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ABSTRACT 

 
Sedimentation is an important variable influencing the complex physical and 

biological features of streams.  Hierarchical models of watershed characteristics, within 

third-order streams of the Osage River Basin in Missouri, were developed to identify 

linkages between watershed characteristics, stream sedimentation, and fish assemblages.  

The models aim to provide insights into both natural and anthropogenic variables 

associated with sedimentation, as well as the likely response fish assemblages would 

have to inputs of excess sedimentation from human activities.   A total of 36 sites was 

classified based on soil type and land-use variables previously shown to be associated 

with stream sedimentation.  Following classification, sites were sampled to define 

sediment and substrate composition.  A subset of sites (n=12), encompassing the range of 

sedimentation levels, was sampled to define fish-assemblage composition.  Results 

indicate soil classification of a watershed may predict the range of sedimentation and 

substrate composition in streams.  Both anthropogenic and natural-watershed variables 

relate to the degree of stream sedimentation.  Variables associated with increased 

sedimentation include increased percent cropland within a watershed, riparian width 

alteration, and cattle access to the stream.  Alternatively, variables negatively associated 

with sedimentation include percent forestland within a watershed, stream gradient, and 

riparian width.  Analysis of fish-sediment relations shows that varying levels of 

sedimentation were associated with fish assemblage composition.  This study identifies 

linkages on a system wide level and provides insights into the processes of stream 

sedimentation. 
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Chapter I - Introduction, Goals, and Objectives 
 

 

Introduction  

Soil erosion from runoff in the watershed during precipitation results in 

transportation of fine inorganic particles (< 2mm) in suspension (suspended sediments) 

and deposition when stream velocity slows (deposited sediments).  Geology, climate, and 

terrestrial characteristics of a stream’s watershed determine the deposited and suspended 

sediment levels in streams (Leopold et al. 1964, Estep and Beschta 1985, Allan and 

Johnson 1997).  These characteristics, in an undisturbed watershed, define the natural 

pattern of sedimentation to which the resident biota has adapted (Owens et al. 2005).  

Natural contributors to sedimentation, even those contributors leading to highly 

sedimented conditions, define the natural condition of a stream system from which the 

resident biota have adapted (Owens et al. 2005).  However, a change in sediment 

condition is often influenced by human activities (Instream Flow Council 2002) and with 

the addition of anthropogenic alteration to a watershed comes a response in the physical 

and biotic characteristics of stream systems (Fausch et al. 1984).  Natural inputs of 

sediment are important to understanding the processes of stream sedimentation but it is 

the anthropogenic inputs of sediment that are potentially deleterious to stream systems.  

Anthropogenic activities leading to sediment inputs to streams are considered to be 

“excessive” sediments and identifying their effects on biota is an important and 

challenging goal in stream management.  Excess sediment has been accepted as a 
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significant, if not the most significant, threat to the biological integrity of streams (The 

Wadeable Streams Assessment; USEPA 2007).    However, an understanding of the 

mechanisms defining watershed-sediment-biotic linkages is far from complete.   

Excess sedimentation comes in many forms and is a major pollutant in the waters 

of the United States (Waters 1995), affecting up to 38% of the streams and rivers in 

America (National Water Quality Inventory; USEPA 2000).  The Environmental 

Protection Agency (EPA) has deemed sediment the most significant pollutant in the 

waters of the United States (Clean Water Act Section 303(d); USEPA 2000).  The EPA 

has recently documented that 25% of America’s streams are characterized as being in 

poor biological condition when sediment levels deviate from regional “reference” 

conditions and that deposited sediments are 2.4 times more likely to produce poor 

biological conditions in streams when compared to other environmental stressors (The 

Wadeable Streams Assessment; USEPA 2007).  Despite the high level of concern, 

research identifying the linkages between watershed characteristics, sedimentation, and 

the physical and biological characteristics of Missouri streams remains in its infancy.   

 

Anthropogenic Sedimentation 
 

Various human activities can alter a stream’s sediment regime and cause detrimental 

effects to biota.  Agricultural landuse is positively correlated with fine sediment in 

Northwestern-coldwater streams (Mebane et al. 2003) and reduced buffer strips are 

associated with increased sedimentation in Missouri streams (Rabeni and Smale 1995) as 

well as in the Midwestern River Raisin watershed (Roth et al. 1996).  Urbanization was 

shown to alter a stream’s sediment regime in the Etowah River Basin in northern Georgia 
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(Walters 2003).   Road construction and logging significantly increased suspended 

sediment levels in Oregon (Beschta 1978).  Logging of the primarily forested Catamaran 

Brook Basin in New Brunswick, Canada showed an increase in deposited fine sediments 

(St-Hilaire et al. 2005).    These studies show the importance of watershed landuse on 

instream sedimentation.  

 

Effects of Sedimentation on Biota 
 

Effects of excessive suspended sediments on stream biota range from behavioral 

changes to lethal effects, based on the duration, concentration of exposure, and particle 

size (Newcombe and Jensen 1996).  Effects of suspended and deposited sediments vary 

based on species characteristics, due to differences in life-history requirements and food-

web characteristics of stream systems.  Local fauna has adapted to historic sediment 

regimes, subsequently leading to the development of species-specific tolerances to 

sedimentation.  Thus, changes in a stream’s sediment regime as a result of alteration to a 

stream’s reach, watershed, and regional characteristics can potentially induce biotic 

changes.  Deposited and suspended sediments alike have been shown to elicit a wide 

range of direct and indirect community effects by disrupting critical life-history 

requirements of biota.  

