid on 
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multiple sources of aerial photography.  Professional judgment was used to identify 

channels with a straight planform that appeared channelized. 

 

Impervious surfaces 

Odd spatial patterns that followed administrative boundaries were observed when 

watershed percentages were calculated for impervious surfaces using the 2001 NLCD 

(Homer and others 2004).  Upon closer examination, inconsistencies were found in how 

impervious surfaces were classified as “developed”.  For instance, most of the unpaved, 

gravel, roads were classified as developed in Iowa, but not other states.  We observed that 

the 2001 NLCD consistently represented paved rural roads that were usually ~30 m wide, 

with two or three 30-meter pixels.  Therefore, the area of impervious surfaces was grossly 

overestimated by the contribution of rural roads.  This problem was addressed by using a 

shrink and expand process on the NLCD impervious surface class that removed the 

“extra” pixels causing the overestimation and reassigned them to the surrounding 

landcover using ArcGIS 9.3.  

 

Population density and population change 

Actively developing areas can often be some of the most degraded ecosystems, 

particularly with regard to streams.  Rapidly developed areas have significantly altered 

hydrology and large areas of exposed soils that can contribute large volumes of sediment 

to streams (Waters 1995).  To identify and quantify the prevalence of areas with rapid 

development we used the 1990 and 2000 census block data (U.S. Census Bureau 1990, 

2000) to assign the population from each census block to our local catchment polygons 
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based on the percentage of block area located within each catchment.  This process 

yielded a population from both 1990 and 2000 attached to each catchment polygon, 

which was used to compute a population change by subtracting the population density in 

1990 from 2000.  Due to time constraints, we were unable to incorporate the most recent 

(2010) U.S. Census data into our calculations of population density and population 

change, which may affect localized representations of urbanization impacts. 

 

Quantifying Threat Prevalence 

Individual threat metric prevalence was quantified within each of the local 

catchment polygons.  Then we used customized Arc Macro Language (ESRI, Redlands, 

CA) programs to sum all of these values for each individual stream segment‟s entire 

watershed (i.e., the local catchment and all upstream catchments that a segment drains).  

We then divided these summed values by the overall watershed area to quantify the 

prevalence, per unit area or as proportion of watershed, of each threat metric within the 

watershed of each segment. 

 

Threat Metric and Index Calculations 

Threat metrics were removed from our dataset, to reduce redundancy in our 

representation of threats (Stoddard and others 2008), if they were significantly correlated 

with a threat metric that could appropriately represent the removed metric (e.g., road 

density can be represented as an impervious surface, but not by cropland).  Metrics were 

removed if their Pearson correlation coefficient was >0.55 and p <0.05 (corrected for 

multiple comparisons using Bonferroni adjustments).   
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Threat metric scores (  ) were calculated as 

       [
     

          
]      

where Tri,j is the ranked value of threat prevalence (as total contributing area) for every 

stream segment (i.e., the stream segment with the lowest threat prevalence received a 

rank of one and the stream segment with the highest density received the highest rank).  

Ties in threat prevalence were given the same rank.  To standardize the threat metric 

scores (  ), each segment‟s ranked threat prevalence score (  ) was divided by 

maximum ranked value for its corresponding ecoregion and multiplied by 100 (range: 0 – 

100).  Values of 100 represent the highest threat prevalence.   

 Threat index scores (TI) were calculated and standardized by summing the 

corresponding threat metric scores (Ts) for each index (Table 2.1).   

      [
             

                    
]       

Index scores of 100 represent stream segments with highest potential stress.  Final threat 

index scores were then incorporated into a seamless stream layer database and mapped in 

ArcGIS (ESRI, Redlands, CA). 

  

Agriculture Conservation Program Primary management capacity Matrix 

 A matrix was developed to determine the degree of NRCS management capacity 

for stream segments based on watershed condition.  Since conservation programs target a 

limited suite of threats, implementing agricultural conservation practices in watersheds 

where NRCS has primary management capacity should increase conservation practice 

effectiveness.  We did not distinguish between private and public lands, and it should be 
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noted that public lands are generally not within NRCS management capacity; 

management capacity of public lands is under the agency responsible for managing those 

lands.  In this paper, agriculture threats are considered target threats and all other threats 

are considered non-target threats.  The matrix was used to determine the relative degree 

of NRCS management capacity by assessing the potential stress from target threats, 

relative to potential non-target stress for each segment.  For each stream segment, its 

agriculture and non-agriculture threat index scores were given a quartile score (i.e., index 

score 0 – 25 = 1, 25 – 50 = 2, etc.; Table 2.2).  (Different scoring criteria would be 

acceptable to formulate this matrix if quartile scores were deemed too coarse a 

resolution.)  The upper half of the matrix was populated by dividing the agriculture (i) 

and non-agriculture (j) quartile scores for each Xij.  Matrix scores were then transposed to 

the corresponding Xij on the lower half of the matrix and given negative values.  Positive 

scores indicate stream segments where NRCS is most likely to have primary management 

capacity and the more positive the score, the more likely NRCS is to have greater 

management capacity (Table 2.2).  Matrix scores ≥ 2 were considered to represent 

primary NRCS management capacity.  (The threshold of ≥ 2 is presented here as an 

illustration and could be altered to suit an agency‟s needs.) 

 

Example of coupling threat and ecological condition assessments 

We obtained fish IBI scores from four sites in MORB (Fig. 2.3) to identify 

ecologically degraded streams and to illustrate how the conceptual process outlined in 

Figure 2.1 could be utilized by resource managers.  We haphazardly selected four streams 

that spanned the overall range of IBI scores.  The IBI scores were computed for the US 
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Environmental Protection Agency‟s (EPA) Regional Environmental Monitoring and 

Assessment Program in EPA Region 7 (M. Combes, unpublished data).  The IBI was 

applicable to streams across the entire EPA Region 7 and contained the metrics (all metrics 

were evaluated as “number of”): native species, native families, native individuals, sensitive 

individuals, tolerant individuals, benthic species, native sunfish species, minnow species, 

long-lived species, introduced species, trophic strategies, native carnivore species, native 

omnivore and herbivore species, and reproductive strategies.  The individual metrics for the 

IBI were evaluated to identify potential stressors causing ecological degradation.  Threat 

index scores for each site were then compared relative to the overall IBI score and the 

individual IBI metrics to evaluate the likely sources of ecological stress as they pertain to 

conservation decision making. 

 

Results   

 Percent impervious surface was significantly and highly correlated with 

developed open (r = 0.59), low (r = 0.96), medium (r = 0.91), and high (r = 0.66) urban 

land-use variables from the NLCD as well as road density(r = 0.85); therefore, these 

metrics were not included in the threat indices.  As a result, percent impervious surface in 

a contributing area was used to represent correlated urban land use and road density 

threats.     

Patterns of potential stress were evident at regional scales, but we identified 

localized patterns of potential stress that showed considerable spatial heterogeneity.  

Agriculture threats are most prominent across the MORB and on average stream 

segments have higher potential agriculture stress (Table 2.3).  Mean threat index scores 

significantly varied among the five ecoregions of the Missouri River basin, indicating 
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potential stress varies among the ecoregions (Table 2.3).  Visual examination of mapped 

output for the agriculture threat index (Fig. 2.4) illustrates that regional patterns in threat 

stress exist, e.g., high agriculture threats in the east-central portion of the basin.  

Although strong regional patterns of potential agriculture threat stress were evident, there 

was considerable spatial heterogeneity in potential agriculture stress at localized scales 

(see inset Fig. 2.4).  Similar patterns exist when examining non-agriculture threat stress 

across the basin (Fig. 2.5).  Non-agriculture threats primarily occur in or near urban areas.  

Non-agriculture threats were locally heterogonous, but these patterns were not evident on 

landcover maps because they do not account for watershed condition (see inset Fig. 2.5). 

 Matrix scores ≥2 were considered representative of segments where NRCS had 

primary management capacity.  Based on this criterion, NRCS had primary management 

capacity for 60% of stream segments in MORB.  NRCS had primary management 

capacity in 55% of Prairie Division, 76% of Temperate Steppe Division, 24% of Hot 

Continental Division, 14% of Temperate Desert Division, and 29% of Temperate Steppe 

Regime Mountain stream segments.  Regional patterns in NRCS primary management 

capacity were evident across MORB and generally followed the patterns of potential 

agriculture stress (Fig. 2.6).   

 The four sites evaluated for fish biotic integrity ranged from poor (site 1 = 14) to 

excellent (site 4 = 96) ecological condition and two sites were intermediate (Table 2.4).  

Sites 1, 2, and 3 had low benthic metric scores (Table 2.5) (fishes that feed and reproduce 

in the benthos and are sensitive to sedimentation; Barbour and other 1999).  Sites 1 and 3 

had the highest agricultural threat index scores (Table 2.4).  Site 2 had a relatively high 
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urban threat index score and moderate point-source pollution and infrastructure threat 

index scores (Table 2.4).  All threat indices in site 4 had low scores (Table 2.4).   

 

Discussion 

 Threat indices were used to identify regional and local patterns of multiple 

agriculture and non-agriculture threats for every stream segment in MORB.  The threat 

patterns were similar to those of landcover maps; however, unlike landcover maps our 

threat indices represent watershed condition for multiple threats.  Within highly impacted 

agriculture regions, there was considerable variation in watershed condition among 

stream segments.  This highlights the importance of cautiously using landcover map 

information to make resource conservation decisions. 

 Coupling ecological condition and threat assessments allows resource managers 

to identify ecologically degraded sites and the threats most likely causing degradation, 

helps provide information needed to select appropriate conservation practices.  The 

spatial resolution (stream segments) of our threat indices allows them to be coupled with 

field-based ecological data and potential sources of stress can be evaluated for essentially 

any biological stream sample.  However, because our maps and resulting threat index 

scores represent total watershed condition users should recognize that the indices cannot 

inform farm-scale planning efforts.  Using Figure 2.1 and our IBI example as an 

illustration, sites 1, 2, and 3 had overall IBI scores that indicated ecological degradation 

and the benthic IBI metric was low in each stream (relative to the least disturbed site 4), 

which suggested that sedimentation was an ecological stress (Barbour and others 1999).  

This example serves as illustration of how managers can use threat indices and biological 

information to quickly and efficiently reduce uncertainty regarding the threats most likely 
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causing ecological degradation.  The high agricultural threat index scores from sites 1 and 

3 suggested that potential sedimentation stresses most likely originated from agriculture 

threats and possibly from urbanization threats in site 1, which indicates that agricultural 

conservation practices administered by agencies like NRCS would be the most 

appropriate for stream restoration.  Threat index scores for site 2 suggested that 

sedimentation stress originated from urban threats and that point-source pollution and 

infrastructure threats may contribute additional stresses (Table 2.4).  In this instance, 

conservation practices or policies administered by state or federal water quality 

authorities (e.g.,) USEPA and local municipalities would be most appropriate.  Finally, 

site 4 had the highest ecological condition and correspondingly low threat index scores, 

suggesting a need for proactive (i.e., preventing further degradation) rather than 

restorative conservation practices.   

For threat indices to be widely used by multiple resource agencies, indices need to 

be applicable to multiple ecological indicators.  Most published threat indices are limited 

in their use outside of the taxa or ecological indicators they were developed for because 

the indices account for threat severity by weighting the relative influence of threat 

metrics to an ecological indicator (e.g., Esselman and others 2010; Mattson and 

Angermeier 2007).  For example, in Wisconsin streams, urbanization threats are more 

likely to degrade fish assemblages than agriculture threats and would thus be weighted as 

more severe (Wang and others 1997).  Unfortunately, different taxa have been shown to 

respond differentially to the same source of stress (Berkman and others 1986), therefore 

severity weights for threat metrics are likely applicable only to the ecological indicator 

being evaluated.  Incorporating measures of threat severity in threat indices is unlikely to 
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improve threat index scores because we hardly ever know the thresholds of threat 

prevalence that cause change in ecological condition (Paukert and others 2011).  

Additionally, assigning weights to individual threat metrics must often be done 

subjectively and it is likely that true thresholds of severity will be misrepresented.  In a 

comparative analysis, Paukert and others (2011) found that weighting threat indices 

produced nearly identical scores relative to scores from an unweighted index.  This 

suggests that weighting threat indices is unlikely to increase biological realism, especially 

when weighting schemes involve subjectivity.  Instead of accounting for severity, we 

argue that resource managers would be better off by establishing empirical relationships 

between threat indices and an ecological indicator to account for threat severity.  Our 

contention is that because relationships between a threat index and ecological indicator 

are likely to vary by region and taxon (Frimpong and Angermeier 2010) that threat index 

scores should not be altered depending on the ecological indicator being evaluated.  

Instead, managers can alter their interpretation of threat index scores by establishing 

empirical relationships between threat indices and ecological indicators (e.g., a threat 

index score of 50 in one region and a score of 65 in another region may represent the 

equivalent degree of degradation).  Doing so allows threat indices to be easily computed, 

avoids making assumptions about threat impacts to ecological indicators across different 

regions, and increases an index‟s applicability to resource managers.  

In most watersheds, multiple threats affect ecological condition (Diana and others 

2006; Zorn and Wiley 2006), and it is likely that addressing conservation concerns for an 

area will involve multiple agencies who have distinct management authorities.  We 

estimated that agriculture conservation programs such as those administered by NRCS 
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would have primary management capacity for a majority (60%) of the stream segments in 

MORB.  However, some lands within the MORB are under public ownership and 

management (e.g., national forests and grazing lands therein are managed by the US 

Forest Service), and may contain agricultural threats.  Public lands are areas where NRCS 

would not have primary management capacity, as threats on those lands would be 

addressed by the managing agency.  Given the existing regional patterns, there is 

considerable heterogeneity in NRCS primary management capacity across the landscape 

as non-agriculture threats are often prevalent enough outside of urban areas.  Three of the 

five MORB ecoregions had NRCS primary management capacity in only 14 to 29% of 

stream segments, indicating that relative to agriculture non-agriculture threats are the 

predominate threat.  Effective conservation in those ecoregions may require collaboration 

among multiple resource agencies.  Although management capacity was not identified for 

non-agriculture conservation programs, the threat indices or scoring matrix could be 

reformulated to meet desired needs.  For example, our point-source pollution index could 

be viewed as best addressed by the U.S. Environmental Protection Agency because they 

permit and regulate point-sources of pollution (US Environmental Protection Agenc 

2001).  Developing comprehensive management programs (among multiple management 

agencies) requires agencies to examine the relative contribution of stress from target 

threats (threats within their management capacity) to those of another agency so 

collaboration can be successful.  

  Conducting stream conservation efforts at large geographic areas involves 

identifying and prioritizing conservation areas (Groves and others 2002).  Threat indices 

can be used as tools to explicitly identify potential sources of stress on the landscape, 
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identify agencies that have management capacity over assessment units, and establish 

relationships with ecological indicators to determine potentially degraded systems.  The 

threat indices and primary management capacity scoring systems we developed could be 

used in a winnowing process to identify and select subsets of stream segments for stream 

conservation.  The regional patterns we observed in potential stresses could be used as a 

“first-cut” in a winnowing process to select broad geographic areas to focus conservation 

program implementation.  In the MORB example, the Prairie and Temperate Steppe 

Divisions tend to be the most agriculturally threatened and could be the focus of NRCS 

conservation programs.  Next, threat indices can be used to identify individual stream 

segments within regions where NRCS has primary management capacity, and 

presumably a greater chance of achieving conservation success.  Where ecological 

condition is known, resource managers should use threat indices to establish relationships 

among ecological indicators because ecological indicators respond differently to threats 

(Danz and others 2007; Frimpong and Angermeier 2010).  Once relationships among 

indicators are successfully established, resource managers can then interpret their threat 

index scores in an ecologically meaningful manner and select the appropriate 

conservation programs to implement.   
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Table 2.1.  Threat metrics and their data sources used to calculate five threat indices within the Missouri River basin.  

Abbreviations for the threat indices are AR = Agricultural, UR = Urbanization, PSP = Point-source Pollution, IN = 

Infrastructure, and NAG = Non-agricultural. 

Threat 

Dataset 

(measurement 

unit) Modified 

Threat Index 

Data Sources
a
 Source Date AG UR PSP IN NAG 

Row-Crop 

Agriculture 

(% of 

watershed) 

No X 

 

    U.S.G.S. - 2001 NLCD 2006 

     Canada National Land and Water 

Information Service 

2007 

         

Estimated 

Grazing 

(% of 

watershed) 

Yes X     U.S. Department of Agriculture – 2006 

Agriculture census 

2006 

     U.S.G.S. - 2001 NLCD 2006 

         

Channelized 

Streams 

(km/km
2
) 

Yes X     U.S.G.S. - 24k NHD Varies 

     U.S.G.S. and EPA - 100k NHD 2006 

     U.S.G.S. Wetland Mapper Team - National 

Wetlands Inventory 

2006 

         

Impervious 

Surface 

(% of 

watershed) 

Yes  X   X U.S.G.S. - 2001 NLCD 2006 

     Canada National Land and Water 

Information Service 

2007 
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Population 

Density 2000 

(#/km
2
) 

Yes  X   X U.S. Census Bureau – 2000 Block Data 2000 

     Statistics Canada 2007 

         

Population 

Change 1990 – 

2000 

(#/km
2
) 

Yes  X   X U.S. Census Bureau – 1990 Block Data 1990 

     U.S. Census Bureau – 2000 Block Data 2000 

     Statistics Canada 2007 

         

Coal Mines 

(#/km
2
) 

Yes   X  X EPA - Better Assessment Science 

Integrating Point & Non-point Sources 

2001 

     Canada National Pollutant Release 

Inventory Data 

2008 

     University of Nebraska - Lincoln 1996 

     Iowa Department of Natural Resources 2003 

         

Lead Mines 

(#/km
2
) 

No   X  X EPA - Better Assessment Science 

Integrating Point & Non-point Sources 

2001 

         

Other Mines 

(#/km
2
) 

Yes   X  X U.S.G.S. 2005 

     Canada National Pollutant Release 

Inventory Data 

2008 
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CERCLIS 

Sites
b
 (#/km

2
) 

Yes   X  X EPA – Envirofacts 2007 

         

         

Toxic Release 

Inventory Sites 

(#/km
2
) 

Yes   X  X EPA – Envirofacts 2007 

         

RCRA Sites
c 

(#/km
2
)

 
Yes   X  X EPA – Envirofacts 2007 

         

NPDES Sites
d
 

(#/km
2
)

 
Yes   X   EPA – Envirofacts 2006, 2008 

         

Landfills 

(#/km
2
) 

Yes   X  X EPA - Better Assessment Science 

Integrating Point & Non-point Sources 

2001 

     Missouri Department of Natural Resources 2006 

     Canada National Pollutant Release 

Inventory Data 

2008 

         

Dams 

(#/km
2
) 

No    X X National Inventory of Dams.  U.S. Army 

Corps of Engineers 

1996 

     Canadian National Topographic Database Unknown 
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Road Stream 

Crossing 

(#/km
2
) 

Yes    X X Census Bureau -TIGER 1999 

     Statistics Canada 2008 

     Missouri Resource Assessment Partnership -  

Streams 

2009 

         

Rail Stream 

Crossing 

(#/km
2
) 

Yes    X X Census Bureau -TIGER Database 1999 

     Statistics Canada 2008 

     Missouri Resource Assessment Partnership -  

Streams 

2009 

a
U.S.G.S = United States Geological Survey; NLCD = National Land Cover Database; EPA = United States Environmental 

Protection Agency; NHD = National Hydrography Database; TIGER = Topologically Integrated Geographic Encoding and 

Referencing database. 
b
CERCLIS = Comprehensive Environmental Response, Compensation, and Liability Information System 

c
RCRA = Resource Conservation & Recovery Act 

d
NPDES = National Pollutant Discharge Elimination System 
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Table 2.2.  Scoring matrix used to identify stream segments where NRCS had primary 

management capacity (see text for explanation) in the Missouri River basin.  Stream 

segments that had scores ≥2 were considered to be under the primary management 

capacity of NRCS.  Values in parentheses represent threat index scores. 

Non-agriculture 

Quartile Scores 

Agriculture Threat Quartile Scores 

1 

(0-25) 

2 

(25-50) 

3 

(50-75) 

4 

(75-100) 

1 

(0-25) 

1 2 3 4 

2 

(25-50) 

-2 1 1.5 2 

3 

(50-75) 

-3 -1.5 1 1.3 

4 

(75-100) 

-4 -2 -1.3 1 
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Table 2.3.  Mean and standard error of threat index values for the Missouri River basin calculated within Bailey‟s (1983) 

divisions.  One-way analysis of variance was conducted to determine if means significantly differed by division.  Superscripts 

of different letters indicate a significant difference in mean threat index scores among the ecoregions (row comparisons only).  

Refer to Fig. 2.2 for map of divisions. 

Threat 

Index 

Missouri 

River 

Basin 

Division 

Hot 

Continental Prairie 

Temperate 

Desert 

Temperate 

Steppe 

Temperate 

Steppe 

Regime 

Mountains 

Agriculture  43.24
 

(0.03) 

32.30
 a 

(0.15) 

48.81
 b 

(0.05) 

33.29
 c 

(0.14) 

46.76
 d 

(0.03) 

26.75
 e
 

(0.08) 

Urbanization  28.57 

(0.02) 

35.47
 f
 

(0.15) 

34.07
 g
 

(0.06) 

27.04
 h
 

(0.11) 

26.57
 h
 

(0.03) 

25.65
 i
 

(0.07) 

Infrastructure  16.55 

(0.02) 

18.90
 k
 

(0.11) 

22.27
 l
 

(0.05) 

18.56
 k
 

(0.12) 

14.73
 m

 

(0.03) 

13.10
 n
 

(0.06) 

Point-source 

Pollution  

17.26 

(0.01) 

23.52
 p
 

(0.08) 

17.52
 q
 

(0.02) 

26.58
 r
 

(0.05) 

16.00
 s
 

(0.01) 

17.23
 t
 

(0.02) 

Non-

agriculture  

22.94 

(0.01) 

28.07
 u
 

(0.09) 

25.83
 v
 

(0.03) 

31.16
 w

 

(0.08) 

20.94
 x
 

(0.01) 

22.20
 y
 

(0.04) 
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Table 2.4.  Fish Index of Biotic Integrity (IBI) and threat index scores from four stream 

sites in Missouri River basin.  Higher IBI scores indicate higher biotic integrity.  Higher 

threat index scores indicate higher threat prevalence. 