 

Suspended Sediments 

Direct effects of suspended sediments on fish have been identified in numerous 

studies.  Bruton (1985) found suspended sediments could affect fish species directly 

through reduced food visibility, clogging of gillrakers, altered feeding behavior, reduced 
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egg and juvenile survival, and reduced growth rates. Literature documenting suspended 

sediment effects on warm water fish have been summarized by Doisy et al. (2004) 

including growth in smallmouth bass, Micropterus dolomieu, (Sweka and Hartman 

2003), rainbow trout, Oncorhynchus mykiss, (Barrett et al 1992), and bluegill, Lepomis 

macrochirus, (Miner & Stein 1996).  Anthropogenic sediments derived from urbanization 

in Piedmont streams of the Etowah River basin in Georgia, were shown to homogenize 

fish communities (Walters et al. 2003).  Homogenization was attributed to both 

suspended and deposited sediments.  These studies show the direct influence suspended 

sediments can have on stream biota.  

 

Deposited sediments 

Deposited sediments may have direct detrimental effects on stream biota (Waters 

1995).  The diversity of stream fish were reduced with the increase of deposited siltation 

in northeastern Missouri streams (Berkman and Rabeni 1987).  In Anchorage, Alaska 

“the composition of streambed particles can have important effects on fish populations” 

as a result of species-specific spawning and feeding requirements (Whitman et al. 2003).  

Deposited sediments bury fish eggs and reduce embryo respiration and emergence in 

Pacific Southwest streams (Lisle and Eads 1991).  Rabeni and Smale (1995) showed the 

influence of deposited sediments on fish feeding and spawning guilds.  Herbivores, 

benthic insectivores, and simple lithophilous spawning guilds proved to be the most 

sensitive to sedimentation in Missouri streams.  In 4th to 6th order streams of the Pacific 

Northwest the Index of Biotic Integrity (IBI) for fish assemblages was negatively 

correlated with the presence of fine sediments (Mebane et al. 2003).  Atlantic salmon fry 
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were shown to have >80% survival when fine sediments were <8% (Peterson and 

Metcalfe 1981).  Increasing fine sediments to 12% reduced survival to <18% and 

percentage of fines >30% reduced survival to 0%.  A negative relationship between 

salmonids and sediment has been shown by Oswood and Barber (1982) in southeast 

Alaska, Newcombe and Jensen (1996) in fluvial British Columbian habitats, and Estep 

and Beschta (1985) in southeastern Alaskan communities.  These studies show the direct 

influence of deposited sediments in streams.  

Fine sediments can also have major indirect effects on fish assemblage structure.  

Increasing fine sediments reduced Colorado pikeminnow (Ptychocheilus lucius) 

populations in the Colorado River, through a decline in the macroinvertebrate community 

which serves as the prey base for the pikeminnow.  In this study the abundance of benthic 

insectivorous and herbivorous macroinvertebrates declined with increasing sediment, 

while total biomass and fish numbers were correlated to macroinvertebrates, detritus, and 

periphyton.  It was determined that the reduction of macroinvertebrate numbers, with 

increasing sediment, lead to a subsequent reduction in the local fish population 

(Osmundson et al. 2002).  Indirect influences of sedimentation were shown to be 

detrimental to a fish community, even though direct effects may not be present.  

   Sedimentation has also been shown to reduce macroinvertebrate species richness, 

densities and total biomass through the filling of interstitial spaces and alteration in 

feeding opportunities (Lemly 1982).  In Michigan sediment was found to be an important 

reach variable, when considering taxa proportions in macroinvertebrate communities 

(Richards et al. 1997).  Macroinvertebrates of the Ephemeroptera, Plecoptera, and 

Tricoptera (EPT) families were shown to be negatively correlated with sediment levels in 
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four Missouri streams (Zweig and Rabeni 2001).  Species of the EPT taxa were also 

negatively correlated with deposited sediments in the Chattooga River covering parts of 

Georgia, North Carolina, and South Carolina (Chiao and Wallace 2003). Chattooga River 

bio-monitoring currently omits deposited-sediment sampling and the response of EPT 

taxa to deposited fines shows that this monitoring is insufficient.  Osmundson et al., 

(2002) found “significant correlations between macroinvertebrates and sediment 

accumulation” as well as “a link between flow, sediment, and the riverine food web”.  

They showed a strong negative relationship between the biomass of invertebrate 

consumers and the level of deposited fine sediments.  These studies have shown that 

sedimentation can be detrimental to macroinvertebrate communities, which can 

subsequently lead to successive changes in the entire food web. 

Issue 

There is limited information on the type and gravity of human activities that 

contribute to sedimentation of streams.  As a scientific community we know little about 

when, how, and to what degree biotic assemblages respond to varying alterations of a 

stream’s sediment regime.  A better understanding of the linkages between watershed 

characteristics, stream sedimentation, and aquatic biota is a crucial component in 

establishing successful stream restoration.  Currently, it remains difficult to even 

qualitatively define a stream that has excessive amounts of sediment from one that has a 

natural amount.    Further complicating the matter is that numerous factors interact to 

define the transport, magnitude, and frequency of sediment input into streams.  Lack of 

standardization of methods to quantify deposited sedimentation has also contributed to 

our limited understanding of these processes.  Overall, the limited research attention, 
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complex associations, and difficulties in quantification have led to a slow progression in 

understanding the processes and problems associated with stream sedimentation.   

 

Goals 

1. Identify linkages among watershed characteristics, stream sedimentation, and fish 

assemblages within third-order streams of the Missouri Osage River Basin 

(MORB). 

2. Compare and contrast techniques used to evaluate suspended and deposited 

sediments in streams. 

Objectives 

1. Show associations among natural and anthropogenic watershed variables 

to stream sedimentation (Ch. 3), as well as associations of fish 

assemblages to stream sedimentation (Ch. 4). 