  Index 

Site 

IBI 

Score Agriculture 

Point-source 

Pollution Urbanization Infrastructure 

Non-

agriculture  

1 14 78.76 24.66 42.97 27.47 33.96 

2 37 14.04 46.72 93.19 55.14 67.23 

3 63 41.15 15.22 19.09 7.75 16.46 

4 96 6.33 18.44 13.10 25.93 20.90 
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Table 2.5.  Fish Index of Biotic Integrity (IBI) and metric scores for four streams in the Missouri River basin.  Higher IBI and metric 

scores indicate higher biotic integrity.  NAT = native species, NAF = native families, IND = native individuals, SENS = sensitive 

species, TOL = tolerant species, BNTH = benthic species, SUN = native sunfish species, MIN = minnow species, LOL = long-lived 

species, INT = introduced species, TRO = trophic strategies, NAC = native carnivore species, NOH = native omnivore and herbivore 

species, and REP = reproductive strategies. 

 

  
IBI Metric Scores (number of) 

Site IBI Score NAT NAF IND SENS TOL BNTH SUN MIN LOL INT TRO NAC NOH REP 

1 14 0.94 2.41 1.52 0 0 0 0 1.9 0 10 0 0 0 2.91 

2 37 2.05 4.65 3.75 0 0.32 0 4.55 1.19 3.47 10 2.07 10 10 0 

3 63 7.06 5.75 6.73 0 4.26 1.51 8.32 8.74 7.85 10 7.65 10 4.46 6 

4 96 10 10 10 10 7.53 10 10 10 10 10 10 10 10 10 
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Figure 2.1.  Conceptual diagram illustrating potential decision pathways and outcomes of 

conducting ecological condition and threat assessments.  Solid arrows represent the 

alternative decision paths resource managers could follow when conducting each 

assessment independent of the other.  Dotted arrows and borders represent decision 

pathways and potential assessment outcomes when ecological condition and threat 

assessments are coupled.  Italic font represents intermediate outcomes of the decision 

path (e.g., lithophils were identified as limiting biotic integrity in the ecological condition 

assessment).  
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Figure 2.2.  Map of the Missouri River basin and Bailey‟s (1983) division classifications. 
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Figure 2.3.  Map depicting four stream sites within the Missouri River basin where fish 

index of biotic integrity scores were computed.  Numbers on map depict site numbers 

that are referenced in text.  Refer to Tables 2.4 for index of biotic integrity scores and 

Table 2.5 for individual IBI metric scores.  

1 

3 

2 

4 



 

59 

 

 
Figure 2.4.  Map of the agriculture threat index scores (target threats) for every stream 

segment within the US portion of the Missouri River basin.  Threat index scores were 

calculated using threat prevalence information quantified for every stream segment‟s 

upstream watershed area.  Threat index scores were calculated separately for each 

division classification (see Figure 2.2).  Maximum threat scores are relative to the most 

threatened stream segment in each division. 
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Figure 2.5.  Map of the non-agriculture threat index scores (non-target threats) for every 

stream segment within the US portion of the Missouri River basin.  Threat index scores 

were calculated using threat prevalence information quantified for every stream 

segment‟s upstream watershed area.  Threat index scores were calculated separately for 

each division classification (see Figure 2.2).  Maximum threat scores are relative to the 

most threatened stream segment in each division. 
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Figure 2.6.  Map of NRCS primary management capacity for every stream segment 

within the US portion of the Missouri River basin.  Streams with management capacity 

scores ≥2 (see text and Table 2.2) were considered to be under NRCS management 

capacity.  
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CHAPTER 3 - EFFECTIVENESS OF NRCS AGRICULTURE CONSERVATION PRACTICES 

ON STREAM FISH ASSEMBLAGES 

 

 

 

Abstract 

Improving fish conservation in agricultural landscapes requires a better 

understanding of where conservation practices (CPs) have been effective, the types of 

CPs that will improve conservation, and the density of CPs needed to achieve 

conservation goals.  This research assesses agricultural soil CPs intended to address soil 

erosion and sedimentation issues that are implemented through the U.S. Department of 

Agriculture Natural Resources Conservation Service‟s (NRCS) assistance based on their 

effectiveness at improving fish assemblages across the Missouri River basin.  Multiple-

regression modeling for individual stream segments was used to predict the watershed-

scale effects of physiography, human threats, and agriculture CPs on the guild abundance 

of fish reproductive and trophic guilds sensitive to sedimentation.  Models were used to 

predict two scenarios of guild abundance for each stream segment where: 1) base 

condition of guild abundance assuming no CPs were implemented and 2) a conservation 

condition guild abundance which incorporated the effects of currently implemented 

NRCS CPs applied from 1999 - 2008.  Lithophilous spawning guilds were positively 

associated with NRCS CPs, which indicated that CPs have the potential to effectively 

address agricultural sources of stream sedimentation.  Conversely, omnivores were 

negatively correlated with NRCS CPs indicating trophic diversity may increase with 

implementation of CPs.  CPs were considered effective for a stream segment if base fish 
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assemblage conditions were predicted to be „more disturbed,‟ and fish assemblages in the 

conservation condition associated with applied CPs  were predicted to be „less disturbed.‟  

Models indicated that applied CPs were expected to be effective in less than 2% of the 

Missouri River Basin stream segments we assessed.  A watershed generally needed more 

than 50% of its area treated with NRCS soil conservation practices for CPs to be effective 

at improving fish assemblages and the observed lack of effectiveness was primarily in 

watersheds having significantly less than 50% coverage of these practices.  Because 

conservation resources are limited, and the density of CPs needed to be effective is so 

high, successful fish conservation in agricultural landscapes will require managers to 

prioritize watersheds where CPs can be implemented in great enough density to reach 

ecological conservation goals.  
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Chapter 3 - Summary of Management Opportunities, Use Limitations, and 

Improvement Options for Analyses Used to Assess Effectiveness of NRCS 

Agriculture Conservation Practices on Stream Fish Assemblages 

 

Opportunities for Using Conservation Practice Assessment 

 Assess past and prioritize future implementation of NRCS CPs at multiple spatial 

scales to identify stream reaches: 

o where agricultural conservation is likely not needed, but maintenance of 

current conditions is necessary.   

o where fish assemblages are likely to be below reference conditions, but 

non-agricultural conservation is needed. 

o where past or existing CPs have likely improved fish assemblage 

condition and maintenance of current practices is needed. 

o and prioritize where fish assemblages are likely to be below reference 

conditions and restorative agricultural CPs are needed. 

 Quantify the amount of CPs likely needed to change guild 

abundance to targeted conservation levels (e.g., reference 

condition). 

Limitations and Caveats of the Conservation Practice Assessment 

 Applied CPs were assumed fully functional upon implementation. 

o the models do not account for potential temporal lags in CP effects to 

physical habitats and biological communities. 

 Applied CPs were assumed to meet all goals outlined in the NRCS national 

practice standards. 

 The fish guild abundance values used to represent reference conditions may or 

may not accurately reflect the expected conservation outcomes of NRCS or 

another of the resource management agency. 

 Model predictions should not be extrapolated outside of the ecoregions in which 

they were developed. 

 Conservation practices not cost-shared by NRCS were unrepresented in our 

datasets. 

 

Options for Improvement 

 Field-based validation should be conducted to determine actual CP effectiveness 

(the models and their resulting predictions were statistically validated). 

 Record applied NRCS practice data to reflect actual boundaries and footprint of 

CPs (as opposed to points) to increase accuracy of watershed-level prevalence 

estimates.  

 Account for the type and amount of applied CPs not cost-shared through NRCS 

to more accurately represent agricultural conservation efforts. 

 Increase spatial coverage of fish sampling data. 

o more samples from least disturbed streams. 

o samples that span the entire density gradient of agricultural CPs. 

 Incorporate additional biological endpoints (e.g., macroinvertebrates) in future 

analyses of CP effectiveness. 

 Evaluate the temporal lag associated with biotic response and CP implementation.
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Introduction 

Fish conservation efforts are increasingly being conducted over large spatial 

extents (NFHAP 2006), which requires managers to use conservation resources in a 

manner that maximizes the potential for success.  Aquatic ecologists have long 

recognized and called for a watershed approach to fish management (Moyle and 

Yoshiyama 1994) because it recognizes the importance of landscape constraints on fish 

assemblage structure by identifying limiting factors at multiple spatial scales (Poff 1997).  

Using this approach, managers can identify threats causing ecological degradation, 

determine appropriate conservation practices (CPs) to implement, and identify specific 

watersheds to focus their conservation efforts.  However, watershed assessments 

designed to determine the factors responsible for ecological degradation are generally not 

conducted prior to conservation/restoration activities, and sites are generally selected 

based on opportunity (i.e., availability of land) instead of ecological need (Alexander and 

Allan 2006; Alexander and Allan 2007).   

Stream sedimentation is regarded as the largest threat to U.S. streams because of 

its impact on physical habitats and its direct effects to biota (US Environmental 

Protection Agency 2000b; Waters 1995; Wood and Armitage 1997).  The primary cause 

of soil erosion and stream sedimentation in the Midwestern U.S. is poor agricultural 

practices (e.g., clean tillage or overgrazing) that result in excessive soil disturbance.  

Sedimentation from agriculture causes decreased channel and bank stability (Diana and 

others 2006; Infante and others 2006) and this leads to greater bank erosion and channel 

widening (Kondolf and others 2002).  Fishes are good indicators of water quality and 

their trophic and reproductive traits are sensitive to sedimentation (Berkman and Rabeni 

1987; Bramblett and others 2005; Sutherland and others 2002).   
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Because soil erosion is detrimental to stream ecosystems and farm production 

(including profitability), most agriculture CPs are designed to reduce soil erosion or 

prevent eroded sediments from entering streams.  The potential for CPs to reduce erosion 

or prevent sedimentation is generally well understood and quantified (Schnepf and Cox 

2006), but little is known of their ecological effectiveness.  Agriculture CPs are generally 

found to be very effective at preventing erosion and reducing sediment loads in runoff 

with up to a 90% reduction in both (Reeder and Westermann 2006), but these effects are 

usually estimated in controlled experiments and  are not always corroborated by field 

observations (Boesch and others 2001; Gregory and others 2007; Lemke and others 

2011). 

 Most agriculture conservation in the U.S is funded through voluntary 

conservation programs authorized by recurring Farm Bills.  The USDA Farm Service 

Agency administers the Conservation Reserve Program (CRP), whereby 

environmentally-sensitive croplands are temporarily taken out of production.  The USDA 

Natural Resources Conservation Service (NRCS) administers several long-term easement 

programs (Wetlands Reserve Program, Grasslands Reserve Program, Farm and 

Ranchland Protection Program) and working lands conservation programs such as the 

Environmental Quality Incentives Program.   

Farm Bill conservation programs are intended to improve environmental 

conditions, including wildlife habitat, in agricultural landscapes (Burger and others 2006; 

Gray and Teels 2006;).  Benefits of agricultural conservation practices have been 

recognized and documented for terrestrial wildlife species.  Enrolling land in the CRP 

and re-establishing grassland habitats has benefitted grassland bird populations and 
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production capacity of prairie-nesting ducks (Haufler 2005; Heard and others 2000).  

Benefits to a variety of birds and other wildlife have been documented from lands 

enrolled in the Wetlands Reserve Program and conservation practices applied on working 

agricultural lands (Haufler 2005; Heard and others 2000).    

 Less understood are the effects of NRCS conservation practices on lotic fish 

assemblages.  Due to the widespread nature of agricultural threats, it will be critical to 

apply CPs on private lands to address soil conservation and stream sedimentation issues.  

However, research has indicated CP effectiveness can be variable when using fish 

assemblages as an indicator (Westra and others 2004; Zimmerman and others 2003).  

Therefore, fish conservation managers working in agricultural landscapes need a better 

understanding of where CPs have been effective, the types of CPs that provide ecological 

benefits, and the density of CPs needed to achieve the desired ecological effects.   

 Fish assemblages are important human resources (e.g., food and recreation) and 

are ideal water quality indicators well suited for investigating the effects of land 

management practices.  Our premise is that effective soil CPs are those that reduce soil 

erosion and stream sedimentation,  and in turn improve water quality and lotic fish 

assemblages.  The goal of this research was to determine if NRCS CPs designed to 

reduce soil erosion or prevent sedimentation in agriculturally degraded streams and small 

rivers were ecologically effective, and to identify the types of CPs that were most 

effective.  Soil conservation practices were considered ecologically effective in a 

watershed if their implementation (i.e., their presence and density) was predicted to shift 

streams from „more‟ to „less‟ disturbed conditions due to a presumed reduction in stream 

sedimentation as defined by reference condition values of fish guild abundance.  
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The goal was accomplished by completing two objectives: 

 Assess CP effectiveness in streams and small rivers by using a multiple-

regression modeling framework to account for the variation in fish reproductive 

and trophic guild abundance as a function of physiographic features and human 

threats.  

o Use the models to estimate how NRCS CPs affect fish guild abundance. 

o Determine for individual stream segments if currently implemented CPs 

were predicted to shift streams from „more‟ to „less‟ disturbed conditions 

 Determine if CPs designed to prevent soil erosion were more effective than those 

designed to prevent eroded sediment from entering stream channels. 

 

Human Threats and Their Influence on Fish Guild Abundance 

Even though agriculture is the predominate threat to lotic systems in the 

Midwestern U.S., non-agricultural threats are generally heterogeneous across the 

landscape (Fore Chap. 2) and affect fish communities and overall ecological condition.  

Accounting for the effects of human threats to fish assemblages allows us to more 

accurately assess ecological degradation by improving the accuracy of estimating fish 

guild abundance.  Urban threats tend to be spatially localized but can dramatically affect 

biota and alter physical habitats due to changes in hydrology (Roy and others 2005), 

increased sedimentation (Wolman and Schick 1967), and from point-sources of pollution 

(Hatt and others 2004; Young and Thackston 1999).  Low densities of urbanization 

(generally 10% of watershed) have been shown to alter fish communities and ecological 

integrity (Wang and others 2000; Wang and others 2001; Weaver and Garman 1994).  
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Point-sources of pollution are generally located near urban areas, with the notable 

exception of mining activities, and can directly kill or displace aquatic biota.  Finally, 

infrastructural threats such as dams and road crossings directly alter physical habitats and 

often fragment stream networks (Bouska and others 2010; Kondolf 1997; Ligon and 

others 1995; Poff and others 2007).   

 

Fishes as Ecological Indicators 

Fishes and the ecological guilds they belong to are ideal indicators of water 

quality (Karr 1981; Schmutz and others 2000).  When selecting indicators of ecological 

degradation it is important to choose indicators that provide early warnings of ecological 

degradation, are appropriate to the spatial scale, are sensitive to a wide range of multiple 

stresses, are socially relevant, and indicate the cause of ecological change (Cairns 2003; 

Carignan and Villard 2002).  Though aquatic macroinvertebrates are often used as 

ecological indicators (Berkman and others 1986), we used fishes because 

macroinvertebrates are generally more related to reach-scale physical habitat features 

than watershed-scale features (Richards and others 1997).  Reach-scale physical habitat 

features that influence macroinvertebrate communities are generally related to catchment-

scale features (Hutchens and others 2009), but obtaining consistent reach-scale physical 

habitat data across our study area was impossible and prevented the use of 

macroinvertebrates as ecological indicators.   

Fishes have long been used as ecological indicators (Angermeier and Schlosser 

1987; Karr 1981) because they integrate all aspects of their physiochemical environment, 

which makes them sensitive indicators of multiple anthropogenic disturbances (Karr 
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1999; Karr and Chu 2000).  Since fishes are long-lived (relative to invertebrates) and 

mobile they are useful indicators of watershed-level conditions and are symptomatic of 

both chronic and acute environmental degradation (Schmutz and others 2000).  

Additionally, the public relates to fishes as indicators of ecological condition (or water 

quality) because of their value as a food source and as a means of recreation; this 

relationship between human values and fish provides a means to effectively communicate 

to agricultural producers and the public. 

It is difficult to compare fish assemblages across large spatial extents because 

some species have limited distributions and the potential species pool can differ among 

watersheds.  Trait-based approaches have been developed to address these issues across 

broad geographical areas (Frimpong and Angermeier 2009).  Fish species are placed in 

ecological guilds that represent functional traits (niches) that have been shown to be 

similarly related to habitat features independent of the species pool and can be used to 

describe environmental relationships over large spatial extents (Lamouroux and others 

2002).  Another advantage of using ecological fish guilds is that because they represent 

functional traits of a community, the guild‟s abundance can be linked to physical drivers 

or processes (e.g., sedimentation) (Poff 1997).  Ideally, researchers would establish 

causal mechanisms between human threats and stressors and identify how they alter 

ecological processes.  However, this is nearly impossible over large geographic areas 

because we lack complete spatial data coverage to identify those causal mechanisms.  

Instead, ecologists can establish linkages among threats to functional fish traits (and 

guilds) to identify the likely mechanisms that cause change in fish communities (Poff and 

Allan 1995).  
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Study area  

The Missouri River basin drains about 1,371,017 km
2
 of the United States and 

25,100 km
2
 of Canada (Galat and others 2005).  Dominant land cover within the basin 

includes 25% cropland, 48% grassland/pasture, 10% forest, 11% shrub, 3% urban, 2% 

wetland, and 1% open water.  The Missouri River basin contains five Divisions (Bailey 

1980; Bailey 1983) used as ecoregions: 1) Temperate Steppe Regime Mountains, 2) 

Temperate Steppe Division, 3) Temperate Desert Division, 4) Prairie Division, and 5) 

Hot Continental Division (Fig. 3.1).  The first three divisions are in the Dry Domain and 

the latter two are in the Humid Temperate Domain of Bailey‟s classification.  The 

Temperate Steppe Regime Mountains are distinguished from the Temperate Steppe 

Division because they exhibit altitudinal zonation that would otherwise share the same 

climatic regime.  The Temperate Steppe Division is semiarid with cold and dry winters, 

warm and hot summers, and with evaporation generally exceeding precipitation.  Typical 

vegetation is short grasses growing in bunches with scattered shrubs (generally 

sagebrush) and sometimes low trees.  Soils are generally Mollisols, with Aridisols in 

some areas.  Temperate Desert Division is a continental desert climate of extreme aridity, 

averaging less than 200mm in annual precipitation.  Vegetation consists mostly of 

sagebrush and soils are Aridisols low in humus.  The Prairie Division is typically 

associated with climates in which soil and air temperatures are high in summer and soil 

moisture is insufficient for tree growth.  Vegetation consists of tall grasses with 

subdominant broad-leaf herbs.  Woody species are generally absent.  Soils are Mollisols, 

rich in organic matter.  The Hot Continental Division is characterized by hot, humid 

summers with cool winters.  Dominant vegetation is deciduous forest with a low shrub 
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layer and an understory of herbs in early spring.  Soils are primarily Inceptisols, Utisols, 

and Alfisols. 

 

Methods 

General Modeling Approach 

Models were developed to assess how the implementation of NRCS CPs affected 

fish guild abundance in ecoregions of the Missouri River basin.  Fish guilds were used as 

indicators of CP effectiveness because they provide a mechanistic linkage between land 

use practices and their stressors (e.g., sedimentation) and the effects of soil CPs.  Because 

the primary stressor from agricultural activities is stream sedimentation, species 

abundance of lithophilous spawning fishes (those that deposit their eggs in substrate) was 

hypothesized to be positively related to NRCS CPs designed to reduce stream 

sedimentation (Rabeni and Smale 1995).  The species abundance of omnivores (those 

that feed on both plant and animal materials) was hypothesized to be negatively 

associated with NRCS CP density as this guild is commonly used to indicate ecological 

degradation (Angermeier and Schlosser 1987; Hughes and others 1998; Karr and others 

1986).  If guilds were absent in stream segments within an ecoregion we first modeled 

their distribution (presence/absence) to improve the accuracy of the CP assessment.  

Accuracy was improved by excluding stream segments where the guild was predicted to 

be absent because the effects of soil CP on fish guild abundance was assessed only in 

stream segments where the guild was predicted to occur.  The first steps of the CP 

assessment were to account for natural physiographic and human induced threat variation 

in guild abundance.  We then evaluated how applied NRCS CPs were associated with 

guild abundance.  Predicted changes in guild abundance as a result of CP implementation 
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were evaluated relative to reference condition abundance estimates to assess if NRCS CP 

implementation improved stream condition from „more‟ to „less‟ disturbed conditions.   

 

Regional Applicability of Conservation Practice Assessment 

All models were constructed independently for each Missouri River Basin 

ecoregion to control for potential differences in biological response to threats and CPs 

(Frimpong and Angermeier 2010).  The CP assessment applies only to streams classified 

as smaller than medium rivers (maximum link magnitude was 500).  Stream size was 

restricted because headwater and smaller streams are more intricately linked to hillslope 

processes and land use activities than larger rivers (Gomi and others 2002); i.e., small 

streams are arguably more impacted by sedimentation.  Although large rivers are a 

product of their watershed and thus influenced by land use (Hynes 1975), they are 

generally more impacted by hydrologic and geomorphic alterations associated with 

impoundments, dam operations, and in-channel structures (e.g., wing dikes) (Galat and 

others 2005; Jacobson and Galat 2006; Ward and Stanford 1983).   

Additionally, obtaining representative fish community samples in large rivers 

requires sampling several habitat types with multiple gears (Utrup and Fisher 2006), 

whereas small streams generally can be effectively sampled with only one gear (usually 

electrofishing equipment).  Our fish sample data lacked information on gear types used to 

collect the samples and we were therefore not confident the fish community samples 

would be representative for large rivers.   
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Using Fish and Ecological Guilds to Assess Conservation Practice Effectiveness 

Ecological fish guilds were used to evaluate the effects of soil CPs to fish 

communities.  We used the lithophilous spawning fish guild because they are sensitive to 

stream sedimentation.  Lithophils deposit their eggs in the substratum, and often bury 

eggs in nests, where they require clean flowing water to provide oxygen and remove 

wastes (Balon 1975).  Therefore, lithophils are sensitive to sedimentation threats 

(Berkman and Rabeni 1987; Nerbonne and Vondracek 2001; Sutherland and others 2002) 

and are generally expected to decrease in abundance as the density of threats causing 

sedimentation increases.  Since measurements of stream sediment loads are not readily 

available, evaluating the response of lithophils to threats that cause sedimentation 

provides an indirect but mechanistic approach to assess how assemblages are affected by 

sedimentation and CPs designed to reduce sedimentation.   

 Fish trophic guilds are often used as indicators of biotic integrity (Angermeier and 

Karr 1986; Wang and others 1997) because macroinvertebrate communities and the 

fishes that specialize on foraging for macroinvertebrates are affected by stream 

sedimentation (Berkman and Rabeni 1987; Rabeni and others 2005; Waters 1995).  