2. Compare assessments of techniques (embeddedness estimations, surface-

cover estimations, the Wolman pebble count, the Turner-Hillis deposited 

sediment sampler (DSS), and total suspended sediments) used to evaluate 

base-flow suspended and deposited sedimentation in the MORB streams 

(Ch. 6). 

3. Evaluate the efficiency of a new sampler (DSS) to quantify deposited-fine 

sediment and compare this technique to the commonly used evaluation 

method of surface-cover estimations (Ch. 7). 
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Hypothesized Hierarchy of Stream Sedimentation 

 

A model was developed to assess how watershed characteristics relate to stream 

sedimentation and how sedimentation relates to fish assemblages in third order streams of 

the MORB.  The model is based on previous work describing linkages among watershed-

stream systems (Leopold et al. 1964, Hynes 1975, Frissell et al. 1986, Poff 1997), 

landuse-stream sedimentation (Allan et al. 1997, Sutherland et al. 2002), and stream 

sedimentation-biotic communities (Berkman and Rabeni 1987, Doisy 1994, The 

Wadeable Streams Assessment; USEPA 2007).   

Sediment, fish assemblage, and physical-stream data were collected within third-

order streams of the Missouri Osage River Basin.  These data assess the relationships 

among watershed characteristics and stream sedimentation.  Fish assemblages were then 

compared to stream sedimentation to show associations among sedimentation, individual 

species, and fish assemblages.  Combining results of these analyses into hierarchical 

linkages will show how altering a stream’s watershed may influence a stream’s sediment 

regime and subsequently alter resident biota.  The hypothesis I will be discussing is a 

hierarchically nested model of stream sedimentation (Figure 1) beginning with the 

assumption that soil characteristics of a stream’s watershed are associated with the range 

of sedimentation in MORB streams (Ch. 3).  Watershed soils are a function of higher-

level variables including historical land development, regional climate, and geologic 

weathering through time (Leopold et al. 1964, Birkeland 1984, Estep and Beschta 1985, 

Allan and Johnson 1997). These variables represent the deterministic factors of soil 

formation and for this study variation in watershed soil characteristics are assumed to 

represent the numerous variables influencing watershed soil development.  Soil 
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characteristics used to assess the model assumption are soil texture (percent coarse-

textured soils) in the watershed and soil permeability (percent of the hydrologic group) in 

the watershed.  These variables have previously been shown to influence sedimentation 

(Doisy et al. 2005) and were readily available in GIS data layers from the Missouri 

Resource Assessment Partnership (MORAP). The second level of the hierarchy assumes 

that watershed characteristics of elevation, watershed gradient, stream slope, landuse, and 

riparian condition are associated with the degree of sedimentation within the range 

associated with varying soil characteristics (Ch. 3).  Level three of the hierarchy assumes 

that stream sedimentation, both in suspension and deposition, define the physical 

conditions from which the resident biota have adapted and thus are associated with fish-

assemblage composition (Ch. 4).  Evaluation of this hypothesized model will show the 

linkages between watershed characteristics, stream sedimentation, and fish assemblages 

within third-order streams of the Missouri Osage River Basin. 

 

 

 

 

 

 

 

 

 

 



 

 

 

Figure 1.  A hypothesized nested hierarchy 
sedimentation, and biotic characteristics of streams.  The first two levels of the hierarchy 
are nested within one another and the red arrows show the hierarchical process of these 
relationships. 
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ypothesized nested hierarchy showing the linkages between the watershed, 
sedimentation, and biotic characteristics of streams.  The first two levels of the hierarchy 
are nested within one another and the red arrows show the hierarchical process of these 

1) Soils are associated with the 
range of substrate and sediment 

conditions in MORB streams 
(Ch.3).

-Coarse Texture

-Permeability

2) Watershed characteristics, within 
soil classifications, are associated 

with the degree of sedimentation in 
streams (Ch.3).

-Elevation    -Gradient    -Slope

-Landuse     -Riparian Condition

3) Sedimentation is associated 
with physical substrate 

conditions (Ch.4).

-Suspended Sediments

-Deposited Sediments

4) Resident biotic 
assemblages are 

associated with these 
conditions (Ch.4).

 

the linkages between the watershed, 
sedimentation, and biotic characteristics of streams.  The first two levels of the hierarchy 
are nested within one another and the red arrows show the hierarchical process of these 



11 
 

 

Conclusion-Chapter I 

 Suspended and deposited sediments in streams can produce a multitude of biotic 

responses.  Changes in a watershed’s landuse can produce a subsequent change in a 

stream’s sediment regime.  Major changes to the watershed’s landuse are inevitable with 

the increasing human population and expected growths will only further this trend.  

Landuse changes in the MORB are no exception when considering that only a tiny 

fraction of the once dominant prairie still exists.  These prairies have been converted for 

various agricultural uses and are a major source of revenue in the basin.  It would be 

extremely optimistic to expect a significant return of the pre-settlement prairies to return 

the basin to a more natural state.  Alternatively I aim to describe significant watershed-

level contributors to stream sedimentation and pinpoint the levels of sedimentation in 

which fish assemblages begin to change.  These relations will show considerations that 

can be addressed to limit the effects of anthropogenic sedimentation in MORB streams.      

 
 

Chapter II - Study Area 
 
 

 

Summary 

This study is funded as part of a larger project focused on restoration of aquatic 

resources in the MORB.  Within this basin anthropogenic activities are known to alter 

stream sedimentation but the degree of inputs are unknown and thus, definition of these 
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inputs is needed to develop a plan of action for future management.  Completion of this 

project will help identify areas of focus for management aimed at reducing excess 

sedimentation in streams of the MORB.   