Omnivorous fishes have been demonstrated to be an effective indicator of biotic integrity 

as they are typically more abundant at higher levels of environmental degradation 

(Bramblett and Fausch 1991; Fausch and others 1984; Karr 1981).  This is most likely 

associated with the exclusion or reduced abundance of feeding specialists (e.g., benthic 

invertivores) as sedimentation and other stressors increase. 
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Modeling Fish Guild Distribution 

We were primarily concerned with the response (increases or decreases) of 

indicator guild abundance to NRCS CPs in our CP assessment.  However, guilds are 

often absent in streams as a function of physiographic features and human threats.  In one 

ecoregion, the lithophil guild was commonly absent and we determined that our CP 

assessment models were not robust enough (they inaccurately predicted guild abundance) 

to account for the complex relationship among guild absence, physiographic features, 

human threats, and CPs.  Upon further examination and by using a more robust modeling 

approach, we determined that the distribution (presence/absence) of the lithophil guild 

was influenced by complex interactions of physiography and human threats that our CP 

assessment model could not account for.  We then used the distribution model to predict 

lithophil guild presence/absence across the ecoregion.  Since lithophil guild distribution 

was not affected by CPs, we parameterized the CP assessment model with samples where 

the guild was present, as this allowed us to increase accuracy of the guild abundance 

predictions.  Additionally, the CP assessment was not applied to stream segments where 

the distribution model predicted the guild to be absent.  The CP assessment was then 

conducted by using a three-step multiple-regression modeling approach to estimate the 

effects of physiography, human threats, and NRCS CPs on fish reproductive and trophic 

guild abundance. 

 

Physiography and its Influence on Fish Guild Abundance 

The effects of physiographic features on fish guilds were accounted for in our 

models to account for the „natural‟ variation in fish guild abundance.  Surficial geology 
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and soil characteristics influence hydrology by affecting water infiltration rates and their 

mineral contents determine water chemistry (Allan and Castillo 2007; Charlton 2008; 

Cronan and others 1998; Hynes 1975).  The rock fragment in soil can determine 

streambed materials and influences stream hydrology.  Similarly, bedrock influences 

stream channels by constraining reaches and affecting hydrology (Charlton 2008).  These 

factors are useful to describe variation in fish assemblage structure and should increase 

accuracy of guild abundance predictions (Helms and others 2009). 

 

Datasets 

This project relied on four major datasets: Fish Samples, Physiography, NRCS 

CPs, and Threat Indices.  All data were georeferenced and, where applicable, the 

prevalence of each variable in the dataset was computed for every stream segment‟s 

(maximum link magnitude = 500) entire watershed and local contributing area.  Three of 

the four datasets merit explanation below and information about the threat indices can be 

found in Fore (Chap. 1). 

 

Fish Samples 

Georeferenced fish samples were gathered from various state agencies and the 

Missouri River Basin Aquatic GAP project (Annis et al., unpublished data).  Because the 

purpose for each fish collection and the sampling methodologies were unknown for each 

sample, we assumed that a sample with at least two species represented a community 

collection.  Samples with less than two species were omitted from all analyses and were 

assumed to represent collections targeted for a specific taxon.  All fish samples were 
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spatially joined to the stream segment data-layer (described in Geographic Framework 

section below) and summarized to represent species presence. 

Using the FishTraits database developed by Frimpong and Angermeier (2009), 

fish species from each sample were classified into reproductive and trophic guilds.  The 

FishTraits database was used because it provides a consistent classification of traits for 

all North American freshwater fish species.  Reproductive guilds classifications are those 

of Balon (1975).  Briefly, fish species are classified as non-guarders, nest guarders, and 

bearers.  Within each of those groups, fish species are classified by their spawning 

behavior (e.g., lithophilous or phytophilous spawning) with each behavior assumed to be 

evolutionarily derived.  We evaluated non-guarding, lithophilous spawners that utilize 

brood-hiding behaviors (group A.2.3).  The non-guarding behavior was chosen because 

fish that guard nests have the ability to remove accumulated sediments from the nest and 

increase nest success; i.e., they are less sensitive to sedimentation.   

Fish species are not classified into trophic guilds in FishTraits.  Instead, the 

foraging strategies utilized by each species are reported and the user is responsible for 

designating trophic guilds.  In this project, fish species were classified as omnivores if 

they consumed both animal and plant materials, regardless of their feeding position in the 

water column (any combination of FishTraits fields: FSHCRCRB or INVLVFSH or 

EGGS and ALGPHYTO or MACVASCU or DETRITUS and BENTHIC or SURWCOL; 

Frimpong and Angermeier 2009).   

The guild abundance of each reproductive and trophic guild was calculated for 

each sample as the proportion of species recorded in a guild out of the total number of 

species in the sample.  The fish sample dataset was then split for each ecoregion into a 
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„training‟ dataset by randomly selecting 75% of the samples and a „test‟ dataset using the 

remainder.  The training data were used for regression model parameterization, and the 

test data were used to validate the models. 

 

Physiography 

Physiographic features were quantified in Missouri River basin to account for 

their influence on fish distributions (Sowa and others 2006; Steen and others 2008).  

Physiographic variables used were surficial geology, soil texture, depth to bedrock, 

percent rock-fragment in soil, and soil hydrologic group.  Data were obtained from the 

Missouri River Basin Aquatic GAP project (Annis and others, unpublished data).   

Physiographic variables were summarized using categorical principal components 

analysis (CPCA) to reduce the number of variables used for modeling.  The 

physiographic variables were not appropriate to use in normal (linear) PCA because 

either watershed densities of each variable tended to be absent or near 100%; therefore, 

the variables were better described on an ordinal scale.  Categorical principal components 

analysis does not assume linearity between variables and primarily differs from normal 

PCA because the correlation matrix is not used (Linting and others 2007).  Instead, 

CPCA uses an optimal scaling approach to quantify newly created categorical variables 

that account for as much variance in the original variables as possible.  The CPCAs were 

conducted in the SPSS CATPCA program.  Physiographic variables were discretized into 

10 ordinal categories in an approximately normal distribution.  Principal components 

were retained if their eigenvalue was greater than one, and they accounted for more than 
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or equal to 10% of the variance.  Principal component scores were computed for each 

stream segment and used in model parameterization.   

 Four principal components were retained for the Hot Continental Division and 

these explained 75% of the variance in physiography among all stream segments (Table 

3.1).  Principal component one  was interpreted as a gradient of streams with watersheds 

containing soils with moderately low runoff potential to watersheds with deeply 

weathered loess, no rock fragment in the soil, and soils with moderately high runoff 

potential.  Principal component two was interpreted as a gradient of watersheds with soils 

having moderately low runoff potential to watersheds with red clay.  Principal component 

three was a gradient of 10-20% rock fragment in the watershed to 0-10% rock fragment 

in the watershed.  Floodplain and alluvium terraces and fine texture soil loaded positively 

on principal component four (Table 3.1). 

 Four PCs were retained in the Prairie Division that explained 75% of the variance 

in physiography among all stream segments (Table 3.2).  Soils of moderately low runoff 

potential loaded positively on principal component one.  Principal component two was a 

gradient of medium soil texture to medium fine soil texture.  Pre-Wisconsinan drift and 

soils with high runoff potential loaded negatively on principal component three, while 

Wisconsinan loess and soils with moderately high runoff potential loaded positively.  

Pre-Wisconsinan drift loaded positively on principal component four and soils with high 

runoff potential loaded negatively (Table 3.2). 
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NRCS Conservation Practices 

Georeferenced NRCS CP data were obtained for Missouri River basin.  The 

dataset included records of practices applied between 1999 and 2008 and the amount of 

practice installed [area (ha), number (no), or length (m)] at each point location.  Each 

practice instance and its amount applied were attributed to the local catchment polygon 

that contained the practice.  Practices were considered duplicates and omitted if they were 

implemented for multiple years at the same location and in the same density.  Watershed 

prevalence of each practice was calculated for every stream segment as described below 

in the Geographic Framework section.  Conservation practices were assumed fully 

functional upon implementation, and remained implemented and functional over the 

entire 9-year period.   

Conservation practices were classified in groups that reflected the primary 

purpose of each practice.  Grouping practices was necessary because a large number of 

practice types had similar goals and effects, and their wide spatial distribution often 

resulted in poor overlap of individual practice types with fish samples.  Additionally, 

evaluating each CP type could lead to excessive statistical errors in the regression models 

due to insufficient degrees of freedom and the potential to over-fit the model.  The 

national practice standard (available at: http://www.nrcs.usda.gov/wps/portal/nrcs/main/ 

national/technical/alphabetical/ncps) for each NRCS CP was reviewed to identify 

commonalities among practice types.  Nearly all CPs were aimed at improving water 

quality by reducing or preventing Soil Disturbance (SD) that causes erosion, or by 

preventing Sediment from Entering stream Channels (SEC).  There were two groups of 

SEC practices, and they differed by their measurement unit of implementation.  All SD 
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practices were implemented in hectares and most SEC practices were applied in hectares 

(SEC-ha), but some were applied linearly and reported in meters (SEC-m).  Therefore, all 

CPs related to soil conservation were classified into three groups, SD, SEC-ha, and SEC-

m (Table 3.3).  Soil disturbance practices differed from SEC practices because they were 

designed to reduce erosion (thus, stream sedimentation), whereas SEC practices were 

designed to prevent eroded sediment from entering stream channels.  Although all three 

CP groups have the potential to improve water quality, primarily through reducing 

sediment loads to streams, each practice group was evaluated separately to assess if one 

group was more effective than another.  

Records of most of the 185 practice types were too few (<1000 occurrences with 

some exceptions; or <0.0008 % of total number implemented) to warrant further analysis; 

therefore, a subset of commonly applied practices were identified for further analysis.  

Infrequently implemented practices were excluded because they did not overlap with a 

sufficient number of fish samples to warrant inclusion into the analysis.  Twenty-nine 

types of soil CPs were applied frequently enough to conduct the CP assessment (Table 

3.3).  Five practice types with <1000 occurrences were included in the CP groups because 

they were similar to other practice types with >1000 occurrences (i.e., the outcomes of 

the practices were expected to be the same).  The five practices and their similar 

counterparts were: 1) 329C (Ridge Till) similar to 329 (No-till), 2) 346 (Ridge Till) 

because of its potential to reduce erosion, 3) 390 (Riparian Herbaceous Cover) similar to 

391 (Riparian Forest Buffer) in that they are both in riparian zones, 4) 658 (Wetland 

Creation), and 5) 659 (Wetland Enhancement) similar to 657 (Wetland Restoration).  

Practice 329c and 346 both involve ridge tillage but were placed in different CP groups 
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because no-till planting applies to 329c whereas no-till planting is not covered under 346; 

therefore, soil disturbance is not likely to be reduced in 346 (Table 3.3).   

 

Human Threats 

A threat assessment was conduct for all stream segments in the Prairie Division 

and Hot Continental Division.  Threat indices representing agricultural, urban, point-

source pollution, and infrastructural threats were constructed by calculating the total 

watershed prevalence for 17 threat metrics (Fore Chap. 2).  A non-agricultural threat 

index was generated as an aggregate of the urban, point-source pollution, and 

infrastructural indices.  Individual threat metrics were standardized relative to the 

watershed with the highest threat metric prevalence and were transformed to a common 

scale because prevalence units differed among metrics (Fore Chap. 2).  Threat indices 

were calculated by summing their corresponding standardized threat metrics and were 

transformed to a common scale so that comparisons could be made across the indices 

(Fore Chap. 2). 

 

Geographic Framework 

The base stream layer was acquired from work done for the Missouri River Basin 

Aquatic Gap Project (Annis and others 2009b).  These stream networks represent a 

modified version of the 1:100,000 National Hydrography Dataset (NHD) (U.S. 

Geological Survey and U.S. Environmental Protection Agency 2008).  The primary 

modification of the NHD was the repair of gross underrepresentation of stream density in 

portions of the basin corresponding to select 1:100,000 scale topographic maps.  The 
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resulting stream networks were processed to remove loops and braids within the network 

that caused problems with geoprocessing tasks of quantifying the prevalence of 

environmental factors throughout the Missouri River basin.  We used 30-meter digital 

elevation models from the NHDPlus (U.S. Geological Survey and U.S. Environmental 

Protection Agency 2008) and ArcHydro Tools (ArcGIS 9.3, ESRI, Redlands, CA) to 

create corresponding local catchment polygons (i.e., the land immediately draining a 

stream segment) for each of the 464,118 individual stream segments in the resulting 

Missouri River basin stream network.  The resulting stream segments and catchment 

polygons were used as the spatial framework for quantifying and mapping the individual 

physiographic variables and NRCS CPs for this project.  Individual variable prevalence 

was quantified within each of the local catchment polygons.  Customized Arc Macro 

Language (ESRI, Redlands, CA) programs were then used to sum all of these values for 

each stream segment‟s entire watershed (i.e., the local catchment and all upstream 

catchments that a segment drains).  Summed values were then divided by the overall 

watershed area to quantify the prevalence per unit area or as proportion of watershed of 

each variable.  

 

Specific Modeling Methods 

Fish Guild Distribution Models 

The presence/absence of each guild was predicted when a fish sample dataset 

contained fish samples where lithophil or omnivore guilds were absent.  All models used 

guild presence/absence as the response variable with physiography and human threats 

used as predictor variables.  Classification trees were used because they are a robust non-
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parametric model that can elucidate high-order interactions and non-linear patterns in 

ecological data (De'ath and Fabricius 2000; Olden and Jackson 2002).  Classification 

trees are not constrained by normality assumptions and can handle multiple data types 

(interval, nominal, and ordinal) at once.  The models use a recursive partitioning 

algorithm to repeatedly split a response variable into mutually exclusive nodes as a 

function of the independent variables (De'ath and Fabricius 2000; Olden and Jackson 

2002).  The CRT algorithm was used to construct models because it is less susceptible to 

over-fitting.  The other algorithms (primarily CHAID and exhaustive CHAID) allow 

multiple splits for each predictor variable and tend to split predictors at values that are not 

biologically informative.  The CRT algorithm splits each predictor variable into two 

nodes.  The Gini impurity measure was used to determine node splits because it attempts 

to maximize homogeneity in child nodes with respect to the response variable (i.e., obtain 

child nodes with a single response value) (SPSS 2007).  Stopping criteria for the 

classification trees were: five levels, 25 observations per parent node (a node that can be 

further divided), and five observations per child node (a terminal node).  The resulting 

classification tree was „pruned‟ to avoid over-fitting the model (De'ath and Fabricius 

2000).  Pruning allows over-fit models to have nodes removed to produce a simpler tree 

that minimizes the difference in risk between the original and pruned tree (i.e., the 

standard error of the pruned tree is similar to the original tree).  Finally, split-sample 

cross-validation was used to assess model accuracy.  Approximately 75% of the data 

were used to parameterize the model, and the remaining data were used as the test 

dataset. 
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Conservation Practice Assessment Models 

A set of candidate models were used in a three-step process to select a model that 

accounts for the effects of physiography, human threats, and NRCS CPs on species 

abundance of the selected indicator guilds.  Models were developed independently for 

each ecoregion in Missouri River basin and were parameterized with a training dataset.  

All models were evaluated with Akaike‟s Information Criterion (AIC) following an 

information theoretic approach (Burnham and Anderson 2002).  All models were 

compared to competing models within each selection step and to a null model containing 

an intercept only.  First, a „natural model‟ was constructed to account for the effects of 

physiography on guild abundance and tested against the null model.  The best model had 

the lowest AIC score and the other model(s) were ranked by their difference in AIC 

scores (Δi = AICi − AICmin).  Models with i ≤ 3 were considered to have support and 

were further evaluated for plausibility by calculating Akaike weights 

                 (∑            

 

   

) 

where R equals the number of competing models.  A model with ωi ≥ 0.90 was 

considered the best model i of R models.  If the natural model was retained, the effects of 

human threats were accounted for by developing multiple „threat models‟.  The threat 

models contained the natural model, and each model was a unique combination of human 

threat indices.  The threat indices represented major stream disturbances: agriculture, 

urbanization, point-source pollution, infrastructure, and non-agricultural threats (Fore 

Chap. 2).  If no single threat model had ωi ≥ 0.90, there was evidence of competition 

among models, and the highest ranked threat models whose ωi values summed to ≥ 0.90 
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were used to examine CP effects.  Once the best threat model (or models) was identified, 

a „conservation model‟ was developed by adding all NRCS CPs.  If necessary, 

conservation models were developed with the group of top threat models and evaluated 

with the same criterion, ωi ≥ 0.90.  If no conservation model met this criterion, the 

models were averaged by weighting the parameter estimates to each model‟s ωi.  

Using the test dataset, final regression models were tested for fit by examining 

how accurately they could predict observed species abundance values for each guild.  

Model accuracy was reported as the mean residual from test dataset. 

 

Assessing Conservation Practice Effectiveness 

The effectiveness of CPs was assessed for individual stream segments by using 

two guild abundance predictions from the multiple-regression model and by establishing 

a reference condition guild abundance.  Using the final regression models for each guild 

and ecoregion, we predicted guild abundance under „base‟ and „conservation‟ conditions.  

Base condition abundance (BCA) was predicted assuming no CPs were implemented on 

the landscape, and conservation condition abundance (CCA) was predicted by accounting 

for applied NRCS CPs.  These two abundance predictions were then compared to a 

reference condition abundance (RCA) to determine conservation practice effectiveness.  

Reference condition abundance was calculated as mean guild abundance from fish 

samples in „less‟ disturbed stream segments.  Stream segments were considered „less‟ 

disturbed if their agriculture and non-agriculture threat index scores were below the 50
th

 

percentile for each index.  Stream segments with agriculture and non-agriculture threat 

index scores above the 50
th

 percentile in one or more indices were considered „more‟ 
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disturbed.  The 50
th

 percentile was used because there were not enough fish samples in 

streams where more stringent criteria (e.g., 25
th

 percentiles) could be used.   

  Stream segments were classified into four „conservation effectiveness groups‟ that 

reflect the segment‟s conservation need (i.e., in need of agricultural or non-agricultural 

conservation) and the likely success of NRCS CPs.  Conservation practice effectiveness 

was defined as a stream segment that was predicted to shift from „more‟ disturbed under 

base condition to „less‟ disturbed under conservation conditions.  The conservation 

effectiveness groups were:  

 Likely that agricultural conservation not needed –  under base conditions streams 

considered „less‟ disturbed 

 Likely that non-agricultural conservation needed – under base conditions streams 

considered „more‟ disturbed and non-agricultural threats most prevalent 

 Likely that agricultural CPs not effective – under base conditions streams 

considered „more‟ disturbed by agricultural threats and too few CPs implemented 

to shift streams to „less‟ disturbed under conservation conditions 

 Likely that agricultural CPs effective – under base conditions streams considered 

„more‟ disturbed by agricultural threats and under conservation condition streams 

considered „less‟ disturbed 

Criteria used to classify conservation practice effectiveness differed for each guild 

and ecoregion and are detailed in the Assessment of Conservation Practice Effectiveness 

section and Table 3.11.  Percent change in predicted guild abundance from base to 

conservation condition was calculated to determine the relative degree guild abundance 

changed as a function of CP application.  Positive percent change values in lithophil guild 
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abundance are indicative of CP effectiveness because lithophils were hypothesized to 

increase in abundance in response to CPs.  Negative percent change values in omnivore 

guild abundance are indicative of CP effectiveness because they were expected to decline 

in abundance in response to CP implementation.  Lastly, output for all CP assessments 

was mapped to visually examine patterns of CP effectiveness. 

 

Results 

There were over 1.2 million individual CPs application records treating 

23,920,968 ha (59,108,713 ac) of land during the 9-year period included in our database.  

The conservation practice assessment was successfully completed in Hot Continental and 

Prairie Divisions.  The assessment in Hot Continental Division was conducted with both 

lithophil and omnivore guilds.  The assessment in Prairie Division was successfully 

conducted with the lithophil guild, but an accurate model could not be developed for the 

omnivore guild.  Due to limitations of our fish sample data, we were unable to conduct a 

CP assessment in the Temperate Steppe Regime Mountains, Temperate Desert Division, 

and Temperate Steppe Division of Missouri River basin.  The fish sample data from the 

Temperate Steppe Regime Mountains and Temperate Desert Division ecoregions did not 

overlap with areas where NRCS CPs were implemented; CPs were either absent or in less 

than 5% of the entire watershed for nearly all fish samples from these ecoregions.  To 

appropriately assess the effects of NRCS CPs, fish samples need to uniformly overlap a 

continuous density gradient of CPs.  NRCS CPs were not assessed in the Temperate 

Steppe Division because a model that accurately predicted guild abundance could not be 

developed.   
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Fish Guild Distribution Modeling 

Lithophils and omnivores were present in all fish samples from Hot Continental 

Division (with the exception of two samples for lithophils); therefore, presence/absence 

could not be modeled.  Both guilds were assumed to be present at all streams segments in 

the ecoregion. 

The lithophil presence model in Prairie Division had a split-sample classification 

rate of 79% and more accurately predicted presence (classification rate = 87%) than 

absence (classification rate = 56%; Table 3.4).  The first level of the classification tree 

split with principal component three indicating that soil hydrology and surficial geology 

explained the most variation in lithophil presence.  Probability of presence was positively 

related to soils with moderately high runoff potential and Wisconsinan loess and 

probability of presence was negatively related to Pre-Wisconsinan drift and soils with 

high runoff potential (Fig. 3.2).  The effects of explanatory variables on probability of 

presence in lower levels of the model cannot be generalized for the entire ecoregion 

because the effects for each subsequent level of the model are dependent on the criteria of 

the preceding level.  Physiography had a large influence on probability of presence, as it 

was present in three levels of the model.  Watershed area was negatively related to 

probability of presence and was the second most important predictor.  Principal 

component one was negatively related to probability of presence and was in the second 

level of the model (Fig. 3.2).  Probability of presence in these streams was positively 

associated with soils that contain no rock fragment and was negatively associated with 

soils containing 40-60% rock fragment and soils in hydrologic group B (moderately low 

runoff potential; Fig 3.2).  Agriculture and human threats were negatively related to 
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probability of presence and were less influential than physiographic variables.  This 

model was used to predict lithophil presence throughout Prairie Division.  