The overview of the anthropogenic changes, stream impacts, and ichthyological 

concerns of the MORB show that there have been major alterations to the basin as a 

byproduct of human settlement.  These alterations lead to both point and non-point 

sources of stream degradation which has been cited as contributors to reduced water 

quality within the basin (Missouri Department of Conservation 2001).  Forms of 

degradation in the MORB, resulting from anthropogenic change, include water-chemistry 

changes, sedimentation, hydrologic alteration, and changes in habitat availability 

(Missouri Department of Conservation 2001).   

 

Osage River Basin 

 The Osage River Basin is located in mid-western Missouri and extends into 

eastern Kansas; however this study is limited to the section of the Osage River Basin 

within Missouri. The Missouri Osage River Basin (MORB) encompasses about 27,800 

km2 and covers part of the Central Plains and Ozarks subregions.  An excellent historical 

overview and description of current conditions of the MORB has been compiled by the 

Missouri Department of Conservation (Missouri Department of Conservation 2001).  The 

following description of the study area is an overview of this report.  The six subbasins 

that make up the Osage River drainage are the Grand River Basin, Sac River Basin, 

Pomme de Terre River Basin, East Osage River Basin, West Osage River Basin, and 

Niangua River Basin (Figure 2). 
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Figure 2.  Missouri Osage River Basin broken into its major sub-drainages. 

 

Grand River 
 

The Grand River drains 5,300 km² and empties into Harry S. Truman Reservoir near 

Clinton, MO.  Population density is 21 people/km² and has a mean-annual precipitation 

of 104 cm.  Historical landcover was mostly prairie with oak savanna in the uplands and 

oak woodlands in the bottomlands (Figure 3. A).  Today the basin is primarily grasslands 

(41%), cropland (29%), and forestland (16%) (Figure 3. B).  Anthropogenic impacts on 

streams in this drainage include channelization, sedimentation, and pollutants from 

agriculture runoff.   Of the 60 species documented in the basin the hornyhead chub 

(Nocomis biguttatus) and emerald shiner (Notropis atherinoides) have not been collected 
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in recent sampling.  Common carp (Cyprinus carpio) and western mosquitofish 

(Gambusia affinis) have been introduced to the basin through stocking.  The basin does 

not contain any species of conservation concern (Missouri Department of Conservation 

2001).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

A.                                                                B.

Figure 3.  Landuse of the 
A represents the pre-settlement land cover conditions (MDC 2001) and figure B 
represents the land cover conditions as of 2007. 
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A.                                                                B. 

.  Landuse of the Grand River Basin sub-basin of the Osage River Basin.  
settlement land cover conditions (MDC 2001) and figure B 

represents the land cover conditions as of 2007.  

 

 

 

basin of the Osage River Basin.  Figure 
settlement land cover conditions (MDC 2001) and figure B 
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Sac River 

The Sac River drains 5,130 km² and large sections of the main stem have been 

inundated by Stockton Lake and Harry S. Truman Reservoir.  Human population is 16 

people/km² and has a mean precipitation of 102 cm annually.  Pre-settlement landcover 

was mainly prairie (40%), glades, savannah, and oak-hickory forests.  Today's landuse is 

mostly hay harvest and cattle grazing (56%), forestland (30%), and cropland (7%) 

(Figure 4).  Human alterations to streams of the drainage include sewer-treatment plants, 

Concentrated Animal Feeding Operations (CAFO's), streambank erosion, urbanization, 

and mining.  To date 89 species of fish have been identified in the Sac River drainage.  

Species of conservation concern within the basin are the least darter (Etheostoma 

microperca), Niangua darter (Etheostoma nianguae), southern brook lamprey 

(Ichthyomyzon gagei), and the blacknose shiner (Notropis heterolepis).     
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Figure 4. Map showing the current land use conditions of the Sac River sub-basin of the 
Osage River Basin.  In the center of the map the impounded region of Stockton Lake is 
indicated in blue.  The alterations of land use within the watershed are evident in the 
absence of prairie in today’s watershed.  Prairies once covered 40% of the watershed and 
have since been converted for agricultural uses.   

 

Pomme de Terre River 
 

The Pomme de Terre River drains 2,175 km², is impounded into Pomme de Terre 

Lake upstream of Hermitage, and empties into Harry S. Truman Reservoir.   Mean 

precipitation is 109 cm annually.  Pre-settlement land cover was grass-covered 

woodlands, bottomland forest, and post oak savannah.  Present landcover is mainly 

grasslands (50%) and forestlands (40%) (Figure 5).  Grasslands are used for dairy cattle, 
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beef cattle, and hay production.  Anthropogenic alterations to streams include sewage 

treatment plants, agriculture runoff, and cattle access to streams.  The Pomme de Terre 

fish samples have identified 83 species of fish.  Fish species of conservation concern are 

the Niangua darter, blacknose shiner, and the mooneye (Hiodon tergisus).  