 

Conservation Practice Assessment Modeling 

For the lithophil assessment in Hot Continental Division, we identified guild 

abundance values of 0 and >0.55 to be outliers and they were excluded from the training 

data.  There was some support for the natural model in Hot Continental Division and it 

was retained for further analysis to account for physiographic effects.  As suggested by 

ωi, there was competition among the top three threat models (Table 3.5) and as a result, 

three CP models were examined.  AIC scores in Hot Continental Division suggested 

threats were better represented by quadratic terms rather than simple linear.  Due to poor 

overlap of fish samples with SEC-m practices and because these data were not normally 

distributed, this practice group was not evaluated in the Hot Continental Division.  There 

was evidence of competition between two CP models as they collectively carried 94% of 

the model weight (Table 3.5).  A final model was produced by weighting (relative to their 

AIC model weights) and averaging the parameter estimates from the top two CP models 

(Table 3.6) (Burnham and Anderson 2002).  SD and SEC-ha practices were positively 

related to lithophil abundance (Fig. 3.3; Table 3.6).  Lithophil abundance was well 

predicted by the final model as 79% of the test data observations (n = 43) were predicted 

within ±0.10 of their actual value; the mean residual was -0.022 and the standard 

deviation was 0.136. 

The omnivore natural model in Hot Continental Division carried enough ωi to be 

retained in further analyses (Table 3.7).  There was more support for quadratic effects of 
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threats than the linear effects.  Due to competing threat models, three conservation 

models were examined.  The most parsimonious conservation model was excluded 

because it had a low ωi (0.06).  The top two conservation models had a combined ωi of 

94% and they were averaged to produce a final model (Table 3.7).  Agriculture threats 

and SD practices (Fig. 3.3) were positively associated with omnivore abundance (Table 

3.8).  SEC-ha practices were negatively associated with omnivore abundance (Fig. 3.3; 

Table 3.8).  The model predicted 77% of the observations in the test dataset to within 

0.10 of the actual value.  The mean residual of omnivore abundance model for the test 

dataset was -0.0112. 

The ωi was large enough in PD to retain the natural factor model of lithophil 

abundance (Table 3.9).  Quadratic effects for threats were better supported than linear 

effects.  The global threat model (all threat indices) had the highest ωi (0.64), but there 

was support for a second model that did not contain threats (ωi = 0.17; Table 3.9).  

Conservation practice effects were added to the top two threat models.  There was 

support for two CP models so their parameter estimates were weighted and averaged to 

produce a final model (Table 3.9).  SEC-ha practices were expected to have greater 

positive effects to lithophil abundance than SD practices (Fig. 3.3; Table 3.10).  SEC-m 

practices were negatively associated with lithophil abundance (Table 3.10). 

 

Assessment of Conservation Practice Effectiveness 

NRCS CPs were evaluated to determine if applied practices were effective.  (Note 

that the criteria we used to define CP effectiveness could [and should] be altered to 

reflect the needs of a different project or program and we present it here for its ease of 
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communication).  Conservation practices were considered effective if conservation 

condition abundance improved from base condition abundance to a less disturbed 

condition.  Using lithophils as an indicator in Hot Continental Division, less disturbed 

streams were delineated by agriculture threat index scores <30, non-agriculture threat 

index scores <26, and reference condition abundance was 0.38 (Table 3.11).  Seventy 

percent of streams in Hot Continental Division did not likely need agriculture 

conservation and 19.5% of streams likely needed non-agricultural conservation (Table 

3.12; Fig. 3.4).  Nearly all streams in need of non-agricultural conservation were located 

near the Osage River where there is extensive development for recreation and Gasconade 

River where non-agricultural threats are more prevalent than agriculture.  Agricultural 

conservation was likely needed in 11.6% of Hot Continental Division stream segments.  

Agriculture CPs were likely not effective in 11.05% of all Hot Continental Division 

stream segments (Table 3.12; Fig. 3.4).  Agriculture conservation was not likely to be 

effective in 95% of the stream segments in need of agriculture conservation (Table 3.12; 

Fig. 3.4).  Of these, about half had no CPs implemented in their watershed and CP 

density was very low in the remaining watersheds.  Agriculture CPs were expected to be 

effective in 0.55% of all Hot Continental Division stream segments, while 4.75% of 

stream segments were likely in need of agriculture conservation (Table 3.12; Fig. 3.4).  

Stream segments where CPs were likely effective averaged a 67% increase in lithophil 

abundance and had significantly higher densities of CPs than the other effectiveness 

groups (Table 3.12; Fig. 3.5).   

The reference condition abundance for omnivores in Hot Continental Division 

was 0.48 and the threat index criteria were the same as those used for lithophils (Table 
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3.11).  The results from the omnivore assessment indicate that applied CPs were likely 

effective in a similar number of stream segments as was for lithophils.  The omnivore 

assessment suggests that only 19% of stream segments were not likely in need of 

conservation and that 34% were likely to need non-agriculture conservation (Table 3.13; 

Fig. 3.6).  About 46% of stream segments in Hot Continental Division were likely to need 

agricultural conservation, but current agricultural conservation was likely ineffective in 

98% of stream segments in need (Table 3.13; Fig. 3.6).  Similar to lithophils, 0.9% of 

stream segments in Hot Continental Division and 2% of stream segments where 

agriculture conservation was needed were likely to have effective agriculture 

conservation at the present time (Table 3.13; Fig. 3.6).  Where agriculture CPs were 

likely to be effective, omnivore abundance declined an average of 24% (Fig. 3.7) and 

SEC-ha practices were, on average, in greater density than SD practices (Table 3.13). 

The Prairie Division assessment suggested 74% of streams were not likely in need 

of agriculture conservation and 7% were likely in need of non-agriculture conservation 

(Table 3.14; Fig. 3.4); reference condition abundance for lithophils in this ecoregion was 

0.24.  Agriculture conservation was likely needed in 19% of all Prairie Division streams 

and current agriculture conservation was likely effective in 9% of those stream segments 

that needed it (1.7% of all Prairie Division streams; Table 3.14; Fig. 3.4).  Lithophil 

abundance generally increased less than 25% in most Prairie Division streams, and very 

few were expected to have large increases (Fig. 3.5).  Mean CP density was different 

among all practice types between the ineffective and effective agriculture conservation 

groups (Table 3.14).  However, the density of SEC-m practices was most different among 

groups (Table 3.14). 
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Discussion 

Guild Response to Conservation Practices 

Trophic and reproductive fish guilds were useful ecological indicators.  Key 

attributes of ecological indicators needed for this project were that indicators were 

distributed over large geographies, sensitive over a wide range of stressors, and indicated 

the likely cause of ecological change (Carignan and Villard 2002; Noss 1990).  The 

lithophil and omnivore guilds were present over the entire assessment area with one 

minor exception.  Lithophils were predicted to be absent in only 15% of stream segments 

in the Prairie Division, but were distributed broadly enough to conduct the assessment 

across the ecoregion.  The multiple-regression models indicate that lithophils and 

omnivores were sensitive to multiple human induced ecological stresses.  Use of 

ecological guilds provided a means to assess the likely stressor responsible for ecological 

degradation as the two guilds had opposing relationships to human threats that typically 

result in stream sedimentation (e.g., agriculture and urbanization) and CPs designed to 

reduce stream sedimentation. 

Managing for fish assemblages diverse in trophic and reproductive traits requires 

implementing multiple types of CPs.  NRCS CPs generally showed effects consistent 

with our hypotheses in Hot Continental Division.  Lithophil guild abundance was 

positively related to SD and SEC-ha practices.  A one unit (proportion of watershed) 

increase in SD practice watershed density was predicted by the model to result in a 

greater increase in lithophil abundance than the same increase in SEC-ha practices; 

although, effects of both practice groups were similar at the highest practice densities 

(Fig. 3.3).  Our hypothesis that omnivore abundance in Hot Continental Division would 
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decline with implementation of CPs was variably supported.  Interestingly, the predicted 

response of lithophil and omnivore abundance to SEC-ha practices nearly mirrored one 

another.  This suggests that as SEC-ha practice density increases, omnivore abundance 

decreases by a similar proportion as lithophil abundance increases.  Inconsistent with our 

expectation, omnivores had a positive association with SD practices.  This seems to 

suggest that SEC-ha practices may be more effective than SD practices because both 

lithophil and omnivore guilds exhibited the hypothesized response.  However, this 

relationship indicates that the lithophilous spawning species positively correlated with SD 

practices were omnivorous.  Given that SD practices positively affected lithophils and 

omnivores, the reason the effects of SD practices appear stronger for lithophils is that 

their abundance is more affected by the addition of a few species than are omnivores.  

For example, adding three omnivorous lithophil species to an assemblage may increase 

lithophil abundance by 100%, but may only increase omnivore abundance by 33%, 

because omnivores are generally more species rich than lithophils.  Therefore, in effect, 

SD practices are positively related to omnivorous lithophils and SEC-ha practices are 

positively related to lithophils that are specialist feeders (e.g., invertivores).  

At low CP densities in Hot Continental Division, the models predicted guild 

abundance to slightly decline (Fig. 3.3).  This was illustrated by the negative mean values 

of percent change from base condition abundance to conservation condition abundance.  

Guild abundance was predicted by the model to decline because the SD and SEC-ha 

practices were estimated with quadratic functions.  It is unlikely that guild abundance 

actually declines when CPs were implemented at low density because the overall trend 

for guild abundance was to increase.  Instead, it is more appropriate to view the decline in 
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guild abundance as the range, or a threshold, for which guild abundance will not be 

affected by CP implementation.  Similarly, omnivores in Hot Continental Division were 

predicted by the model to slightly increase in abundance until SEC-ha practice density 

was 60% and then sharply decline.  The range where omnivore abundance increases 

should also be interpreted as the range in which CPs have no effect on abundance.  

Generally, CPs in Prairie Division were positively related to lithophil abundance.  

However, based on the model that predicts lithophil guild abundance, neither SD nor 

SEC-ha practices would be expected to appreciably increase lithophil abundance.  If each 

practice type were implemented in a density of 100% of a watershed, lithophil abundance 

would be predicted to increase by 0.10.  The small, model predicted increase in 

abundance could indicate that lithophil abundance is naturally low or that areas of high 

agriculture intensity undermine current conservation efforts.  For example, a treatment 

watershed in Illinois had 95% of its stream length buffered, but had higher suspended 

sediment loads than a paired reference watershed with less buffering likely because of 

untreated sediment sources (Lemke and others 2011).  The Prairie Division has the 

highest density of agricultural threats in Missouri River basin (Fore Chap. 2), and it may 

be unreasonable to expect large changes in guild abundance under such intense 

agriculture production.  Surprisingly, there was a negative association between SEC-m 

practices and lithophil abundance.  The majority of practices in the SEC-m group were 

terraces (practice code 600).  Terraces are commonly implemented on sloped croplands 

to reduce erosion and excessive water runoff (Chow and others 1999; Gassman and 

others 2006; Reeder and Westermann 2006); they are generally effective and it seems 

unlikely that lithophil abundance would decline with their implementation.  The likely 
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association of SEC-m practices with highly erodible lands is more likely responsible for 

their negative association with lithophil abundance, as highly erodible lands were not 

accounted for in the agriculture threat index.  The negative relationships indicates that 

SEC-m practices may be ineffective at reducing soil erosion or that streams with SEC-m 

practices were so degraded that additional CPs are required to remediate the 

sedimentation issues.  Alternatively, past land use practices that increased erosion on 

fields that are now terraced, may have influenced fish assemblage structure (Harding and 

others 1998).   

 

Limitations and Improving Future Conservation Practice Assessments   

Increasing the amount and types of available geospatial data would improve 

future CP assessments (Brenden and others 2006).  The spatial coverage of fish sample 

data should include samples in watersheds with low agriculture and non-agricultural 

threats (e.g., least disturbed reference streams) and in watersheds where CPs were 

present, especially watersheds where CPs were implemented in high density.  Addressing 

these issues would improve the accuracy of the models and ensure the entire spectrum of 

watershed characteristics are represented in the assessment. 

It was possible that NRCS CP density was inaccurately estimated in some streams 

draining small catchments.  This occurred because practice density was attributed to point 

locations, and when individual agriculture fields crossed local catchment polygon 

boundaries, we could not attribute the appropriate CP density to the neighboring 

catchment.  Ideally, CPs would be georeferenced as polygons or lines, depending on how 

the practice is quantified, so that more accurate watershed densities could be calculated. 
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Future assessments could be improved by further research that addresses the 

assumptions used to conduct this assessment.  The true density of all agriculture CPs was 

unknown because voluntarily implemented CPs were undocumented.  Some estimates 

indicate 31% of producers adopt conservation tillage practices (similar to our SD group) 

and that adoption of practices increases if government assistance is provided (Soule and 

others 2000).  Additionally, structural CPs (e.g., grassed waterways) are more likely to be 

adopted than practices that alter farm operations (e.g., no-till; Soule and others 2000).  

Documenting the prevalence of these practices will improve our understanding of 

ecological responses to CPs.  For example, by incorporating a field-based mapping 

technique in the United States Agriculture Census, researchers could have a more 

accurate assessment of field-level management practices.  Most CPs had multiple goals in 

their practice standards, and we assumed each practice met all goals outlined by the 

practice standard (e.g., a practice could be implemented to control nutrient runoff, 

sediment runoff, or both).  Each practice was considered fully functional upon 

implementation (i.e., there was no lag time) and over the evaluation period.  It seems 

plausible that many practices have the potential to be immediately effective, but 

ecological effects are seldom realized in short time frames (1 – 2 yrs) (Gregory and 

others 2007; Meals and others 2009).  For example, conservation tillage practices have 

been shown to reduce erosion up to 90% (Reeder and Westermann 2006), but in an 

Illinois watershed there were no detectable changes in instream suspended sediment and 

nutrient export after seven years of CP implementation (Lemke and others 2011).  Lag 

times associated with CP effectiveness could be from reworking stored channel sediment 
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(Nelson and Booth 2002) or from eroding banks (Burckhardt and Todd 1998; Zaimes and 

others 2004).   

 

Conservation Practices Effectiveness  

Conservation practices in Hot Continental Division, on average, improved fish 

assemblages more than CPs in Prairie Division.  This was evident because stream 

segments in Hot Continental Division had larger percent changes from base condition 

abundance to conservation condition abundance than stream segments in Prairie Division.  

On average, stream segments in Prairie Division where CPs were considered effective 

had base condition abundance values close to reference condition abundance and did not 

require large abundance increases to be classified as effective.  It is doubtful the criteria 

used to delineate „less‟ and „more‟ disturbed conditions were prohibitive to classifying 

stream segments as effective.  The criteria used to delineate reference condition 

abundance values (mean guild abundance of sites below the 50
th

 percentile for agriculture 

and non-agriculture threats) were less stringent than those generally used to define 

reference conditions (Palmer and others 2005) because we did not have enough fish 

samples from watersheds with low agricultural and non-agricultural threats.  By using 

more stringent criteria (e.g., threat index scores below the 25
th

 percentile), a greater 

number (or perhaps the majority) of watersheds would be classified as in need of 

agricultural conservation and managers would be faced with an increased number of 

watersheds on which to focus their efforts.  For example, our criteria classified 74% of 

the streams segments as „not in need of conservation,‟ even though streams in Prairie 

Division are some of the most agriculturally threatened in Missouri River basin (Fore 
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Chap. 2).  This highlights the need to develop fish sample databases that cover a wide 

spectrum of disturbance gradients.   

The most effective CPs should be those in the SD group because they prevent 

erosion from occurring by reducing soil disturbance and erosion.  However, we observed 

SD had lower marginal effects than SEC practices in the Prairie Division, whereas SD 

practices had higher marginal effects in the Hot Continental Division.  This result may 

reflect the relative condition of riparian habitats between the two ecoregions and indicate 

the importance of assessing CP effectiveness between ecoregions.  Lower marginal 

effects of SD practices in the Prairie Division may indicate that the primary source of 

agricultural degradation occurred in lowlands and that grassed waterways, field borders, 

and riparian restoration type practices were needed.  Conversely, the higher marginal 

effects of SD practices in the Hot Continental Division may indicate that riparian habitats 

were more intact than Prairie Division streams and that upland agricultural threats were 

the primary source of degradation.  Given the prevalence of forested landcover in the Hot 

Continental Division, this is not surprising.   

 Due to the potentially additive effects CPs have on guild abundance, successful 

fish conservation in agriculture landscapes can be accomplished by implementing 

multiple types of CPs that prevent or reduce soil erosion and stream sedimentation.  We 

commonly observed watersheds with multiple CP types implemented in individual 

agricultural fields and their combined effects were the primary reason we observed 

watersheds where agricultural conservation was effective.  For example, a stream could 

benefit from riparian restoration and grassed waterways in no-till or reduced-till fields 

because the riparian zone and waterway practices can reduce sedimentation when erosion 
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occurs and they provide other ecological benefits (e.g., shading the stream to reduce 

temperature, protecting stream banks, and providing woody debris) (Gregory 1991).   

The positive associations we observed among CP groups and lithophil guild 

abundance suggests that CPs can reduce sedimentation and result in ecologically 

meaningful water quality improvements.  Though we could not directly measure 

sediment loading, the associations between SD CPs and fish guild abundance we 

observed likely corroborate the reported effectiveness of land retirement practices (Gilley 

and others 1997), conservation tillage practices (Matisoff and others 2002), and grazing 

management practices (Belsky and others 1999; Meehan and Platts 1978; Platts 1989; 

Trimble and Mendel 1995) at reducing erosion.  Additionally, the associations observed 

between SEC-ha practices and fish guild abundance suggests CPs such as field borders, 

filter strips (Dosskey and others 2005; Dosskey and others 2002), cover crops (Hartwig 

and Ammon 2002), and riparian zone restorations (Broadmeadow and Nisbet 2004; 

Gregory 1991; Tingle and others 1998) prevent stream sedimentation and potentially 

provide ecological benefits. 

NRCS CPs have the potential to improve fish assemblage condition based on their 

estimated effects, but our assessment indicates that current agriculture conservation 

efforts have often been ineffective.  Most watersheds have critical areas that contribute a 

disproportionate amount of ecological stress, and not addressing these areas can nullify 

the effects of CPs implemented in other parts of the watershed (Matisoff and others 2002; 

Tripathi and others 2003).  This may be why we observed that a large investment of CPs 

was necessary to affect guild abundance.  Gassman et al. (2010) estimated that CP 

implementation reduced sediment delivery to an agricultural watershed by 50%, but 
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observed essentially no change in fish assemblage composition.  Our study suggests that 

agriculture conservation would be more effective if CPs were implemented in more than 

50% of a watershed‟s area.  Conservation practices needed to be implemented in 30 to 

50% of Wisconsin streams‟ watersheds to detect a measurable fish community response 

(Wang and others 2002).  Zimmerman et al. (2003) predicted a 98% reduction in the 

number of days suspended sediment crossed the lethal threshold for fish and no reduction 

in sublethal days as a result of decreasing sediment loading by 84% with the 

implementation of permanent vegetative cover, conservation tillage, and riparian CPs in 

Minnesota streams.  In another watershed under the same CP scenario, they predicted a 

49% decrease in sediment loading, but it was not expected to reduce the number of lethal 

or sublethal sediment days.   

Today‟s managers of agricultural landscapes face major challenges in improving 

water quality and ecological condition of lotic systems.  Crop commodity prices are at an 

all-time high and are expected to remain there in the near-term (1-2 years), briefly 

decline, and remain at historically high levels (USDA 2012b).  Producers are expected to 

take advantage of high commodity prices during 2012 and increase crop acreage by 4% 

(95.9 million acres) above 2011 levels and 9% above 2010 levels (USDA 2012a).  As a 

result, many conservationists and agricultural managers expect a decrease in enrollment 

of agricultural CPs (notably the Conservation Reserve Program) (Lucht 2011; Peeples 

2012).  Additionally, it is possible that 2012 Farm Bill funding for agricultural 

conservation will absorb significant funding cuts in the future.  If producers remove land 

from retirement programs such as Conservation Reserve Program and CP funding is 

reduced, how or to what degree will water quality be impacted?  Results from this study 
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suggest significant amounts of additional agricultural lands need to be enrolled in CPs to 

improve water quality enough to impact fish communities and that current efforts have 

not likely resulted in improved ecological condition of most streams.  This means that to 

maintain or improve current water quality conditions, managers of agricultural systems 

will likely have to do more (conservation and water quality improvement) with less 

(funding). 

Managers who wish to increase ecological benefits in agriculture landscapes 

should prioritize and select watersheds to implement NRCS CPs (Walter and others 

2007).  Prioritization can be informed by using the models developed in this project to 

predict the effects of implementing CPs of various types to watersheds throughout a 

region of concern.  Our models are useful for agricultural management programs because 

managers can identify the expected ecological condition (thus water quality) of streams 

and focus their efforts were conservation is most needed.  For example, we identified 

over 17,000 stream segments (using the lithophil guild) where agricultural conservation is 

needed.  Managers could strategically allocate conservation resources to those 

watersheds.  The models can then be used to identify the ecological potential of each 

stream by estimating how implementation of CPs would affect guild abundance, which 

would allow them to determine if their CPs would have positive ecological effects.  

Perhaps most importantly, managers can use these models to determine the amount of 

CPs needed to increase guild abundance to meet a conservation goal (e.g., reference 

condition abundance).  This is important because managers can justify and set targets for 

the minimum amount of land that needs to be enrolled in CPs within their target 

watersheds.  Incorporating these elements into conservation decision-making processes 
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will improve the efficacy of CPs and is more likely to result in improved water quality 

and ecosystem function.   

Ecosystem services (e.g., clean water, scenic views, and wildlife habitat) derived 

from agricultural lands are important to the American public (Hellerstein and others 

2003), and future farm policies that address these values may increase the success and 

support for conservation.  Multi-functional agriculture may be a way to sustain or 

increase farm profitability and meet environmental objectives (Boody and others 2005) as 

it involves diversifying commodity crops, reestablishment of wetlands and perennial 

vegetation, utilizing conservation tillage, and reducing fertilizer inputs.  Because a large 

component of multi-functional agriculture is to derive non-market goods, implementing it 

across landscapes will require leadership from both national and local levels so that 

farmers and the public can develop and maintain a shared vision for agricultural 

landscapes (Bills and Gross 2005).  Our models can aid in the implementation of 

agricultural conservation programs because they can provide information to both regional 

and local-scale managers.  The broad groupings we used for NRCS CPs gives local-scale 

managers the flexibility needed to tailor agricultural conservation programs to the needs 

of rural communities and stakeholders within target watersheds.  Assessing ecological 

need over larger regions allows national or regional level managers to more strategically 

allocate funding within regions where conservation is most needed (see Fore Chap. 4).  

Many of the soil CPs we evaluated can be used as a means to derive non-market goods by 

decreasing sedimentation to improve water quality and fish communities while allowing 

producers to maintain profitability on their lands (Jordan and others 2007).   
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Table 3.1.  Variable loadings from categorical principal component analysis of all 

streams <500 link magnitude in Hot Continental Division of the Missouri River basin.  