 

Figure 5. Map showing the current land use conditions of the Pomme de Terre sub-basin 
of the Osage River Basin.  The Pomme de Terre Reservoir is located near the center of 
the basin and is shaded in blue.  Below the Pomme de Terre reservoir the river continues 
until it empties into Harry S. Truman reservoir at the most northern end of the basin. 
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East Osage River 
 

The East Osage River Basin drains 6,410 km², is impounded into the Lake of the 

Ozarks, and empties into Harry S. Truman Reservoir near Warsaw.  Population is 39 

people/km² and mean precipitation is 109 cm annually.  Pre-settlement landcover was 

prairie, savannah, glade, and forest.  Currently, landuse is primarily forestland (55%) and 

grassland (34%) (Figure 6).  Cropland and urban areas constitute less then 5% of the 

current landuse of the East Osage River basin.  Anthropogenic alteration of streams 

include impoundments, riparian degradation, channelization, urbanization, sedimentation, 

CAFO’s, and gravel mining.  One hundred and two fish species have been identified of 

which 15 are listed as species of conservation concern.  These include: blacknose shiner, 

ghost shiner (Notropis buchanani), western silvery minnow (Hybognathus argyritis), 

plains topminnow (Fundulus sciadicus), least darter, bluestripe darter (Percina 

cymatotaenia), and Niangua darter.  Exotic species are bighead carp 

(Hypophthalmichthys nobilis), common carp, goldfish (Carassius auratus), spotted bass 

(Micropterus punctulatus), and western mosquitofish.   
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Figure 6.  Map depicting the current land use of the East Osage River sub-basin of the 
Osage River Basin.  The impounded section of the Osage main stem into the Lake of the 
Ozarks is indicated in blue. 

 

West Osage River 
 

The West Osage River Basin covers 7,265 km² in Missouri and 62% of the river 

is impounded by Harry S. Truman and the Lake of the Ozarks reservoirs.  Mean 

precipitation is 98 cm annually and human population is 18 people/km².  Pre-settlement 

landcover was tall-grass prairie and oak-hickory forests.  Present day landuse is primarily 

agriculture (78%) and forestland (20%) (Figure 7).  Current, agriculture landuse 

encompasses row crops, pasture, hay fields, cattle, and swine production.  Anthropogenic 

degradation of streams include cattle production, mining, inadequate riparian condition, 

channelization, and sedimentation from agricultural runoff.    There have been 87 fish 
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species documented within the West Osage River Basin.  Species of conservation 

concern are mooneye, blacknose shiner, ghost shiner, and paddlefish (Polyodon 

spathula).  Exotic species are common carp, western mosquitofish, spotted bass, goldfish, 

and grass carp (Ctenopharyngodon idella). 

 

Figure 7. Map depicting the current land use of the West Osage River sub-basin of the 
Osage River Basin.   

 

 

Niangua River 
 

The Niangua River Basin encompasses 2,694 km² with the lower section 

inundated by the Lake of the Ozarks reservoir.  Mean precipitation is 106 cm annually 

and has a population of 13 people/km².  Pre-settlement landcover was a mix of prairie, 
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savannah, and forestland.  Current landuse consists of cropland (51%), pastureland 

(39%), and forestland (9%) (Figure 8).  Anthropogenic degradation of the streams 

includes sewage treatment plants, agricultural runoff, septic systems, streambank erosion, 

and riparian condition. The Niangua River Basin has 99 documented fish species.  Small 

bodied stream fish of conservation concern are blacknose shiner, plains topminnow, least 

darter, Niangua darter, and the bluestripe darter.  Exotic species introduced to the basin 

are threadfin shad (Dorosoma petenense), spotted bass, and rock bass (Ambloplites 

rupestris). 

 

Figure 8. Map depicting the current land use of the Niangua River sub-basin of the Osage 
River Basin.   
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Chapter III - Watershed-Sediment Linkages 
 

 

 

Introduction  

Natural and anthropogenic watershed characteristics are hypothesized to be 

associated with the degree of stream sedimentation.  Associations among watershed 

characteristics and stream sedimentation are also hypothesized to vary based on soil 

properties of the watershed.  The objective of this study is to evaluate evidence for this 

hypothesis by comparing associations of natural factors (watershed slope, watershed size, 

stream gradient) and anthropogenic factors (landuse, riparian width and composition, 

human disturbance, and cattle access to the stream) to levels of stream sedimentation.  

Similar changes in watersheds with different soil classifications would hypothetically 

produce different inputs of sediment to streams.  For example, consider two hypothetical 

watersheds; one with coarse, well-drained soils and the other with non-coarse, well-

drained soils.  Assume both are heavily forested and the associated stream has an 

undisturbed riparian zone.  If both watersheds are altered equally by a change from 

forestland to cropland and the riparian width is minimized, would both streams have 

equal inputs of fine sediments?  I contend that they would not and will support this 
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statement by evaluating the first two hypotheses of the proposed hierarchy of 

sedimentation outlined in Chapter I.   

Study Area 

The Osage River Basin is located in mid-western Missouri and extends into 

eastern Kansas; however this study is limited to the section of the Osage River Basin 

within Missouri. The Missouri Osage River Basin (MORB) encompasses about 27,800 

km2 and covers part of the Central Plains and Ozarks subregions.  The six subbasins that 

make up the Osage River drainage are the Grand River Basin, the Sac River Basin, the 

Pomme de Terre River Basin, the East Osage River Basin, the West Osage River Basin, 

and the Niangua River Basin (Figure 9).  Within this basin anthropogenic activities are 

known to alter stream sedimentation but the degree of inputs are unknown and thus, 

definition of these inputs is needed to develop a plan of action for future management 

(Missouri Department of Conservation 2001).  Forms of degradation in the MORB, 

resulting from anthropogenic change, include water-chemistry changes, sedimentation, 

hydrologic alteration, and changes in habitat availability.  Completion of this project will 

provide the definitions of sedimentation needed to identify areas of focus for 

management in streams of the MORB.   
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Figure 9.  Missouri Osage River Basin broken into its major sub-drainages. 

 

Experimental Design and Methods (Objective I) 

Site Selection 
 

To provide a comprehensive evaluation of sedimentation, a group of sites was 

selected that encompass the range of sedimentation levels in the MORB.  Selecting sites 

consisted of classifying stream segments with ArcGIS data layers provided by MORAP.  