The measurement scale for all variables was percent of a variable in a stream segment‟s 

watershed.  Variables were discretized into 10 ordinal categories.  Loadings in bold were 

considered representative of the corresponding principal component. 

 
Principal Component 

1 2 3 4 

Eigenvalue 2.68 2.01 1.70 1.13 

% variance explained 26.77 20.13 16.99 11.29 

Cumulative % variance 26.77 46.90 63.90 75.18 

     

Floodplain and alluvium gravel terraces -0.216 -0.528 0.354 0.542 

Deeply weathered loess 0.722 -0.205 -0.281 -0.278 

Red clay, massive clay that is generally kaolinitic -0.482 0.693 0.047 -0.180 

Soil rock fragment class 1 - 0% in watershed  0.807 -0.221 -0.232 -0.014 

Soil rock fragment class 2 - 0.1-10% in watershed -0.019 0.180 0.881 -0.185 

Soil rock fragment class 3 - 10.1-20% in watershed  -.558 0.184 -0.692 0.073 

Fine soil texture in watershed -0.044 -0.303 0.009 0.598 

Depth to bedrock class 5 (92-122cm) 0.183 -0.541 0.342 -0.424 

Soil hydrologic group B (moderately low runoff 

potential) 

-0.616 -0.625 -0.241 -0.263 

Soil hydrologic group C (moderately high runoff 

potential) 

0.679 0.567 0.092 0.279 
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Table 3.2.  Variable loadings from categorical principal component analysis of all 

streams in Prairie Division of the Missouri River basin.  The measurement scale for all 

variables was percent of a variable in a stream segment‟s watershed.  Variables were 

discretized into 10 ordinal categories.  Loadings in bold were considered representative 

of the corresponding principal component. 

 
Principal Component 

1 2 3 4 

Eigenvalue 2.88 2.02 1.52 1.15 

% variance explained 28.84 20.24 15.16 11.48 

Cumulative % variance 28.84 49.08 64.24 75.71 

     

 Pre-Wisconsinan drift -0.179 -0.234 -0.563 0.623 

 Wisconsinan loess 0.179 0.441 0.644 -0.232 

Soil hydrologic group B (moderately low runoff 

potential) 

0.825 0.142 -0.058 -0.041 

Soil hydrologic group C (moderately high runoff 

potential) 

-0.565 -0.089 0.540 0.411 

Soil hydrologic group D (high runoff potential) -0.454 -0.116 -0.546 -0.438 

Medium fine soil texture in watershed -0.154 0.934 -0.210 0.160 

Medium soil texture in watershed 0.143 -0.926 0.255 -0.106 

Depth to bedrock class 5 (92-122cm) 0.172 -0.002 0.226 0.537 

Soil rock fragment class 1 - 0% in watershed -0.873 0.041 0.124 -0.085 

Soil rock fragment class 5 - 40.1-60% in watershed 0.882 -0.032 -0.125 0.106 

 



 

 

 

1
2
2 

Table 3.3.  NRCS conservation practices applied between 1999 and 2009 in the Missouri River basin that were included for 

assessment of conservation practice effectiveness.  Practices group codes are soil disturbance (SD) and sediment entering 

stream channel (SEC).  SD practices are designed to reduce or prevent soil erosion and SEC practices prevent eroded sediment 

from entering stream channels.  There are two groups of SEC practices, and they differ by their measurement unit, SEC-ha are 

applied by area and SEC-m are applied linearly.  The NRCS practice names, codes, and definitions are from the national 

NRCS practice standards. 

Practice Name 

NRCS 

Practice 

Code # Applied 

Amount 

Applied 

(ha) 

Applied 

Amount 

(ac) NRCS Practice Definition Notes 

SD Practices       

Conservation 

Cover 

327 61,466 877,099 2,167,336 Establishing and maintaining 

permanent vegetative cover to 

protect soil and water resources. 

 

Residue and 

Tillage 

Management, 

No-Till/Strip 

Till/Direct Seed 

329 24,385 575,830 1,422,892 Managing the amount, 

orientation and distribution of 

crop and other plant residue on 

the soil surface year round 

while limiting soil-disturbing 

activities to only those 

necessary to place nutrients; 

condition residue and plant 

crops. 

 

Residue 

Management, 

No-Till/Strip Till 

329A 34,652 749,623 1,852,319 Same as 329  

Residue 

Management, 

Mulch Till 

329B 29,577 662,868 1,637,948 Same as 329  

Residue 

Management, 

329C 774 24,278 59,991 Same as 329  



 

 

 

1
2
3 

Ridge Till 

Critical Area 

Planting 

342 8,441 14,169 35,013 Establishing permanent 

vegetation on sites that have or 

are expected to have high 

erosion rates; and on sites that 

have physical; chemical or 

biological conditions that 

prevent the establishment of 

vegetation with normal 

practices. 

 

Residue and 

Tillage 

Management, 

Mulch Till 

345 11,965 258,678 639,196 Managing the amount, 

orientation, and distribution of 

crop and other plant residues on 

the soil surface year-round, 

while growing crops on pre-

formed ridges alternated with 

furrows protected by crop 

residue. 

Reduction as opposed to 

moldboard plow.  Soil 

disturbance still occurs, 

presumably at a lower 

rate.  . 

Use Exclusion 472 106,297 963,311 2,380,343 The temporary or permanent 

exclusion of animals; people or 

vehicles from an area. 

 

Prescribed 

Grazing 

528 35,596 3,302,217 8,159,777 Managing the controlled harvest 

of vegetation with grazing 

animals. 

Assuming stocking rate 

reductions and that 

grazing was present before 

implementation. 



 

 

 

1
2
4 

Prescribed 

Grazing 

528A 23,485 2,069,044 5,112,607 Mange the harvest of vegetation 

with grazing and/or browsing 

animals 

Assuming stocking rate 

reductions and that 

grazing was present before 

implementation. 

Restoration and 

Management of 

Rare and 

Declining 

Habitats 

643 8,815 111,991 276,730 Restoring and managing rare 

and declining habitats and their 

associated wildlife species to 

conserve biodiversity. 

May involve wetlands.  

Somewhat insufficient 

information to determine 

to which lands this 

applies.  National standard 

appears to be terrestrial 

oriented.  Haying may 

occur but no tillage 

operations. 

Upland Wildlife 

Habitat 

Management 

645 107,341 2,195,349 5,424,707 Provide and manage upland 

habitats and connectivity within 

the landscape for wildlife. 

Can apply to forests, 

cropland, and 

pasture/rangeland. 

      

SEC-ha Practices      

Conservation 

Crop Rotation 

328 118,947 2,695,720 6,661,124 Growing crops in a recurring 

sequence on the same field. 

 

Contour Farming 330 34,578 631,633 1,560,766 Tillage, planting, and other 

farming operations performed 

on or near the contour of the 

field slope. 

 



 

 

 

1
2
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Contour Buffer 

Strips 

332 2,030 18,207 44,989 Narrow strips of permanent, 

herbaceous vegetative cover 

established across the slope and 

alternated down the slope with 

parallel; wider cropped strips. 

 

Cover Crop 340 12,031 196,425 485,366 Grasses; legumes; forbs; or 

other herbaceous plants 

established for seasonal cover 

and other conservation 

purposes. 

 

Residue 

Management, 

Seasonal 

344 19,837 447,943 1,106,867 Managing the amount, 

orientation, and distribution of 

crop and other plant residues on 

the soil surface during a 

specified period of the year, 

while planting annual crops on 

a clean-tilled seedbed, or when 

growing biennial or perennial 

seed crops. 

 

Residue and 

Tillage 

Management, 

Ridge Till 

346 99 2,403 5,939 Managing the amount, 

orientation, and distribution of 

crop and other plant residues on 

the soil surface year-round, 

while growing crops on pre-

formed ridges alternated with 

furrows protected by crop 

residue. 

Clean tillage is utilized; 

therefore, soil disturbance 

is not reduced.   



 

 

 

1
2
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Riparian 

Herbaceous 

Cover 

390 635 3,847 9,505 Grasses; grass-like plants and 

forbs that are tolerant of 

intermittent flooding or 

saturated soils and that are 

established or managed in the 

transitional zone between 

terrestrial and aquatic habitats. 

 

Riparian Forest 

Buffer 

391 4,007 9,171 22,662 An area of predominantly trees 

and/or shrubs located adjacent 

to and up-gradient from 

watercourses or water bodies. 

 

Filter Strip 393 20,121 29,918 73,928 A strip or area of herbaceous 

vegetation situated between 

cropland, grazing land, or 

disturbed land (including 

forestland) and environmentally 

sensitive areas. 

 

Grassed 

Waterway 

412 15,488 65,586 162,064 A natural or constructed 

channel that is shaped or graded 

to required dimensions and 

established with suitable 

vegetation. 

 

Mulching 484 5,431 50,123 123,854 Applying plant residues; by-

products or other suitable 

materials produced off site, to 

the land surface. 

 



 

 

 

1
2
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Wetland 

Restoration 

657 4,821 34,656 85,636 The rehabilitation of a degraded 

wetland or the reestablishment 

of a wetland so that soils; 

hydrology, vegetative 

community, and habitat are a 

close approximation of the 

original natural condition that 

existed prior to modification to 

the extent practicable. 

 

Wetland 

Creation 

658 175 548 1,354 The creation of a wetland on a 

site that was historically non-

wetland. 

 

Wetland 

Enhancement 

659 569 4,195 10,366 The rehabilitation or re-

establishment of a degraded 

wetland, and/or the 

modification of an existing 

wetland. 

 

       

SEC-m Practices      

Field Border 386 9,724 62,478,491 

(m) 

19,043,444 

(ft) 

A strip of permanent vegetation 

established at the edge or 

around the perimeter of a field. 

 

Terrace 600 26,054 332,844,43

2 (m) 

101,450,98

3 

(ft) 

An earth embankment or a 

combination ridge and channel 

constructed across the field 

slope. 
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Table 3.4.  Classification table for lithophil guild presence/absence model in the Prairie 

Division of the Missouri River basin.  Model was developed using classification trees.  

Split-sample validation was used to assess model accuracy.  Approximately 75% of the 

data were used in the training dataset to parameterize the model, and the remaining data 

were used as the test dataset.  

Dataset Observed 

Predicted 

Absent Present 

Percent 

Correct 

Training 

Absent 94 70 57.3% 

Present 25 387 93.9% 

Overall Percentage 20.7% 79.3% 83.5% 

     

Test 

Absent 24 19 55.8% 

Present 18 115 86.5% 

Overall Percentage 23.9% 76.1% 79.0% 
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Table 3.5 Candidate multiple-regression models used to predict lithophil guild abundance 

in Hot Continental Division of the Missouri River basin.  Akaike‟s Information Criterion 

(AIC) values, change in AIC values (AIC), and model weights (ωi) were used to select 

candidate models for further evaluation.  These models excluded outliers (guild 

abundance = 0 or > 0.55).  Practices group codes are soil disturbance (SD) and sediment 

entering stream channel (SEC).  SD practices are designed to reduce or prevent soil 

erosion and SEC practices prevent eroded sediment from entering stream channels.  

Squared variables represent quadratic effects. 

Natural Model AIC AIC ωi 

Null (intercept only) -268.627 0.21 0.473 

Principal Components 1-4 -268.842 0.00 0.527 

 

   

Threat Models AIC AIC ωi 

Null (intercept only) -268.627 9.57 0.004 

Natural Model; WArea*; Ag Index
2
; Urban Index

2
; Ag 

Index × Urban Index 
-269.266 8.93 0.006 

Natural Model; WArea; Ag Index -270.906 7.29 0.013 

Natural Model; WArea; Ag Index
2
; NonAg Index

2
;  Ag 

Index × NonAg Index 
-274.151 4.05 0.068 

Natural Model; WArea; Ag Index
2
; Urban Index

2
; 

PntSrc Index; Index; Ag Index×Urban Index 
-274.704 3.50 0.090 

Natural Model; WArea; Ag Index
2
; Urban Index

2
; 

Infrastructure Index
2
; PntSrc Index

2
; Ag Index × Urban 

Index 

-277.115 1.08 0.301 

Natural Model; WArea; Ag Index
2
; Urban Index

2
; 

Infrastructure Index
2
; Ag Index×Urban Index 

-278.199 0.00 0.517 

 

   

Conservation Practice Model AIC AIC ωi 

Natural Model; WArea; Ag Index
2
; Urban Index

2
; 

Infrastructure Index; PntSrc Index; Ag Index × Urban 

Index; SEC-ha
2
; SD

2
 

-287.965 4.66 0.0566 

Natural Model; WArea; Ag Index
2
; Urban Index

2
; 

Infrastructure Index
2
; PntSrc Index

2
; Ag Index × Urban 

Index; SEC-ha
2
; SD

2
 

-291.678 0.94 0.3624 

Natural Model; WArea; Ag Index
2
; Urban Index

2
; 

Index
2
; Ag Index×Urban Index; SEC-ha

2a
; SD

2b
 

-292.622 0.00 0.5810 
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*Total watershed area 
a
Conservation practices implemented as unit area that were designed to reduce sediment 

from entering stream channels 
b
Conservation practices that were designed to reduce soil disturbance
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Table 3.6.  Final model and model-averaged parameter estimates used to predict guild 

abundance of lithophilous spawners in the Hot Continental Division of the Missouri 

River basin.  Prefix Log10 indicates variable was transformed using log10, ARC indicates 

Arcsine transformation, and SQRT indicates square root transformation. 

Parameter Beta 

Intercept 0.3957 

 Principal component one  0.0146 

 Principal component two 0.0247 

 Principal component three -0.0266 

 Principal component four -0.0492 

Log10 Watershed Area km
2
 0.0099 

ARC Agr Index 0.4048 

ARC Agr Index
2 

-0.3673 

ARC Urban Index -0.2771 

ARC Urban Index
2
 0.1424 

ARC Agr Index × ARC Urban Index 0.1123 

ARC Infrastructure Index -0.0198 

ARC Infrastructure Index
2
 -0.0917 

Point-source Index -0.0003 

Point-source Index
2
 0.0000 

ARC SEC-ha
a 

-0.0709 

ARC SEC-ha
2
 0.6110 

SQRT SD
b 

-0.1011 

SQRT SD
2
 0.0216 

a
Conservation practices implemented as unit area that were designed to reduce sediment 

from entering stream channels 
b
Conservation practices that were designed to reduce soil disturbance
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Table 3.7.  Candidate multiple-regression models used to predict omnivore guild 

abundance in Hot Continental Division of the Missouri River basin.  Akaike‟s 

Information Criterion (AIC) values, change in AIC values (AIC), and model weights 

(ωi) were used to select candidate models for further evaluation.  Practices group codes 

are soil disturbance (SD) and sediment entering stream channel (SEC).  SD practices are 

designed to reduce or prevent soil erosion and SEC practices prevent eroded sediment 

from entering stream channels.  Squared variables represent quadratic effects. 

Natural Model AIC AIC ωi 

Null (intercept only) -187.607 15.75 0.000 

Principal Components 1-4 -203.354 0.00 1.000 

    
Threat Models AIC AIC ωi 

Null -187.607 40.35 0.000 

Natural Model; WArea*; Ag Index -207.748 20.21 0.000 

Natural Model; WArea; Ag Index
2
; Nonag Index

2
;  

Ag Index × Nonag Index 
-222.052 5.90 0.028 

Natural Model; WArea; Ag Index
2
; Urban Index

2
; 

Ag Index × Urban Index 
-225.499 2.46 0.158 

Natural Model; WArea; Ag Index
2
; Urban Index

2
; 

Infrastructure Index
2
; PntSrc Index

2
; Ag Index × 

Urban Index 

-226.600 1.36 0.274 

Natural Model, Area, Ag Index^2, Urban Index^2, 

Index^2, Ag Index*Urban Index 
-227.955 0.00 0.540 

    
Conservation Models AIC AIC ωi 

Null -187.607 37.22 0.000 

Natural Model; WArea; Ag Index
2
; Urban Index

2
; 

Ag Index×Urban Index; SEC-ha
2
; SD

2
 

-219.857 4.97 0.056 

Natural Model; WArea; Ag Index
2
; Urban Index

2
; 

Index
2
; Ag Index×Urban Index; SEC-ha

2
; SD

2
 

-223.078 1.75 0.278 

Natural Model; WArea; Ag Index
2
; Urban Index

2
; 

Infrastructure Index
2
; PntSrc Index

2
; Ag Index × 

Urban Index; SEC-ha
2a

; SD
2b

 

-224.828 0.00 0.667 

*Total watershed area 
a
Conservation practices implemented as unit area that were designed to reduce sediment 

from entering stream channels 
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b
Conservation practices that were designed to reduce soil disturbance
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Table 3.8.  Final model and model-averaged parameter estimates used to predict guild 

abundance of omnivores in the Hot Continental Division of the Missouri River basin.  

Prefix Log10 indicates variable was transformed using log10, ARC indicates Arcsine 

transformation, and SQRT indicates square root transformation. 

Parameter Beta 

Intercept 0.5587 

 Principal component one  0.0013 

 Principal component two -0.0143 

 Principal component three -0.0089 

 Principal component four -0.0110 

Log10 Watershed Area km
2
 -0.0253 

ARC Agr Index 0.6631 

ARC Agr Index
2 

-0.4114 

ARC Urban Index -0.4716 

ARC Urban Index
2
 0.3526 

ARC Agr Index × ARC Urban Index 0.0369 

ARC Infrastructure Index -0.2220 

ARC  Infrastructure Index
2
 0.3345 

Point-source Index -0.0043 

Point-source Index
2
 0.0000 

ARC SEC-ha
a 

0.6396 

ARC SEC-ha
2
 -0.9984 

SQRT SD
b 

-0.0127 

SQRT SD
2
 0.0029 

a
Conservation practices implemented as unit area that were designed to reduce sediment 

from entering stream channels 
b
Conservation practices that were designed to reduce soil disturbance
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Table 3.9.  Candidate multiple-regression models used to predict lithophilous spawner 

guild abundance in Prairie Division of the Missouri River basin.  Akaike‟s Information 

Criterion (AIC) values, change in AIC values (AIC), and model weights (ωi) were used 

to select candidate models for further evaluation.  Practices group codes are soil 

disturbance (SD) and sediment entering stream channel (SEC).  SD practices are 

designed to reduce or prevent soil erosion and SEC practices prevent eroded sediment 

from entering stream channels.  There are two groups of SEC practices, and they differ 

by their measurement unit, SEC-ha are applied by area and SEC-m are applied linearly.  

Squared variables represent quadratic effects. 

Natural Model AIC AIC ωi 

Null -363.447 2.81 0.197 

Principal Components 1-4 -366.254 0.00 0.803 

 
   

Threat Models  AIC AIC ωi 

Null -363.447 86.48 0.000 

Natural Model; WArea*; Ag Index -433.431 16.49 0.000 

Natural Model; WArea; Ag Index
2
; Urban 

Index
2
; PntSrc Index;  Index; Ag Index×Urban 

Index 

-441.596 8.33 0.010 

Natural Model; WArea; Ag Index
2
; Urban 

Index
2
; Ag Index × Urban Index 

-443.870 6.06 0.031 

Natural Model; WArea; Ag Index
2
; Nonag 

Index
2
;  Ag Index × Nonag Index 

-444.301 5.62 0.038 

Natural Model; WArea; Ag Index
2
 -444.432 5.49 0.041 

Natural Model; WArea; Ag Index
2
; Urban 

Index
2
; Infrastructure Index

2
; Ag Index×Urban 

Index 

-445.519 4.41 0.071 

Natural Model; WArea; Ag Index
2
; Urban 

Index
2
; PntSrc Index

2
; Ag Index × Urban Index 

-447.277 2.65 0.170 

Natural Model; WArea; Ag Index
2
; Urban 

Index
2
; Infrastructure Index

2
; PntSrc Index

2
; Ag 

Index × Urban Index 

-449.925 0.00 0.639 

 
   

Conservation Models  AIC AIC ωi 

Null -363.447 93.33 0.0000 

Natural Model; WArea; Ag Index
2
; Urban 

Index
2
; PntSrc Index

2
; Ag Index×Urban Index; 

-455.257 1.51 0.3192 
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SEC-ha; SD; SEC-m 

 Natural Model; WArea; Ag Index
2
; Urban 

Index
2
; Infrastructure Index

2
; PntSrc Index

2
; Ag 

Index × Urban Index; SEC-ha
a
; SEC-m

b
; SD

c 

-456.772 0.00 0.6808 

*Total watershed area 
a
Conservation practices implemented as unit area that were designed to reduce sediment 

from entering stream channels 
b
Conservation practices implemented as unit length that were designed to reduce 

sediment from entering stream channels
 

c
Conservation practices that were designed to reduce soil disturbance
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Table 3.10.  Final model and model-averaged parameter estimates used to predict guild 

abundance of lithophilous spawners in the Hot Continental Division of the Missouri 

River basin.  Prefix Log10 indicates variable was transformed using log10, and ARC 

indicates Arcsine transformation, and SQRT indicates square root transformation. 

Parameter Beta 

Intercept -1.7404 

 Principal component one  -0.0192 

 Principal component two 0.0128 

 Principal component three -0.0109 

 Principal component four 0.0088 

Log10 Watershed Area km
2
 -0.1071 

Agr Index -0.0069 

Agr Index
2 

0.0001 

Log10 Urban Index 0.4291 

Log10 Urban Index
2
 -0.1247 

Agr Index × Log10 Urban Index -0.0003 

ARC Infrastructure Index 0.1696 

ARC Infrastructure Index
2
 -0.2009 

Log10 Point-source Index 3.2144 

Log10 Point-source Index
2
 -1.1534 

ARC SEC-ha
a 

0.0504 

SQRT SEC-m
b 

-0.0032 

ARC SD
c 

0.0146 

a
Conservation practices implemented as unit area that were designed to reduce sediment 

from entering stream channels 
b
Conservation practices implemented as unit length that were designed to reduce 

sediment from entering stream channels
 

c
Conservation practices that were designed to reduce soil disturbance

 

 

  



 

 

 

1
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Table 3.11.  Criteria used to classify stream segments in Missouri River basin into conservation practice effectiveness groups.  BCA = 

base condition abundance and assumes no conservation practices were implemented.  RCA = reference condition abundance and was 

used to classify streams as „more‟ or „less‟ disturbed.  Reference condition abundance was calculated as mean guild abundance from 

fish samples in „less‟ disturbed stream segments.  CCA = conservation condition abundance and accounts for the effects of currently 

implemented conservation practices. 

Conservation 

Practice 

Effectiveness 

Group 

 Criteria Values Used by Division 

Criteria 

Hot Continental Prairie 

Lithophils Omnivores Lithophils 

Agriculture 

conservation not 

needed 

BCA>RCA BCA>0.38 BCA<0.48 BCA>0 .24 

Non-agriculture 

conservation 

needed 

BCA<RCA>CCA 

& agr index score 

<50
th

 percentile 

BCA<0.38>CCA & agr 

index score <30 

BCA>0.48<CCA & agr index 

score <30 

BCA<0.24>CCA & agr 

index score <45 

Agriculture 

conservation 

practices not 

effective 

BCA<RCA>CCA 

& agr index score 

>50
th

 percentile 

BCA<0.38>CCA & agr 

index score >30 

BCA>0.48<CCA & agr index 

score >30 

BCA<0.24>CCA & agr 

index score >45 

Agriculture 

conservation 

practices effective 

BCA<RCA<CCA BCA<0.38<CCA BCA>0.48>CCA BCA<0.24<CCA 
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Table 3.12.  Mean values for each conservation practice effectiveness group of predicted 

lithophil guild abundance scenarios and NRCS conservation practices in Hot Continental 

Division of the Missouri River basin.  Mean values within rows that have different 

subscripts are significantly different at α = 0.05 using T-tests and Bonferroni corrections.  

Standard error is in parentheses. 

 Likely that 

 agr cons not 

needed 

(n=4,151) 

non-agr cons 

needed 

(n=3996) 

agr cons not 

effective 

(n=2269) 

agr cons 

effective 

(n=113) 

Percent of total streams 68.93 19.47 11.05 0.55 

Base condition lithophil 

abundance 

0.4311a 

(0.0003) 

0.3048b 

(0.0009) 

0.2977c 

(0.0021) 

0.3420d 

(0.0031) 

Conservation condition 

lithophil abundance 

0.3995a 

(0.0007) 

0.2967b 

(0.0010) 

0.2613c 

(0.0020) 

0.5618d 

(0.0171) 

Percent difference from 

base to conservation 

abundance 

-7.4409a 

(0.1514) 

-2.5805b 

(0.1345) 

-12.6472c 

(0.3987 

66.9601d 

(5.5495) 

Watershed percent SEC-

ha
a
 practices 

0.8752a 

(0.0489) 

0.0130b 

(0.0032) 

1.8571c 

(0.0934) 

13.8535d 

(1.7869) 

Watershed percent SD
b
 

practices 

2.9412a 

(0.0664) 

0.3826b 

(0.0298) 

2.5944a 

(0.0935) 

31.3680c 

(2.3294) 
a
Conservation practices implemented as unit area that were designed to reduce sediment 

from entering stream channels 
b
Conservation practices that were designed to reduce soil disturbance
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Table 3.13.  Mean values for each conservation practice effectiveness group of predicted 

omnivore guild abundance scenarios and NRCS conservation practices in Hot 

Continental Division of the Missouri River basin.  Mean values within rows that have 

different subscripts are significantly different at α = 0.05 using T-tests and Bonferroni 

corrections.  Standard error is in parentheses. 

 Likely that 

 

agr cons not 

needed 

(n=3790) 

non-agr 

cons 

needed 

(n=6949) 

agr cons 

not 

effective 

(n=9502) 

agr cons 

effective 

(n=288) 

Percent of total streams 18.46 33.85 46.29 1.40 

Base condition omnivore 

abundance 

0.4360a 

(0.0006) 

0.5554b 

(0.0007) 

0.5832c 

(0.0006) 

0.5091d 

(0.0031) 

Conservation condition 

omnivore abundance 

0.4367a 

(0.0006) 

0.5559b 

(0.0008) 

0.5956c 

(0.0007) 

0.4167d 

(0.0087) 

Percent difference from 

base to conservation 

0.1556a 

(0.0458) 

0.0904a 

(0.0264) 

2.6649b 

(0.0562) 

-25.7038c 

(3.7064) 

Watershed percent SEC-

ha
a
 practices 

0.1306a 

(0.0173) 

0.0575a 

(0.0108) 

1.3746b 

(0.0482) 

14.7932c 

(1.9203) 

Watershed percent SD
b
 

practices 

1.0468a 

(0.0548) 

1.7354b 

(0.0831) 

3.6786c 

(0.0879) 

5.5573d 

(0.5311) 
a
Conservation practices implemented as unit area that were designed to reduce sediment 

from entering stream channels 
b
Conservation practices that were designed to reduce soil disturbance
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Table 3.14.  Mean values for each conservation practice effectiveness group of predicted 

lithophil guild abundance scenarios and NRCS conservation practices in Prairie Division 

of the Missouri River basin.  Mean values within rows that have different subscripts are 

significantly different at α = 0.05 using T-tests and Bonferroni corrections.  Standard 

error is in parentheses. 

 Likely that 

 agr cons 

likely not 

needed 

(n=62,903) 

non-agr 

cons 

needed 

(n=5982) 

agr cons 

not 

effective 

(n=15,051) 

agr cons 

effective 

(n=1423) 

Percent of total streams 73.69 7.01 17.63 1.67 

Base condition lithophil 

abundance 

0.3235 a 

(0.0002) 

0.1964 b 

(0.0004) 

0.1849 c 

(0.0003) 

0.2322 d 

(0.0002) 

Conservation condition 

lithophil abundance 

0.3209 a 

(0.0002) 

0.1897 b 

(0.0005) 

0.1786 c 

(0.0003) 

0.2493 d 

(0.0002) 

Percent difference from 

base to conservation 

-0.8708 a 

(0.0334) 

-3.3070 b 

(0.0972) 

-3.4068 b 

(0.0670) 

7.44 c 

(0.1353) 

Watershed percent SEC-

ha
a
 practices 

9.0070 a 

(0.0762) 

8.3658 b 

(0.1717) 

10.9972 c 

(0.1032) 

13.7003 d 

(0.4660) 

Watershed percent SEC-

m
b
 practices

 

139.3406 a 

(1.9898) 

118.9317 b 

(3.4714) 

139.5959 c 

(1.7880) 

6.4598 d 

(0.9009) 

 

Watershed percent SD
c
 

practices 

10.9665 a 

(0.0749)` 

10.0037 b 

(0.1418) 

12.2990 a 

(0.0861) 

17.6259 c 

(0.4625) 
a
Conservation practices implemented as unit area that were designed to reduce sediment 

from entering stream channels 
b
Conservation practices implemented as unit length that were designed to reduce 

sediment from entering stream channels
 

c
Conservation practices that were designed to reduce soil disturbance
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Figure 3.1.  Map of Missouri River basin and Bailey‟s Division that were used as an 

ecoregion classification. 
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Figure 3.2.  Classification tree model that was developed to predict lithophil presence and 

absence (PA_A23) in the Prairie Division of the Missouri River basin.  Physiographic 
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features were summarized using categorical principal components analysis and the 

resulting principal components (PC 1-4) were used as model inputs (see Table 3.2).  Total 

watershed area (km2) and five threat indices representing agricultural, urbanization, 

point-source pollution, infrastructure, and non-agricultural threats (Fore Chap. 2) were 

also used as model inputs.  The bars represent the number of samples classified in its 

respective node.  White bars and text values of zero represent absences and black bars 

and text values of one represent presence.  The top node begins with all the data from the 

sample and each branch of the tree contains the variable and its values that were used to 

classify guild presence/absence.  Terminal nodes (those with no branches) represent final 

classifications of presence/absence. 
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Figure 3.3.  Expected change in guild abundance per unit increase of conservation 

practices.  SEC = conservation practices designed to reduce sediment entering stream 

channels that were applied in hectares.  SEC-m = conservation practices designed to 

reduce sediment entering stream channels that were applied in meters.  SD = conservation 

practices designed to reduce soil disturbance and applied in hectares.  Plots were 

developed by using each conservation practice‟s parameter estimates from its respective 

assessment model (Tables 3.6, 3.8, and 3.10) and excluded the effects of all other 

parameters.  All effects in Hot Continental Division (HCD) are quadratics and those in 

Prairie Division (PD) are linear.  The scale for SEC-m practices is 10 times the value 

shown and the units are m/km
2
.   
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Figure 3.4.  Map of stream segments <500 link magnitude classified into predicted 

conservation practice effectiveness groups in the Prairie and Hot Continental Divisions of 

the Missouri River basin.  Lithophilous spawners were used as an indicator.  Refer to 

Table 3.11 for criteria used to delineate conservation practice effectiveness groups.  NA 

refers to streams too large for assessment (link magnitude >500). 
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Figure 3.5.  Predicted percent change in lithophil guild abundance from base condition 

abundance to conservation condition abundance for stream segments with link magnitude 

<500 in the Prairie and Hot Continental Division of the Missouri River basin.  Base 

condition abundance was predicted assuming no conservation practices were applied on 

the landscape and conservation condition abundance accounted for the effects of 

currently applied NRCS soil conservation practices.  Positive values indicate positive 

conservation practice effects because lithophil abundance was expected to increase with 

conservation practice density.
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Figure 3.6.  Map of stream segments in stream segments <500 link magnitude classified into predicted conservation practice 

effectiveness groups in the Prairie and Hot Continental Divisions of the Missouri River basin.  Omnivores were used as an 

indicator.  Refer to Table 3.11 for criteria used to delineate conservation practice effectiveness groups.  NA refers to streams 

too large for assessment (link magnitude >500). 
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Figure 3.7.  Predicted percent change in lithophil guild abundance from base condition 

abundance to conservation condition abundance for stream segments with link magnitude 

<500 in the Prairie and Hot Continental Division of the Missouri River basin.  Base 

condition abundance was predicted assuming no conservation practices were applied on 

the landscape and conservation condition abundance accounted for the effects of 

currently applied NRCS soil conservation practices.  Negative values indicate positive 

conservation practice effects because omnivore abundance was expected to decline in 

response to conservation practice density. 
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CHAPTER 4 - FRAMEWORK TO IMPROVE AGRICULTURAL CONSERVATION EFFORTS: 

REDUCING POTENTIAL COSTS AND INCREASING ECOLOGICAL EFFECTIVENESS 

 

 

Abstract 

Successful agricultural conservation will be necessary to reduce ecological 

degradation of aquatic ecosystems.  Current research indicates that agricultural 

conservation efforts by U.S. Department of Agriculture‟s Natural Resource Conservation 

Service (NRCS) have been effective and that additional efforts will be required to 

improve the ecological condition of many watersheds.  Declining conservation funding 

coupled with reduced producer participation in cost-share programs has created a greater 

demand for agencies like NRCS to strategically distribute conservation resources in an 

effort to maximize the ecological benefits of their conservation programs.  We developed 

a decision support framework to improve the allocation of conservation resource and to 

increase the ecological effectiveness of agricultural conservation practices for private 

lands at regional and watershed spatial scales.  The framework is comprised of three 

components designed to strategically identify watersheds where: 1) ecological 

degradation has occurred, 2) CPs are likely to be effective, and 3) the cost-benefit ratio of 

implementing CPs is lowest.  A case study in the Missouri River basin is presented to 

demonstrate how the framework can be used.  We identified 2,633 ecologically degraded 

watersheds where agricultural conservation practices were likely to be effective.  

Agricultural conservation practices designed to prevent soil disturbance (e.g., 

conservation tillage and grazing management), and thus erosion, were more cost-effective 

than practices designed to prevent eroded materials from entering stream channels (e.g., 
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crop rotations).  Cost-benefit ratios and total conservation costs differed substantially by 

ecoregion.  Due to the likelihood that a high density of conservation practices are needed 

to improve ecological conditions from „more‟ disturbed to reference conditions, 

managers should strategically allocate resources to watersheds at multiple spatial scales 

and actively seek producers willing to participate in cost-shared agricultural conservation 

practices to maximize ecological return on conservation investments.
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Chapter 4 - Summary of Management Opportunities, Use Limitations, and 

Improvement Options for Framework to Improve Agricultural Conservation 

Efforts: Reducing Potential Costs and Increasing Ecological Effectiveness 

 

Opportunities to Use the Decision Support Framework 

 Strategically allocate conservation resources to improve fish assemblage 

condition by prioritizing stream segments in need of agricultural conservation. 

o identify stream segments were fish assemblages are likely degraded (i.e., 

where conservation is most needed). 

o identify segments where agricultural CPs are most likely to be effective. 

o identify CPs with lowest marginal costs (i.e., have the greatest ecological 

benefit and least cost). 

o estimate total conservation costs and cost-benefit ratio of 

implementing CPs to restore or maintain desired fish assemblage 

conditions. 

 

Limitations and Caveats of the Decision Support Framework 

 Cost estimates for watersheds do not necessarily represent the full installation and 

maintenance costs. 

 Standardized CP scenarios were used to relativize comparisons among watersheds 

and to improve presentation; specific conservation needs are likely to vary among 

watersheds. 

 Actual conservation cost estimates for watersheds may vary because our cost 

estimates were averaged among several states and relativized to ecoregion (Hot 

Continental and Prairie Divisions). 

 Conservation practice data are outdated (1999 – 2008) and must be continually 

updated to ensure contemporary accuracy. 

 

Options for Improvements 

 Develop the decision support framework into a customized desktop or online 

version of an ArcGIS project that allows users to evaluate CP scenarios, their 

cost, and how they affect watershed conditions. 

o continual updating of applied CP data and CP costs. 

o integrate with the NRCS Practice Data and/or Cropland Assessments to 

generate a continual update of practice data and a reassessment of progress 

toward fish assemblage conservation goals.
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Introduction 

Improving the effectiveness of conservation efforts on agricultural lands will be 

critical to solving large-scale ecological problems like hypoxia in the Gulf of Mexico 

(Malakoff 1998; Rabalais and others 2002) as well as smaller-scale issues like 

sedimentation of headwater streams (Waters 1995).  About 70% of the land in the U.S. is 

privately owned (Gray and Teels 2006) and 50% of that land is under agricultural 

production (Heard and others 2000).  The Midwest U.S. contains some of the most 

productive cropland in the world, with landuse in many watersheds consisting almost 

entirely of crop production (Monfreda and others 2008).  The major stressors from 

agricultural production are sediment loading of waterways, altered hydrology, and 

nutrient runoff.  Sedimentation from agriculture is considered the largest pollutant to 

freshwater ecosystems (US Environmental Protection Agency 2000b; Waters 1995) and 

is a major threat to aquatic communities (Newcombe and MacDonald 1991; Wood and 

Armitage 1997).  The public has recognized these issues and has widely supported 

conservation on agricultural lands aimed at improving water quality and ecological 

services (e.g., reducing sedimentation, pesticide runoff, and nutrient runoff to surface 

waters). 

Agricultural conservation policy in the U.S. is largely accomplished through the 

Farm Bill and its conservation programs are administered on private agricultural lands by 

U.S. Department of Agriculture‟s Natural Resources Conservation Service (NRCS).  

NRCS is one of the few agencies to work with private agricultural producers to 

implement conservation practices (CPs) and is the agency most likely to accomplish 

agricultural conservation over large geographic scales.  The original 1985 Farm Bill set 

out to reduce erosion on highly erodible lands and to reduce excess food production by 
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idling marginal croplands.  Agricultural conservation policy has since evolved to place 

less focus on decreasing food production and now focuses on providing environmental 

benefits through water quality improvements and increasing wildlife habitat (Heard and 

others 2000).  Today, NRCS provides technical assistance to agricultural producers by 

cost-sharing conservation practices that range from wetland and upland restoration, to 

improved tillage practices, and better management of nutrient and pesticide applications.  

Producers voluntarily enroll in the Conservation Reserve Program by submitting 

contracts to local NRCS offices.  NRCS staff then use indices to prioritize the contracts 

and incentive payments based on highly erodible lands, potential water quality 

improvements, and wildlife habitat value (Walter and others 2007). 

Current research suggests agricultural conservation efforts on private lands have 

provided environmental benefits but these benefits are often localized and fragmented 

and broader scale benefits will require large increases in CP implementation (Fore Chap. 

2).  Due to CPs implemented in the Upper Mississippi River basin, sediment loss from 

fields was estimated to be reduced by 69% and total nitrogen loss was reduced by 48% 

(U.S. Department of Agricultural, unpublished report).  Similarly, in the Great Lakes 

region, sediment loading to rivers was estimated to be reduced by 50% and nitrogen 

loading by 38% (US Department of Agriculture 2011).  However, both studies indicated 

that more CPs were needed on highly erodible lands.  Sediment loading would be 

reduced by 11% if the 3.4 million hectares of highly erodible land and by 26% if all 14.5 

million hectares of under-treated lands in Upper Mississippi River basin were treated 

with soil erosion practices.  Similarly, implementing soil CPs on the 1.1 million hectares 

of highly erodible lands in the Great Lakes region would reduce sediment loading by 
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30%.  Unfortunately, because enrollment in CPs is voluntary, NRCS has limited abilities 

to seek out producers or specific fields to strategically implement CPs.   

NRCS conservation practices provide ecological benefits to terrestrial wildlife, 

primarily avifauna, by idling cropland and restoring grassland habitat (Burger, Jr. and 

others 2006; Ryan 2000; Schnepf and Cox 2006).  Retiring croplands with the 

Conservation Reserve Program and planting perennial vegetation increased next success 

and recruitment for five duck species in the Prairie Pothole region of the U.S. and 

resulted in an additional 12.4 million recruits (Reynolds and others 2001).  Additionally, 

the Conservation Reserve Program has been cited as an important source habitat for 

multiple species of grassland nesting birds (McCoy and others 1999).  Agricultural (e.g., 

contour farming and reduced tillage) and riparian CPs have been shown to improve 

physical stream habitat (i.e., an aggregate habitat index score), and the effects to fishes 

are varied but intolerant individuals generally declined in abundance with CP installation 

(Wang and others 2002).  Lithophilous spawning fishes sensitive to impacts of stream 

sedimentation were positively associated with NRCS soil CPs (Fore Chap. 3).  Positive 

ecological benefits to fishes were not commonly observed because the density of CPs 

within individual watersheds was too low to elicit a response (Fore Chap. 3).  This 

research indicates that if improvements in ecological condition are desired outcomes of 

agricultural conservation efforts that the distribution and placement of CPs will need to 

be improved.   

Agricultural conservation is a complex endeavor that requires planning at multiple 

spatial scales.  Most recommendations for improving conservation strategy deal with 

increasing the precision at which we address conservation issues; for example, 
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identifying highly erodible lands or those considered hydrologically sensitive on 

individual farm fields can focus conservation efforts on areas most likely to contribute 

pollution (Walter and others 2000).  Indeed, these advances in precision agriculture can 

be effective at reducing pollution (Delgado and others 2011) and producers can maintain 

or increase profitability (McConnell and Burger 2011).  The downside to these methods 

is that they generally require intensive scientific investigation that producers are unable to 

perform and they often ignore larger patterns of regional conservation need.   

It is important for conservation to have local support, but strategic planning 

should begin at coarser spatial scales such as ecoregions or watersheds.  Distributing 

conservation funding similarly among political boundaries increases the likelihood that 

conservation will be less effective because water resource issues are bounded by 

ecoregions and watersheds.  When using watersheds as the spatial unit to distribute 

conservation funds, managers can strategically allocate funding based on cost criteria 

because they can better estimate the amount of conservation needed to reduce ecological 

degradation.  Once funding is properly allocated among watersheds, local and precision 

agricultural conservation could then be utilized to determine the best method to meet 

conservation objectives (Walter and Walter 1999). 

Managers need information and decision support tools to aid them in strategic 

selection of conservation watersheds (Pullin and Knight 2003; Walter and others 2007).  

Decision support frameworks provide managers a means to formally incorporate 

scientific knowledge and evidence into the decision making process (Pullin and others 

2004).  The framework should be structured so that managers can incorporate stakeholder 

values into objectives that reflect desired and achievable conditions (Clemens and Reilly 
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2001; Keeney 1996).  Decision support frameworks are also beneficial because they 

reduce aversion to taking management risks, yet allow managers to incorporate and 

account for uncertainty in the decision making process (Maguire 1991; Regan and others 

2005).  Conservation funding is always limited and managers are required to maximize 

its use by providing the greatest return for each conservation investment.  Decision 

frameworks should be used by managers to make strategic decisions regarding 

conservation resource distribution.  Incorporating three strategic elements – ecological 

prioritization, maximization of CP efficacy, and cost analysis – into a decision support 

framework for agricultural conservation will allow managers to make informed decisions 

that best utilize limited conservation resources and increases ecological benefits. 

Our goal was to develop a decision support framework that improves 

conservation resource allocation and ecological effectiveness of agricultural conservation 

practices for private lands at regional and watershed spatial scales.  We generally refer to 

conservation resources as funding for implementing CPs, but it also includes the funds 

required for general administrative and technical tasks that coincide with implementing a 

conservation practice.  A case study in the Missouri River basin is used to illustrate how 

NRCS could implement this framework (and use the associated data and models 

presented in chapters 2 and 3) to allocate financial resources and agricultural 

conservation practices to improve fish assemblage condition.  The decision support 

framework is intended to be flexible and because our case study is used an illustration, 

managers can, and should, adapt methods that best suit their needs.   

The framework we apply is used as a winnowing process (Claassen 2007) that 

includes all producers and land area in a region (Fig. 4.1).  Since the goal is to 
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strategically identify a subset of watersheds, each component of the framework is 

designed to reduce the larger subset to an idealized (as determined by a manager) group 

of watersheds.  The framework is comprised of three components designed to 

strategically identify watersheds where: 1) ecological degradation has occurred (see Fore 

Chap. 3, Figure 3.4), 2) CPs are likely to be effective (see Fore Chap. 2, Figure 2.6), and 

3) implementing CPs are cost-effective.  The components of the framework are outlined 

below. 

 

Allocate conservation resources to watersheds exhibiting ecological degradation 

Managers may consider prioritizing watersheds based on ecological need so that 

conservation resources are utilized in watersheds where degradation has occurred.  By 

using biological criteria to define reference conditions (the desired condition after 

conservation has occurred), managers can empirically estimate (via models) current 

baseline ecological condition in unsampled watersheds (Fig. 4.1; step 1).  The major 

decision point in this step is to determine what constitutes ecological degradation and to 

select watersheds considered ecologically degraded for conservation (Fig. 4.1; step 1).  