Data layers were produced from the 1:100,000 National Hydrography Dataset to 

distinguish segment-specify characteristics and is described in detail by Doisy et al. 

(2005).  Stream classifications designed to show associations among watershed and 
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stream sedimentation in the MORB, were generally based on watershed-level variables 

that have shown linkages to sedimentation in previous work (Doisy et al. 2005).  

Variables used for classification were stream size (3rd order), percent coarse-textured 

soils in the watershed (< 30% and > 70%), percent hydrologic groups B and D (soil 

permeability), and percent land use of forest, pasture, and cropland.  Sampled streams 

were limited to those of third order to reduce confounding effects stream size can have on 

stream sedimentation (Whiteside and Mcnatt 1972, Gorman and Karr 1978, Schlosser 

1982, Hughes and Gammon 1987, Sutherland et al. 2002).  Third order streams were 

selected over smaller streams because they are more likely to have permanent flows, 

making the sampling duration required for this study logistically feasible.  Third order 

streams were selected over larger systems for 3 reasons: 1) third order streams represent a 

larger proportion of stream miles in the basin when compared to larger systems, 2) the 

fewer numbers of larger streams in the basin were less conducive to a spatial assessment 

of sedimentation in the MORB, and 3) lateral watershed management of sedimentation is 

likely to be more effective in smaller systems given the greater longitudinal influence on 

sedimentation as stream orders increase.       

Within 3rd order streams, sites were selected based on dominant soil and landuse 

characteristics of the watershed.  Soil classifications consisted of varying degrees of 

percent coarse-textured soil and percent hydrologic-soil groups within the watershed of 

each stream segment.  The percent of coarse-textured soil in each watershed was divided 

into two categories: watersheds dominated by coarse-textured soils (CTS, >70 % coarse 

textured soils) and watersheds dominated by non-coarse-textured soils (NCTS, > 70% 

non-coarse textured soils).  Major hydrologic soil groups present within the Osage River 
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Basin are B, C, and D.  Hydrologic group B is characterized by moderate infiltration and 

is well drained with moderate transmission rates (Miller and White 1998).  Hydrologic 

group D is characterized as having very slow infiltration, nearly impervious drainage, 

clay soils, and very slow rates of transmission (Miller and White 1998).  Hydrologic 

group C were omitted to reasonably narrow the number of sampled sites, while still 

allowing the assessment of overall range of soil conditions.  Classification of a segment 

as being dominated by hydrologic group B (HGB) or D (HGD) meant that the soil group 

was present in > 70% of the watershed.  Dominance of > 70% of these soil properties 

ensured that these properties were dominant and that a sufficient number of streams was 

available for selection.  Three combinations of the two texture categories and three 

hydrologic soil groups were included within the sites.  The combinations included are, 

watersheds dominated by coarse-textured hydrologic-group B soils (coarse textured-

hydrologic group B), watersheds dominated by non-coarse textured hydrologic-group B 

soils (non-coarse textured-hydrologic group B), and watersheds dominated by non-coarse 

textured hydrologic-group D soils (non-coarse textured-hydrologic group D).  Each of 

these combinations (coarse textured-hydrologic group B, non-coarse textured-hydrologic 

group B, and non-coarse textured-hydrologic group D) was further divided into dominant 

landuse bringing the total combinations to eight (Table 1).  Landuse categories were 

forestland, cropland, and pastureland.  Maximum percent of each landuse, within each 

soil combination, accounts for the range of land uses in the MORB.  Urban development 

was omitted due to the minimal presence of this landuse.  Of the stream segments 

meeting the soil classifications, the maximum percentage of urban land in a watershed 



28 
 

was 9% and < 10% of the stream segments had more than 1% urban land in the 

watershed.   

 

Table 1.  Schematic of the sampling design for sediment and fish assessment, including 
acronyms used in the text.  Watersheds dominated by soil textures and hydrologic groups 
are defined as those having >70% of these variables in each individual watershed.  The 
percentages below each land use depict the percentage limits represented in each 
watershed, for each soil classification.  Landuse percentages vary because the range of 
each landuse varied from one soil classification to the next. 

 

 

When choosing a reach to sample, the first step was to select a starting point.  

Within each stream segment all road crossings were considered viable access points and 

the crossing with safe access and landowner permission was chosen as an acceptable 

stream access.  Downstream border of each reach was located by walking upstream until 

alteration of the stream channel caused by the road crossing was visually undetectable.  

Thirty sites were sampled (Figure 10) and characterized to the degree of sedimentation 

from May 2006 through August 2007.   

Osage River Basin 
Coarse Textured 

Soils (CTS) 
>70% 

Non-Coarse Textured Soils (NCTS) 
>70% 

Hydrologic Group B 
(CHGB) 

Hydrologic Group B 
(NHGB) 

Hydrologic Group D 
(NHGD) 

Forest 
>70% 

Pasture 
>65% 

Forest 
>60% 

Pasture 
>65% 

Crop 
>20% 

Forest  
>20% 

Pasture  
>70% 

Crop 
>45% 

n = 4 n = 4 n = 5 n = 5 n = 3 n = 3 n = 3 n = 3 
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Figure 10.  Map indicating the sampled sites within the MORB.   

 

Reach Determination 

At each site a reach of 40 times the mean wetted stream width was established.  

Reach determination was based on a procedural option (proportional-distance 

designation) used in the United States Environmental Protection Agency’s Rapid 

Bioassessment Protocol for Wadeable Streams (Barbour et al. 1999).  Mean wetted width 
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was determined by taking the average of at least 5 wetted-width measurements 

representing at least one measure from each available habitat (riffle, run, and pool).  

Standardizing reach lengths, limits reach specific variation in stream size to negligible 

levels.   

 

Sediment Sampling 

 

Deposited Sediment 
 

Three techniques were used to sample deposited sediment and overall bed 

classification at each site.  Multiple measurements of sediment were used, due to the 

differing strengths of each technique and the potential for a single measurement to 

inadequately quantify sediment composition (Young et al. 1991).  Sampling techniques 

were 1) percent of substrate embedded in fines, 2) Wolman pebble count, and the 3) 

Turner-Hillis deposited sediment sampler (described in Chapter 7).   

  Embeddedness estimations determine the extent to which particles on the stream 

bed are embedded in fine sediments.  One estimator chose several random particles, 

within the surface-cover estimate plot, and an estimate was made of the percentage of 

each particle surrounded by fine sediments (Doisy et al. 2005).  Embeddedness break is a 

change in particle coloration from dark to light and the presence of fines surrounding the 

particle.  These estimates are recorded in quartile categories of 0-25%, 26-50%, 51-75%, 

and 76-100%.  In each individual riffle, run, and pool habitat at each site, three equally 

spaced embeddedness estimates were made at three equally-spaced transects (min. 12 

transects/site).  Transects were set at 25%, 50%, and 75% of the habitat length and 
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estimations were made at 25%, 50%, and 75% of the width of each transect. To insure 

equal representation, habitats that represented a large proportion of the reach received 

additional measurements (i.e. large pools).  

Wolman pebble-count measurements were taken along transects spaced seven 

meters apart over the entire reach.  Equally spacing transects provides a systematic 

measure that proportionately represents the available habitat and thus the streambed at 

each site.  Wolman pebble count provides a measure of the particle-size distribution of 

the streambed.  Transects were established and a channel particle was selected and 

measured at a designated interval along each transect.  Particle sizes were determined by 

the hand-held particle-size analyzer (US-SAH97).  This analyzer reduces operator 

variability and has effectively produced comparable particle size distribution analysis 

(Potyondy and Bunte 2002).  A total of ten particles were selected and measured at 

evenly-spaced intervals along each transect.  This allowed for the measurement of 100+ 

particles at each site which is recommended by Bain and Stevenson (1999).  One 

individual selected a particle by lowering his pointer finger at each equally spaced 

interval along each transect and recovered the first particle contacted (modified from 

Bain and Stevenson (1999) and Wolman (1954).  The selecting individual refrained from 

looking at the stream bed before particle selection to avoid any observational biases.   

 The DSS samples were taken along 15-20 transects, divided proportionately to the 

area of each habitat type.  These transects were spaced equidistantly in each habitat 

(riffle, run, and pool) and one DSS sample was taken at a random point along each 

transect.  This allows for random sampling that represents available habitat and thus 

provides a valid estimate of the mean volume of deposited sediment at each site.  
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Proportion of samples taken in each individual habitat was estimated to avoid disturbing 

the deposited sediments before sampling.  In each individual habitat, transects were 

equally spaced based on the number of samples and the length of the habitat.  Laboratory 

procedures followed the techniques used in Doisy et al. (2005).  Techniques, 

abbreviations, and definitions of deposited sediments measures used in analysis are 

provided in Table 2. 

 

Suspended Sediment 
 

Samples were taken using the Equal Width Interval (EWI) technique (Nolan et al. 

2005).  The EWI accounts for variability in sediment transport, through standardizing 

variations in current flow and water depth.  The manual depth-integrated suspended-

sediment water sampler was used for collection of suspended sediments when using the 

EWI method.  In areas lacking flow the EWI method and the US DH-81 are not 

applicable.  Alternatively, in these areas grab samples were taken in the middle of the 

stream at about 50% of the water depth.  Standardization was accomplished by lowering 

the US DH-81 sampler at a constant rate and through the capture of water isokenetically, 

variation in flow and depth are eliminated.  This technique is applicable in habitats with 

flow and >30 cm of water depth.  Power analysis of preliminary data showed that 7 

samples per site were needed to provide statistical significance, therefore to err on the 

side of caution a total of 10-15 individual samples were taken at each site and the samples 

were collected about equidistant from one another moving downstream to upstream.  The 

distance between samples was estimated to avoid suspending deposited sediments as a 

result of walking through the stream and thus producing a false measurement.   
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Total-suspended solids (TSS) were determined in the laboratory following the 

Standard Methods protocol (APHA 1995) of filtration and ash drying.  Samples were 

heated to 550˚C to burn off organic materials, leaving milligrams of inorganic sediment 

per milliliter of water in each sample.  Nephelometric turbidity units (NTU) were 

measured using a Hach turbidity meter.  Techniques, abbreviations, and definitions of the 

suspended sediments measure are provided in Table 2. 

 

 
Table 2.  Definition of the measured variables and identification of the associated 
technique used to evaluate these variables.  An abbreviation used for each variable in 
analysis is also provided. 

 
Technique Abbreviation Definition 

Wolman Pebble Count 

HP Percent composition of hardpan 
Silt Percent composition of silt 

Sand Percent composition of sand 
TotalFns Percent composition of total fine sediments 
Snd_FG Percent composition of large sand (> 2mm) and fine gravel 

CG Percent composition of coarse gravel 
CB Percent composition of cobble 
SB Percent composition of small boulder 
BR Percent composition of bedrock 

Turner-Hillis Deposited 
Sediment Sampler 

DSSSilt Volume of silt (ml/179.5 cm2) 
DSSSand Volume of sand (ml/179.5 cm2) 
DSSTotal Volume of total fine sediments (ml/179.5 cm2) 

Suspended Solid (EWI and 
Grab Samples 

TSS Ash weight of suspended solids (mg/l) 

Embeddedness Estimation EMBScr Embeddedness of streambed substrates 
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Additional Variables 

 Water velocity at each site was measured with the use of a flow rod and a Marsh-

McBirney flow meter.  Measured velocities and channel cross section were converted 

into a measure of base-flow discharge.  Discharge measurements were taken in run 

habitats that most closely resembled an unobstructed “U” shape.  Flow rods take a 

measurement at 60% of the water depth and 15-20 measurements are taken across the 

selected transect.  This technique accounts for cross sectional flow and depth, giving a 

measurement of discharge. 