Additionally, the models can also be used to explore relationships between biota and CPs 

so that the amount of conservation effort needed to reach reference condition can be 

estimated.  Estimating the amount of conservation needed to achieve reference condition 

is critical for two reasons: 1) to compare the amount of conservation effort needed among 

watersheds and 2) to estimate the total conservation cost and cost-benefit of reaching the 

conservation targets for each watershed.  
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Increase the likelihood conservation practices are effective  

Conservation agencies are likely to be more effective if they seek watersheds 

relatively homogenous in threats because these agencies generally work independently 

and their CPs only address a specific suite of threats (e.g., agriculture but not point-

source pollution).  Doing so requires conducting a formal threat assessment in an effort to 

maximize the potential ecological benefits derived from the practices and ensures 

conservation resources are appropriated to the proper watersheds (Fig 4.1; step 2).  These 

watersheds can be identified if we operate under the premise that CPs are less effective in 

watersheds with a high prevalence of threats that the agency‟s CPs were not designed to 

mitigate (non-target threats) (Fore Chap. 2).  The prevalence of non-target threats is not 

always self-evident when examining landcover maps because multiple threats generally 

affect most watersheds (Fore Chap. 2).  Therefore, it is essential managers conduct threat 

assessments to determine the relative proportion of a watershed‟s target and non-target 

threats to identify watersheds where conservation practices are most likely to be effective 

without implementing CPs that address non-target threats (Fig. 4.1; step 2).   

 

Make best use of conservation funding 

Managers can use financial information to strategically utilize conservation 

resources in a manner the saves money and maximizes ecological benefits.  At this point, 

a subset of watersheds has been identified that are ecologically degraded and contain 

threats best suited to the agency‟s CPs, which should increase the likelihood of 

conservation success.  The major task in this step is to determine for each watershed the 

cost of implementing CPs to achieve reference conditions (Fig. 4.1; step 3).  Watersheds 

can be strategically identified by estimating the total cost of CPs needed to achieve the 
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reference condition, by estimating the cost-benefit ratio of each watershed, or some 

combination of both approaches.  Estimates of cost-benefit ratio for each watershed are 

expressed as dollars per unit of ecological gain (e.g., dollars per unit increase of fish guild 

abundance) and allow managers to avoid watersheds where CP implementation yields 

little ecological benefit and poorly appropriates limited conservation resources.  The 

major decision point for this step is to develop cost criteria that use some combination of 

total cost and cost-benefit ratio to allocate conservation funding to watersheds (Fig. 4.1; 

step 3). 

 

Methods 

Study Area 

The case study was performed in two ecoregions of the Missouri River basin, the 

Prairie Division and Hot Continental Division that are in the Humid Temperate Domain 

(Fig. 4.2) (Bailey 1980; Bailey 1983).  Our case study was restricted to these ecoregions 

because prior research was conducted in them that assessed fish assemblage response to 

the implementation of NRCS CPs.  The Prairie Division is typically associated with 

climates in which soil and air temperatures are high in summer and soil moisture is 

insufficient for tree growth.  Vegetation consists of tall grasses with subdominant broad-

leaf herbs.  Woody species are generally absent.  Soils are Mollisols, rich in organic 

matter.  The Hot Continental Division is characterized by hot, humid summers with cool 

winters.  Dominant vegetation is deciduous forest, with a low shrub layer, and understory 

of herbs in early spring.  Soils are primarily Inceptisols, Utisols, and Alfisols. 
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General Methods 

Allocate conservation resources to watersheds exhibiting ecological degradation 

Watersheds in this study are represented by the stream segment of the watershed 

outlet.  Multiple-regression models were developed to predict lithophil guild abundance 

and identify ecologically degraded watersheds (Table 4.1, Fig. 4.3).  Lithophil guild 

abundance was predicted as the proportion of lithophilous species in a stream segment as 

a function of total watershed conditions.  Models were developed for each ecoregion and 

were applicable to streams with a link magnitude less than 500.  A three-step modeling 

procedure was used to account for the effects of physiography, human threats, and soil 

CPs (Table 4.2).  Physiographic features were used to account for natural variation in 

lithophil guild abundance and human threat indices were to account for contemporary 

watershed condition and its effect on lithophil guild abundance (Table 4.2).  Three soil 

CP scenarios were used to identify how lithophil guild abundance responded to 

agricultural CPs (Table 4.2).  One CP scenario represented practices designed to reduce 

soil disturbance.  Two CP scenarios represented practices designed to reduce 

sedimentation and they were distinguished by practices implemented on an area basis 

(hectares) and practices implemented linearly (meters) (Table 4.2).  Accounting for the 

effects of soil CPs allowed us to assess whether CP implementation improved fish 

assemblages from „more‟ disturbed to reference conditions (i.e., ecologically degraded 

watersheds were improved to reference condition).  

Two predictions of lithophil guild abundance from the multiple-regression model 

and a reference condition threshold were used to classify stream segments as ecologically 

degraded.  „Base‟ abundance was predicted by setting CP density in all watersheds to 
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zero and was used as a baseline to evaluate how implementation of soil CPs affected fish 

assemblages (Table 4.1, Fig. 4.3).  „Conservation‟ abundance was predicted by 

accounting for the density of currently applied CPs and was used to assess how soil CPs 

affected fish assemblages relative to base abundance and reference conditions (Table 4.1, 

Fig. 4.3).  The threshold for „reference‟ conditions was calculated separately for each 

ecoregion as the mean lithophil guild abundance from fish samples where agricultural 

and non-agricultural threat index scores were below the 50
th

 percentile (Table 4.1).  

Watersheds were then classified as ecologically degraded if base and conservation 

abundances were below the reference condition threshold (i.e., more disturbed) because 

lithophils guild abundance was expected to increase with CP density (Fig 3.3).  

Watersheds with base abundance less than reference condition and conservation 

abundance greater than reference condition were not included because agricultural 

conservation was considered effective.  The reference condition criteria are used here as 

an illustration.  Different reference criteria should be used to suit the needs and goals of 

an agency. 

 

Increase the likelihood conservation practices are effective 

A threat assessment was conducted to determine watersheds under NRCS primary 

management capacity (Table 4.1, Fig. 4.4).  Soil CPs would be more likely to be effective 

(at increasing lithophil guild abundance) in watersheds where NRCS primary 

management capacity.  To conduct the threat assessment, agricultural and non-

agricultural threat indices were constructed by calculating the total watershed prevalence 

for 17 threat metrics (Table 4.2, Fig. 4.4) (Fore Chap. 2).  The individual threat metrics 
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were standardized relative to the watershed with the highest threat metric prevalence and 

were transformed to a common scale because prevalence units differed among metrics 

(Table 4.1) (Fore Chap. 2).  The threat indices were calculated by summing their 

corresponding standardized threat metrics and were transformed to a common scale so 

that comparisons could be made across the indices (Table 4.1) (Fore Chap. 2).  NRCS 

primary management capacity was determined by giving each watershed a quartile score 

for its agricultural and non-agricultural threat index score (Table 4.1; e.g., a threat index 

score = 0 – 25 yielded a quartile score = 1).  The agricultural quartile score was then 

divided by the non-agricultural quartile score to yield a NRCS primary management 

capacity score (Table 4.1, Fig. 4.4).  Stream segments with scores ≥ 2 were considered to 

be under primary NRCS management capacity (Table 4.1) (Fore Chap. 2).  

 

Make best use of conservation funding 

Determining total conservation cost for each watershed was accomplished by 

calculating three variables: 1) conservation need – the increase in guild abundance 

needed to reach reference condition, 2) CP scenario density – the density in square 

kilometers of each CP scenario to meet conservation need, and 3) CP scenario cost – the 

marginal cost (cost per unit) of each CP scenario per hectare (Table 4.1, Fig. 4.5).  We 

calculated conservation need for individual watersheds as the difference between 

reference condition threshold and base abundance (Fig. 4.5).  Conservation practice 

scenario density was calculated using the parameter estimates from the multiple-

regression model that predicts lithophil guild abundance (Fig. 4.5).  A look-up table was 

developed that represented the minimum CP scenario density needed to increase guild 
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abundance by units of 0.01.  The look-up table was used for each watershed to link the 

conservation need field to CP scenario density field.  The CP scenario density was 

represented in the multiple-regression model as a proportion of total watershed area, and 

we converted the proportions to hectares for each watershed so that total conservation 

costs could be estimated.   

Conservation practice scenario cost was calculated independently for each 

ecoregion as  

                  ∑           

where CPcost is the mean cost ($USD) for each CP type that composes a scenario and PCP 

is the percentage each CP type was implemented within an ecoregion (Fig. 4.5).  Cost 

data were obtained from NRCS‟s electronic Field Office Technical Guide (US 

Department of Agriculture 2012) and averaged across the states of Nebraska, Missouri, 

Kansas, South Dakota, and North Dakota to estimate CPcost (Table 4.2).  Each CP 

scenario contains multiple CP types and their implementation rates vary, which could be 

problematic when estimating the CP scenario costs. To account for the variable 

implementation rates and to calculate PCP we assumed that for each CP scenario, every 

hectare of CP scenario would be implemented relative to each CP type‟s implementation 

rate within the ecoregion.   

Total conservation cost was then calculated by multiplying CP scenario density 

by CP scenario cost for each watershed (Table 4.1, Fig. 4.5).  Cost-benefit ratio was 

calculated by dividing total conservation cost by the number of 0.01 units of 

conservation need for each watershed (Table3.1, Fig. 4.5). 
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Case Study 

Following step 1 of the decision support framework, we identified ecologically 

degraded watersheds by using a reference condition threshold and the base abundance 

and conservation abundance estimates from the multiple-regression models.  Watersheds 

that had base and conservation abundance values less than the ecoregion‟s reference 

condition threshold were selected as a subset of all eligible watersheds (link magnitude < 

500) within the ecoregion (Figs. 4.1 and 4.2). 

From the subset of watersheds selected in step 1, we selected watersheds where 

NRCS had primary management capacity (agricultural threats approximately twice as 

prevalent as non-agricultural threats) (Figs. 4.1 and 4.3).  

Total conservation cost and cost-benefit ratio were calculated in step 3 of the 

decision support framework for the remaining subset of watersheds (Fig. 4.5).  Two 

aggregate CP scenarios were used in this study because the reduce sedimentation scenario 

that was applied linearly (as identified in the General methods section) was negatively 

related to lithophil guild abundance; therefore, the scenario could not increase lithophil 

guild abundance to reference conditions.  One CP scenario was comprised of practices 

designed to reduce soil disturbance and erosion (hereafter „reduce soil disturbance‟) 

(Table 4.3).  The other CP scenario was comprised of practices designed to reduce 

sediment entering stream channels (hereafter „reduce sedimentation‟) (Table 4.3).  We 

also calculated a scenario that combined the effects of the reduce soil disturbance and 

reduce sedimentation scenarios (hereafter „reduce disturbance and sedimentation‟); 

therefore, this scenario assumes if a watershed needed 50% of its area implemented in 

CPs, that both scenarios were implemented in 50% of the watershed, not 25% of each 
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scenario.  To simplify the presentation of total conservation costs, we estimated 

conservation costs assuming that each CP scenario was implemented irrespective of the 

other practice scenarios. 

Cost-benefit ratios were calculated for each watershed and we calculated the 10
th

, 

15
th

, 25
th

, 50
th

, and 75
th

 percentiles to give managers a range of cost-benefit ratios to 

select (Fig. 4.5).  The percentiles were calculated within each ecoregion to compare 

watersheds within each ecoregion (independent of the other) and independent of 

ecoregions so the watershed comparisons could be made among both ecoregions. 

 

Results 

The first step of the framework was to identify watersheds exhibiting ecological 

degradation.  In the entire study area, 17,320 watersheds (13.8%) were classified as 

ecologically degraded; that is they were predicted to have values of lithophil guild 

abundance less than guild abundance value for reference conditions (Fore Chap. 3).  Of 

those, 2,269 (13%) were in Hot Continental Division with the remainder in Prairie 

Division (87%).  The number of ecologically degraded watersheds in Hot Continental 

Division represented 10.6% of the total watersheds in that ecoregion and the 15,051 

ecologically degraded watersheds in Prairie Division represented 14.4% of watersheds in 

that ecoregion.  

From the above subset of watersheds, we identified those where NRCS CPs were 

most likely to be effective; that is, NRCS had primary management capacity (Fore Chap. 

2).  We identified 2,663 (15%) watersheds in both ecoregions where NRCS had primary 

management capacity in ecologically degraded watersheds.  Both criteria (i.e., watersheds 

were ecologically degraded from agriculture and were under NRCS management 



 

167 

 

capacity) were met in 694 Hot Continental Division watersheds (3% of all watersheds in 

Hot Continental Division) and in 1,964 watersheds in Prairie Division (2% of all 

watershed in Prairie Division).  We excluded 329 watersheds because they needed less 

than a 0.01 increase in lithophil guild abundance to reach the least disturbed threshold; it 

was assumed their abundance was close enough to the threshold that conservation was 

not likely needed. 

The composition of the CP scenarios differed between ecoregions.  The reduce 

soil disturbance scenario in Hot Continental Division was dominated by terrestrial habitat 

restoration CPs and grazing management CPs (Table 4.4).  Conservation tillage practices 

were implemented in Hot Continental Division, but were generally uncommon.  The 

reduce soil disturbance scenario in Prairie Division was dominated by conservation 

tillage practices (Table 4.4).  Grazing management practices (use exclusion and 

prescribed grazing) and upland habitat management practices in Prairie Division were 

implemented in nearly equal densities in the reduce soil disturbance scenario (Table 4.4).   

Conservation practices with the lowest marginal costs (cost per unit) in the reduce 

soil disturbance scenario were residue and tillage management, mulch-till, prescribed 

grazing, and use exclusion.  Conservation tillage and grazing management practices had 

lower marginal costs than practices involving restoration or retiring land from production 

(Table 4.4).  The conservation cover practice was excluded from the reduce soil 

disturbance scenario cost estimate in Prairie Division because cost information for this 

practice could only be obtained for one of the five states (South Dakota).  Had we 

included this practice in the scenario, the scenario‟s cost would have been five times 

higher than the cost reported in Table 4.4.  
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The composition of the reduce sedimentation scenarios was very similar between 

the two ecoregions.  Conservation crop rotation was the most commonly implemented 

practice in both ecoregions and contour farming was the second most commonly 

implemented practice (Table 4.4).  The only major difference between the ecoregions was 

seasonal residue management practices were more commonly implemented in Hot 

Continental Division (Table 4.4). 

Conservation practice types with the lowest marginal costs in the reduce 

sedimentation scenario were those designed to change production operations, while CPs 

with restoration components had higher costs (Table 4.4).  Residue management, mulch 

tillage, and conservation crop rotations had the lowest marginal costs while riparian zone 

restoration and grassed waterway practices had the highest marginal costs (Table 4.4).   

The total cost of both scenarios was similar within each ecoregion (Table 4.4).  

However, among ecoregions, the reduce soil disturbance scenario cost about twice as 

much in Hot Continental Division as it did in Prairie Division and the reduce 

sedimentation scenario cost was more than three times as much in Hot Continental 

Division as it did in Prairie Division (Table 4.4).  The reduce disturbance and 

sedimentation scenario cost $48,706/km
2
 in Hot Continental Division and $18,226/km

2
 in 

Prairie Division; its cost was estimated by summing the marginal cost of the reduce soil 

disturbance and reduce sedimentation scenarios. 

 The average predicted increase in guild abundance needed to shift watersheds 

from more to less disturbed was generally low.  On average, the mean lithophil 

abundance increase needed for watersheds in Hot Continental Division was 0.08, and 
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ranged from 0.01 to 0.38 (Fig. 4.6).  In Prairie Division, the mean lithophil abundance 

increase needed was 0.05, and ranged from 0.01 to 0.22 (Fig. 4.6).  

The average total cost of implementing CPs to reach least disturbed conditions 

(hereafter, total conservation cost) was greater in the Prairie Division for all CP scenarios 

(Table 4.5).  The average total conservation cost of the reduce soil disturbance scenario 

was lowest in both ecoregions (Table 4.5; Fig. 4.7), whereas total conservation cost for 

the reduce sedimentation scenario (Fig. 4.8) was on average intermediate in both 

ecoregions and the reduce disturbance and sedimentation scenario was highest in both 

ecoregions (Table 4.5; Fig. 4.9).  

Percentiles for cost-benefit ratio were examined across the entire assessment area, 

irrespective of ecoregion.  The reduce soil disturbance scenario had lowest cost-benefit 

ratio across the study region (Table 4.6; Fig. 4.10).  The reduce sedimentation scenario 

was intermediation in cost-benefit ratio (Fig. 4.11) and the reduce disturbance and 

sedimentation scenario had the highest cost-benefit ratio (Table 4.6; Fig. 4.12).  

Examining the mapped output indicates that the most cost-effective ecoregion for fish 

conservation was Hot Continental Division (Figs. 4.10, 4.11, and 4.12).  The Prairie 

Division had few watersheds with low cost-benefit ratios using the reduce soil 

disturbance scenario as most were in Hot Continental Division (Fig. 4.10).  The 

watersheds with the lowest cost-benefit ratios for the reduce sedimentation scenario were 

primarily in Hot Continental Division but several were present in Prairie Division (Fig. 

4.11).  The pattern for cost-benefit ratios of the reduce disturbance and sedimentation 

scenario was similar to the reduce sedimentation scenario (Fig. 4.12). 
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There were differences in cost-benefit ratio for watersheds within each ecoregion.  

Within Hot Continental Division, the reduce soil disturbance scenario was expected to 

have the lowest cost-benefit ratio (Fig. 4.13), the reduce sedimentation scenario was 

intermediate in cost (Fig. 4.14), and the reduce disturbance and sedimentation scenario 

cost the most (Table 4.5; Fig. 4.15).  In Prairie Division, the reduce sedimentation 

scenario had the lowest cost-benefit ratio (Fig. 4.14), the reduce soil disturbance scenario 

was intermediate in cost (Fig. 4.13), and the reduce disturbance and sedimentation 

scenario cost the most (Table 4.5; Fig. 4.15).  Cost-benefit ratio percentiles were always 

less in Hot Continental Division than those in Prairie Division, indicating that 

conservation in Hot Continental Division as a whole is has the best cost-benefit (Table 

4.5). 

 

Discussion 

Shrinking funds for fish and wildlife conservation efforts will put increasingly 

more pressure on managers and policymakers to maximize the use of the conservation 

funds to achieve ecological benefits.  Because our framework involves estimating 

conservation costs, managers will have a tool to help them justify the distribution of 

conservation resources among watersheds and they will be able to influence policies to 

gain additional support for ecological conservation.  Although not all NRCS conservation 

initiatives are targeted at improving ecological condition, this framework could also be 

used by NRCS to strategically select watersheds for their Environmental Quality 

Incentives Program (EQIP) that focuses on improving biological or ecological condition.  

Because funding for programs like EQIP is limited, we argue agencies would be best 

served by strategically selecting watersheds based on three tenets: 1) mitigating for 
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ecological degradation is more likely to result in improved water quality, 2) the 

effectiveness of CPs can be maximized by conducting threat assessments, and that 3) 

funding can be effectively allocated by estimating total conservation cost and cost-benefit 

ratio of implementing CPs.   

Using ecological criteria to strategically select watersheds would increase the 

effectiveness of programs like EQIP.  Biota reflect stream condition better than physical 

or chemical parameters because they integrate all aspects of their physiochemical 

environment (Karr 1999; Karr and Chu 2000).  If water quality parameters are used as 

benchmarks for conservation success, it is possible for water quality restoration to be 

„successful‟ but biological conditions remain degraded.  For example, the sediment load 

in some watersheds is 12 times historical levels (Kelley and Nater 2000); if conservation 

success was defined by a 25% reduction in sediment loading and the criterion was met, 

the sediment load would still be nine times historical loads and could be insufficient to 

improve biological life.  NRCS CPs are generally implemented to provide environmental 

benefits (e.g., reduced sediment loading and nutrient runoff), but to the best of our 

knowledge, are generally not implemented with the intent of making quantitative 

improvements to water quality parameters or ecological condition.  Our decision support 

framework and supporting models (from Fore Chapters 2 and 3) can be used, as our case 

study demonstrates, as a means for NRCS to use quantitative ecological conditions as 

conservation outcomes as a means to implement CPs in watersheds.  Doing so increases 

the likelihood that conservation efforts will result in water quality improvements because 

the amount of CPs will be scaled to ecological improvements, not water quality 

parameters. 
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Managers stand to benefit by selecting watersheds that maximize the effectiveness 

of their conservation practices.  The unfortunate reality of conservation is that most 

agencies generally work independently; therefore, it may be ideal for an agency to focus 

their efforts in watersheds where collaborative management is less likely to be needed.  It 

would less productive for a management agency to implement agricultural practices in 

the upper end of a watershed that drains predominantly urban land; the stresses from 

urbanization would likely degrade ecological condition and therefore render the 

implementation of agricultural CPs ineffective at improving biological condition (Steffy 

and Kilham 2006; Wang and others 2001).  A large number of watersheds within 

agricultural regions are impacted by non-agricultural threats (Fore Chap. 2).  Programs 

like EQIP that have large priority watersheds could increase agricultural CP effectiveness 

by identifying and working in subwatersheds (within the priority watershed) that are 

minimally impacted by non-target threats.  Demonstrating the effectiveness of 

conservation practices to producers is likely to increase their involvement in conservation 

programs and should lead to increased CP adoption and ecological benefits (Luzar and 

Diagne 1999; Prokopy and others 2008). 

Accounting for the total conservation costs and cost-benefit of conducting 

conservation will improve utilization of limited conservation resources and ideally result 

in improved conservation effectiveness.  The framework presented here is intended to 

provide managers flexibility in assessing the cost-benefit of differing conservation 

options.  Managers could simply target the “low-hanging fruit” and invest in watersheds 

where total conservation cost is lowest.  Alternatively, they could target watersheds with 

the lowest cost-benefit ratio so that some conservation (i.e., least disturbed conditions are 
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not achieved) could be achieved in a larger number of watersheds.  For example, 

conservation funds could be distributed to watersheds below the 10
th

 or 25
th

 cost-benefit 

percentile to achieve a specified increase in guild abundance, regardless of total cost.  

Alternatively, managers can use this framework to identify streams so severely degraded 

that restoration or rehabilitation is unlikely to be successful because costs are too 

prohibitive.  Funding could also be prioritized by ecoregion or to individual watersheds 

(independent of ecoregion).  In the Missouri River basin case study, watersheds in Hot 

Continental Division generally required less total conservation funds to reach least 

disturbed conditions and their cost-benefit ratios were nearly always an order of 

magnitude lower than watersheds in Prairie Division.  If a program‟s goal was to simply 

gain as much conservation as possible (i.e., increase lithophil abundance) with the least 

amount of conservation resources, then funding conservation in Hot Continental Division 

would likely yield the highest return relative to Prairie Division.  Additionally, this 

analysis also highlights the need to increase funding opportunities in highly threatened 

ecoregions like the Prairie Division because the total costs of conservation are so high.   

Prioritizing watersheds based on total costs or cost-benefit ratio requires making 

tradeoffs.  Funding watersheds based on lowest total cost may conserve funding, but it is 

likely that they cost less because they need small increases in guild abundance.  

Managers would need to weigh the tradeoff of investing their resources in sites that are 

marginally degraded or those exhibiting greatest conservation need.  The benefit of 

strategically selecting watersheds using the cost-benefit ratio is that ecological returns are 

larger per investment in conservation.  Another benefit of this approach is that watersheds 

with low cost-benefit ratios should represent those where conservation is most effective 
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because they respond to small efforts of CP implementation.  However, the primary issue 

with only using cost-benefit ratio is that it is expressed as a marginal cost, and the total 

conservation cost for a given watershed is ignored.  This could lead to inappropriate 

distribution of conservation resources because of the large resource commitment to 

watersheds with high total costs.  Therefore, it is advisable for managers to recognize 

tradeoffs in using cost-benefit ratios and to develop criteria that maximize the effects use 

of their funds. 

Alternative options for prioritization of conservation on agricultural lands include 

protecting areas of low ecological degradation and continuing cost-share payments to 

producers in watersheds where current and past conservation efforts have improved (or 

maintained) ecological condition.  Although our decision support framework was not 

formulated to identify these streams, additional components could be added to this 

framework to identify stream segments where current conservation efforts could be 

retained for ecological benefit.  Fore (Chap. 3) identified streams where currently 

implemented agricultural CPs were predicted to reduce ecological degradation (in Fore 

Chap. 3 streams classified as “agricultural conservation effective”) and these could be 

targeted for protection or recurring cost-share payments.  In those watersheds, and by 

using the methods outlined in the current chapter, managers could calculate the costs 

required to implement the CPs and maintain current levels CP implementation by 

continuing to allocate funding to the watersheds. 

Utilizing CP types with low marginal costs and low cost-benefit ratios will 

increase the amount of conservation funds available for additional watersheds.  We never 

observed a watershed where the more costly CP scenario (based on marginal costs) had a 
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lower total conservation cost than the least costly CP scenario.  CP cost-benefit varied by 

ecoregions and was ultimately determined by the relationship of fish guild abundance 

increase to CP scenario density.  CPs that were more ecologically effective on a marginal 

basis (i.e., resulted in larger guild abundance increases) were always more cost-effective 

than less ecologically effective practices.  Perhaps it was coincidence, but we observed 

that the CP scenarios with the lowest marginal costs (from Table 4.4) were also those 

expected to have the greatest marginal increase in lithophil abundance (Fore Chap. 3). 

  Reductions in conservation funding, combined with record commodity prices and 

the concomitant reduction of producer enrollment in land retirement programs (e.g., 

Conservation Reserve Program), is likely to jeopardize the success of current and future 

agricultural conservation efforts.  This will challenge agricultural conservation managers 

to maintain or increase CP enrollment rates.  Most likely, the next iteration of the Farm 

Bill, and the agricultural conservation programs funded by it, will absorb significant cuts 

in conservation funding.  This raises the issue of how future conservation funds will be 

utilized and implemented to provide ecological benefits if and when funding cuts occur.  

Current research suggests that the producer participation in cost-share conservation 

programs needs to increase (Fore Chap. 3; US Department of Agriculture 2011).  

Conservative estimates also suggest that current agricultural conservation efforts have 

largely been unsuccessful at improving fish assemblage condition because CP density is 

too low in most watersheds (Fore Chap. 3).  CPs have the potential to be effective but 

need to be implemented in at least 50% (and usually more) of a stream‟s watershed to 

yield positive ecological benefits on fish communities (Fore Chap. 3).  The low CP 

densities suggest the current policy of voluntary producer participation in agriculture 
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conservation programs is primarily responsible for the lack of ecological effectiveness 

and that if current CP enrollment trends continue, future conservation efforts will remain 

unsuccessful.  NRCS needs the ability to strategically identify watersheds, allocate 

funding to those watersheds, and seek out producers who are willing to implement CPs in 

an effort to increase the ecological benefits provided by their conservation programs. 

The efficacy of voluntary conservation programs to achieve ecological benefits 

has been called into question by other researchers.  Some argue that for voluntary 

conservation efforts to be more effective, the producers need to perceive that CP 

implementation will increase profits and that the background threat of regulation 

overrides the consequences of not implementing CPs (Langpap and Wu 2004; Segerson 

and Miceli 1998).  However, it is unlikely that producers fear the threat of regulation 

since there is currently no federal enforcement (though local regulation exists in some 

areas) of non-point source pollution from agriculture even though it is regarded as the 

largest pollutant source to freshwaters in the U.S. (US Environmental Protection Agency 

2000a).  Alternative conservation strategies are to reward farmers “green payments” for 

implementing CPs based on quantifiable (or estimated) reductions in agricultural 

pollution (e.g., nutrient export or sediment loading) (Winsten and Hunter 2011).  

Watershed level CP adoption rates remain low (Fore Chap. 3) even though most 

agricultural CPs are generally profit neutral and some increase farm profits (Valentin and 

others 2004).  Research has shown that increasing outreach and education to producers 

about CP benefits (both agricultural and environmental) can positively affect CP 

enrollment rates (Lemke and others 2010; Prokopy and others 2008).  Producers are more 

likely to adopt CPs when they perceive the practice will provide them an advantage (e.g., 
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increased profit) and it is compatible with their current operation.  Conversely, barriers to 

practice adoption are generally that CPs provide no perceived advantages and they are 

incompatible with the producer‟s operation (Reimer and others 2012).  Integrating these 

principles into focused producer recruitment efforts is likely to improve CP 

implementation rates and ensure ecological benefits are realized.  

Increasing producer participation in agricultural conservation programs will be 

essential if ecological benefits are a desired result of agricultural conservation.  Using this 

framework to strategically identify would allow resources managers to actively seek 

program participants and potentially increase producer participation.  Although 

enrollment in conservation programs would likely remain voluntary, the added 

opportunity for educating producers is likely to increase program participation and the 

increased conservation resources an area received would reduce contract rejections or 

increase the payment made to each producer.  Managers can work with agricultural 

producers to provide ecological benefits on agricultural lands and increase the efficiency 

by which conservation resources are utilized. 
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Table 4.1.  Key variables, their source, and method of computation as used in each step of the decision support framework as 

presented in the Missouri River basin case study.  Detailed methodology for each variable can be found in the citations 

provided. 

Step in 

Decision 

Process 

Key 

Variables Source of Variable Formula or Method used in Case Study 

1 Reference 

Condition (RC) 

Statistically calculated for each ecoregion from 

existing fish community sampling data (Fore 

Chap. 3) 

RC = mean lithophil abundance of 

watersheds with ATI & NATI < 50th 

percentile 

    

 Base Condition 

(BC) 

Multiple regression model predicting lithophil 

abundance, assuming no CPs implemented 

(Fore Chap. 3) 

BC = ƒ(Physiographic variables + Human 

threats) 

    

 Conservation 

Condition (CC) 

Multiple regression model predicting lithophil 

abundance, currently implemented CPs (Fore 

Chap. 3) 

CC = ƒ(Physiographic variables + Human 

threats + CPs) 

    

2 Agricultural 

Threat Index 

Scores (ATI) 

Statistically calculated for each stream reach 

based on a relativized ranking  of agricultural 

threats across each ecoregion (Fore Chap. 2) 

 

Ts = standardized threat metric 

 

    

 Non-Ag Threat 

Index Scores 

(NATI) 

Statistically calculated for each stream reach 

based on a relativized ranking  of non-

agricultural threats across each ecoregion (Fore 

Chap. 2) 

 

Ts = standardized threat metric 
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 NRCS Primary 

Management 

Capacity 

(PMC) 

Calculated for each watershed based on 

quartile scores ATIQ and NATIQ (Fore Chap. 

2) 

         
    
     

 

 

PMC = PMCscore ≥ 2  

     

3 Total cost (TC) Calculated using CP scenario costs and output 

from multiple-regression models that predicted 

needed CP scenario density.  See Table 4.4 

TC = CP scenario density needed × CP cost  

    

 Cost/benefit 

ratio (CB) 

Calculated using total cost of conservation and 

output from multiple-regression models that 

were used to determine conservation need.   

CB = TC ÷ # of 0.01 units of guild 

abundance increase 
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Table 4.2.  Key variables and their descriptions used in the multiple-regression model 

that predicted lithophil guild abundance.  Human threat indices were used as inputs to the 

multiple-regression model and were used to calculate NRCS primary management 

capacity and the variables that compose each index are listed. 

a
CERCLIS = Comprehensive Environmental Response, Compensation, and Liability 

Information System sites 
b
Toxic Release Inventory sites 

c
RCRA = Resource Conservation & Recovery Act sites 

d
NPDES = National Pollutant Discharge Elimination System sites 

Key Variable Description 

Multiple-regression model to predict lithophil guild abundance 

Physiographic variables 

(proportion of 

watershed) 

Soil texture classes, soil hydrologic classes, surficial geology, 

% rock fragment, depth to bedrock classes 

 

 

Human threats  

(index scores 0 - 100) 

Agricultural, urban, point-source pollution, infrastructure 

 

 

NRCS CPs  

(proportion of 

watershed) 

Reduce soil disturbance, reduce sedimentation, reduce 

sedimentation (m/km
2
) 

  Human Threat Indices  

Agricultural Row-crop, estimated grazing, channelized streams 

  

Urban Impervious surface, population density, population change 

  

Point-source Pollution Mines, CERCLIS
a
, TRI

b
, RCRA

c
, NPDES

d
, landfills 

 

 Infrastructural Road crossings, rail crossings, dams 

 

 Non-agricultural Impervious surface, population density, population change, 

mines, CERCLIS
a
, TRI

b
, RCRA

c
, NPDES

d
, landfills, road 

crossings, rail crossings, dams 
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 Table 4.3.  Conservation practices, their NRCS practice code, and their definitions that 

made up each conservation practice scenario used in the decision support framework for 

the Missouri River basin.  The first scenario is made up of conservation practices 

designed 1) to reduce soil disturbance and prevent soil erosion, and the other scenario is 

made up of conservation practices designed 2) to reduce sedimentation by preventing 

eroded materials from entering stream channels. 

Practice 

Code Practice Name Practice Definition 

Practices to Reduce Soil Disturbance  

327 Conservation Cover Establishing and maintaining permanent vegetative 

cover to protect soil and water resources. 

   

329 (A, 

B, C) 

Residue and Tillage 

Management, No-

till, Strip Till, or 

Ridge Till 

Managing the amount, orientation and distribution of 

crop and other plant residue on the soil surface year 

round while limiting soil-disturbing activities to only 

those necessary to place nutrients; condition residue 

and plant crops. 

   

342 Critical Area 

Planting 

Establishing permanent vegetation on sites that have or 

are expected to have high erosion rates; and on sites 

that have physical; chemical or biological conditions 

that prevent the establishment of vegetation with 

normal practices. 

   

345 Mulch Till Managing the amount, orientation, and distribution of 

crop and other plant residues on the soil surface year-

round, while growing crops on pre-formed ridges 

alternated with furrows protected by crop residue. 

   

472 Use Exclusion The temporary or permanent exclusion of animals; 

people or vehicles from an area. 

   

528(A) Prescribed Grazing Managing the controlled harvest of vegetation with 

grazing animals. 

   

643 Restoration and 

Management of 

Rare & Declining 

Habitat 

Restoring and managing rare and declining habitats 

and their associated wildlife species to conserve 

biodiversity. 

   

645 Upland Wildlife Provide and manage upland habitats and connectivity 
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Habitat 

Management 

within the landscape for wildlife. 

   

Practices to Reduce Sedimentation  

328 Conservation Crop 

Rotation 

Growing crops in a recurring sequence on the same 

field. 

   

330 Contour Farming Tillage, planting, and other farming operations 

performed on or near the contour of the field slope. 

   

344 Seasonal Residue 

Management 

Managing the amount, orientation, and distribution of 

crop and other plant residues on the soil surface during 

a specified period of the year, while planting annual 

crops on a clean-tilled seedbed, or when growing 

biennial or perennial seed crops. 

   

391 Riparian Forest 

Buffer 

An area of predominantly trees and/or shrubs located 

adjacent to and up-gradient from watercourses or 

water bodies. 

   

393 Filter Strip A strip or area of herbaceous vegetation situated 

between cropland, grazing land, or disturbed land 

(including forestland) and environmentally sensitive 

areas. 

   

412 Grassed Waterway A natural or constructed channel that is shaped or 

graded to required dimensions and established with 

suitable vegetation. 

   

484 Mulching Applying plant residues, by-products or other suitable 

materials produced off site, to the land surface. 
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Table 4.4.  Cost of individual conservation practices and conservation practice scenarios 

by ecoregion.  The individual conservation practice costs are represented as the mean cost 

per square kilometer among the states of Nebraska, Missouri, Kansas, South Dakota, and 

North Dakota.  Scenario costs were estimated by multiplying the “practice percentage by 

ecoregion” field with each practices‟ mean cost and summing the respective practice 

costs.  Practices in the reduce soil disturbance scenario are designed to prevent erosion 

and practices in the reduce sedimentation scenario prevent sediment from entering stream 

channels.  The ecoregion abbreviations are HCD = Hot Continental Division and PD = 

Prairie Division. 

    

Practice 

Percentage by 

Ecoregion   

Practice Cost 

($USD)/km
2
  

Weighted Practice 

Cost by Ecoregion 

($USD)/ha 

Practice 

Code Practice Name HCD PD HCD PD 

Reduce Soil Disturbance Scenario    

327 Conservation 

Cover 

- 8 555,163 - 0* 

       

329 (A, 

B, C) 

Residue and 

Tillage Mgmt., No-

till, Strip Till, or 

Ridge Till 

7 43 4,576 320 1,967 

       

342 Critical Area 

Planting 

3 - 45,681 1,370 - 

       

345 Mulch Till 4 6 2,447 97 146 

       

472 Use Exclusion 7 13 6,869 480 893 

       

528(A) Prescribed Grazing 38 13 8,349 3,172 1,085 

       

643 Restoration and 

Mgmt. of Rare & 

Declining Habitat 

39 1 43,127 16,819 431 

       

645 Upland Wildlife 

Habitat Mgmt. 

- 14 39,935 - 5,590 

Total Percent & Cost 98 98  22,262 10,115 

       
Reduce Sedimentation Scenario    
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328 Conservation Crop 

Rotation 

51 62 10,326 5,266 6,402 

       

330 Contour Farming 21 29 4,608 967 1,336 

       

344 Seasonal Residue 

Mgmt. 

20 6 6,202 1,240 372 

       

391 Riparian Forest 

Buffer 

2 - 213,391 4,267 - 

       

393 Filter Strip 1 - 26,716 267 - 

       

412 Grassed Waterway 4 - 352,060 14,082 - 

       

484 Mulching 1 - 35,166 351 - 

Total Percent & Scenario 

Cost 

100 97  26,443 8,110 

*Practice was excluded from cost estimate for scenario.  The cost estimate was only from 

one state (SD) and the addition of the practice into the scenario would have increased the 

total scenario cost five times the reported value.  
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Table 4.5.  Summary statistics of total cost estimates for conservation and the percentiles of cost-benefit ratio for the different 

conservation practice scenarios by ecoregion.  The cost-benefit ratio values are expressed as the cost ($USD) of increasing 

lithophil guild abundance by units of 0.01 and the percentiles were calculated within each ecoregion.  The reduce disturbance 

and sedimentation scenario assumes equal proportions of both practice scenarios were implemented in a watershed and their 

effects to lithophil abundance were summed. 

 

 

Hot Continental Division  

 

Prairie Division 

 

Conservation Practice Scenario 

 

Reduce Soil 

Disturbance 

Reduce 

Sedimentation 

Reduce 

Disturbance & 

Sedimentation 

Reduce Soil 

Disturbance 

Reduce 

Sedimentation 

Reduce 

Disturbance & 

Sedimentation 

Cost ($USD)      

n 651 470 563 326 3,393 4,133 

Mean 345,120 667,924 738,777 317,951 295,057 676,550 

Std. Error 33,491 72,025 75,931 17,396 7,292 16,966 

Minimum 51 58 107 3,027 823 1,850 

Maximum 4.42×10
6 

7.40×10
6
 9.03×10

6
 1.48×10

6
 3.60×10

6
 10.45×10

6
 

       

Cost-benefit Percentile ($USD/lithophil guild abundance increase of 0.01)   

10 823 1,502 1,687 60,567 16,635 31,547 

15 1,097 2,160 2,334 76,100 22,473 42,013 

25 1,894 3,944 3,871 106,336 32,616 62,348 

50 6,118 11,988 12,730 206,185 64,104 121,077 

75 34,418 95,382 70,546 397,342 122,782 235,965 
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Table 4.6.  Percentiles of cost-benefit ratio for each conservation practice scenario for the 

entire assessment region, irrespective of ecoregion.  The cost-benefit ratio values are 

expressed as the cost ($USD) of increasing lithophil guild abundance by 0.01 units and 

the percentiles were calculated within each ecoregion. 

Cost-benefit 

percentiles 

($USD/lithophil 

guild abundance 

increase of 0.01) 

Reduce Soil 

Disturbance 

Reduce 

Sedimentation 

Reduce 

Disturbance & 

Sedimentation 

n 977 3,863 4,696 

10 1,097 10,074 15,213 

15 1,703 15,961 27,227 

25 3,360 27,614 49,396 

50 29,692 59,967 110,546 

75 211,633 121,069 228,288 
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Figure 4.1.  Flow diagram depicting the process of the decision support framework to prioritize and select watersheds for 

agricultural conservation.  The leftmost diagram represents the three major components of the decision framework and the size 

of the boxes signifies the winnowing process of selecting watersheds.  The remaining diagram represents the key components, 

major decision points, and outcome (boxes in bold) for each step of the framework.  See Fore (chap. 3) for detailed 

methodology on Step 1 and Fore (Chap. 2) for details on Step 2. 
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Figure 4.2.  Map of Missouri River basin showing Bailey‟s Divisions that were used as 

an ecoregion classification.  The case study was conducted in the Hot Continental 

Division and the Prairie Division. 
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Figure 4.3.  Flow diagram depicting the process of determining watersheds that were ecologically degraded (step 1 of Fig. 4.1).  

Dashed boxes represent key variables used to classify watersheds as ecologically degraded.  The bold box represents the major 

output from this step.  Refer to Table 4.1 for descriptions of the key variables and multiple-regression model used in this 

process.  Refer to Table 4.2 for description of key inputs to the multiple-regression model used in this process.  
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Figure 4.4.  Flow diagram depicting the process of determining watersheds where NRCS had primary management capacity 

(step 2 of Fig. 4.1).  Dashed boxes represent key variables used to determine NRCS primary management capacity.  The bold 

box represents the major output from this step.  Refer to Table 4.1 for descriptions of the threat indices used in this process.  

Refer to Table 4.2 for description of key inputs to the threat indices used in this process.  
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Figure 4.5.  Flow diagram depicting the process of determining total conservation cost and cost-benefit ratio for each 

watersheds in the study area (step 3 of Fig. 4.1).  Dashed boxes represent the three key variables used to estimate total 

conservation cost for each watershed.  The bold box represents the major outputs from this step.  Refer to Table 4.1 for 

descriptions of the outputs from this process.  
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Figure 4.6.  Map of predicted increase in lithophil abundance needed to shift watershed 

(as represented by stream segments) condition from „more‟ disturbed to reference 

condition for all stream segments <500 link magnitude in Hot Continental and Prairie 

Divisions of the Missouri River basin.  The abundance increase was estimated from 

models developed by Fore (Chap. 3). 
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Figure 4.7.  Map depicting total watershed conservation cost of improving fish 

assemblage condition from more disturbed to reference condition in stream segments in  

Hot Continental and Prairie Divisions of the Missouri River basin <500 link magnitude 

using the reduce soil disturbance conservation practice scenario.    
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Figure 4.8.  Map depicting total watershed conservation cost of improving fish 

assemblage condition from more disturbed to reference condition in stream segments in 

Hot Continental and Prairie Divisions of the Missouri River basin <500 link magnitude 

using the reduce sedimentation conservation practice scenario.
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Figure 4.9.  Map depicting total watershed conservation cost of improving fish 

assemblage condition from more disturbed to reference condition in stream segments in 

Hot Continental and Prairie Divisions of the Missouri River basin <500 link magnitude 

using the reduce disturbance and sedimentation conservation practice scenario. 
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Figure 4.10.  Map depicting watershed percentiles of the cost-benefit ratio in stream 

segments in Hot Continental and Prairie Divisions of the Missouri River basin <500 link 

magnitude for the reduce soil disturbance scenario.  The percentiles were calculated 

across both the Hot Continental and Prairie Division.  Refer Table 4.4 for the percentile 

values. 
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Figure 4.11.  Map depicting watershed percentiles in stream segments in Hot Continental 

and Prairie Divisions of the Missouri River basin <500 link magnitude of the cost-benefit 

ratio for the reduce sedimentation scenario.  The percentiles were calculated across both 

the Hot Continental and Prairie Division.  Refer to Table 4.4 for the percentile values.  
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Figure 4.12.  Map depicting watershed percentiles of the cost-benefit ratio in stream 

segments in Hot Continental and Prairie Divisions of the Missouri River basin <500 link 

magnitude for the reduce disturbance and sedimentation scenario.  The percentiles were 

calculated across both the Hot Continental and Prairie Division.  Refer to Table 4.4 for 

the percentile values. 
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Figure 4.13.  Map depicting watershed percentiles of the cost-benefit ratio in stream 

segments in Hot Continental and Prairie Divisions of the Missouri River basin <500 link 

magnitude for the reduce soil disturbance scenario.  The percentiles were calculated 

separately for the Hot Continental Division and Prairie Division.  Refer to Table 4.3 for 

the percentile values. 
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Figure 4.14.  Map depicting watershed percentiles of the cost-benefit ratio in stream 

segments in Hot Continental and Prairie Divisions of the Missouri River basin <500 link 

magnitude for the reduce sedimentation scenario.  The percentiles were calculated 

separately for the Hot Continental Division and Prairie Division.  Refer to Table 4.3 for 

the percentile values. 
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Figure 4.15.  Map depicting watershed percentiles of the cost-benefit ratio in stream 

segments in Hot Continental and Prairie Divisions of the Missouri River basin <500 link 

magnitude for the reduce disturbance and sedimentation scenario.  The percentiles were 

calculated separately for the Hot Continental Division and Prairie Division.  Refer to 

Table 4.3 for the percentile values. 
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