The width and composition of each stream’s riparian zone were estimated at the 

borders and midpoint of each reach (modified from the EMAP protocol, Kaufmann and 

Robison 1998).  Soil properties of percent coarse-textured soils and percent hydrologic 

soil group (B and D), from GIS data layers, were used to define the soil conditions of 

each sampled streams watershed.  Land use of each stream’s watershed was defined by 

GIS layers into percent urbanization, pastureland, forestland, and cropland.  Urbanization 

was assessed to account for influences minimal urbanization may be having on 

sedimentation.  Cattle access to the stream was assessed as any visual evidence cattle are 

accessing the sampled reach and were recorded as a “yes” or a “no”.   Human disturbance 

within the stream banks was defined as the presence of any human activity within the 

stream banks of the sampled reach. 

Topographic characteristics, from MORAP GIS layers, of each stream’s 

watershed were defined by the watersheds minimum and maximum elevation, minimum 

watershed slope, and stream gradient.  Watershed size was defined by the area (km2) of 

each stream segments watershed and stream size was characterized by the D linkage and 
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Shreve linkage.  Influences of springs to each stream were also defined.  These 

characteristics were derived from the same GIS data layers that contained landuse 

information and were provided by MORAP.  

 

Data Preparation 

Site means for TSS and the volume of silt, sand, and total-fine sediment values 

(DSS) were calculated by averaging all samples from each site.  It was not necessary to 

standardize by habitat type when preparing this data, as the sampling design was set up to 

account for available habitats (riffle, run, and pool) proportionate to the area of each 

habitat within the sampled reach.   

The level of embeddedness at each site was represented as a single index score.  

Field estimation of embeddedness was recorded based on four categories: 1=0-25%, 

2=26-50%, 3=51-75%, and 4=76-100%.  Using the categorical mean or frequency of 

these categories limits the description of site embeddedness as a whole, so I developed an 

index score that provides additional information.  The equation used to calculate this 

index is presented below. 

 

����� ��	
� � ��������� �����	
� � 50% � ��100 � % 	� ��� �������� �����	
� � 50% 
100 ! 

 

“Cumulative category > 50%” represents the embeddedness category that 

accounts for more then 50% of the samples taken in each stream.  For example, consider 

a stream with 100 embeddedness samples of which 20 samples were category 1 (0-25% 

embedded), 45 were category 2 (26-50% embedded), 20 were category 3 (51-75% 
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embedded), and 15 were category 4 (76-100% embedded).  The “cumulative category > 

50%” for this stream would be 2, because addition of the first two categories accounts for 

> 50% of the samples.  Cumulatively these categories add to 65 (% of the cumulative 

category > 50%), so the remainder of the equation equals (100 – 65)/100 or 0.35.  The 

score for this site would equal 2 + 0.35 or 2.35. A score of 2.35 is interpreted as the 

majority of the streambed (>50%) being embedded ≤ category 2 (26-50% embedded) and 

35% of the bed being embedded at a level > category 2 (26-50% embedded).            

 

 

Statistical Analysis 

Are Soils Associated with the Range of Substrate and Sediment Conditions in 

Streams? 
 
 Techniques used to evaluate relations of soils to channel substrate and sediments 

were graphical comparisons of means and ranges using Microsoft Office Excel 2007 

(Excel 2007) and Detrended Correspondence Analysis (DCA) in PC-ORD.  Watersheds 

were organized into three groups, based on soil characteristics: 1) those dominated by 

coarse textured hydrologic B soils, 2) those dominated by non-coarse textured hydrologic 

group B soils, and 3) those dominated by non-coarse textured hydrologic group D soils.  

All sampled sites, within each group, were used to calculate the mean percent 

composition and range of each individual measure (Figure 12).   

Detrended Correspondence Analysis was used to examine the relations among 

soil properties and substrate and sediment measures (Figure 13).  Detrended 

Correspondence Analysis generates a pair of coordinates representing the composition for 
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each site (represented in this case by substrate and sediment measures) and the geometric 

distance between points on a plot of DCA coordinates is proportional to the degree of 

dissimilarity in composition between each of the sites included in analysis.  Ordination 

results were taken a step further by relating positions of sites on the ordinations (X and Y 

scores) to gradients of differences in various environmental factors.  A chi-square 

distance measure is used to define similarity of the plotted sites.   

 

Do Watershed Characteristics Influence Stream Sedimentation Within Soil 
Conditions? 

 
 Spearman’s rank correlation coefficient was used to define the substrate and 

sediment variables (Table 2) that were significantly (" ≤ 0.05) associated with watershed 

characteristics.  Correlation coefficients were produced from SAS Analyst 9.1.  Non-

linear interactions were explored using Decision Tree Analysis in Answer Tree 3.0 which 

can be used to find significantly different groups in data.  Decision Tree was developed 

as a modeling tool and increases in applicability as sample sizes increase.  My data set 

was not large enough to use Decision Tree as a modeling tool but was used to find 

significant breaks in the data.  The Exhaustive CHAID method (Biggs et al. 1991) was 

used based on its strength in defining non-binary splits in data (SPSS 1999).  This method 

finds the best spilt among a group of predictor variables, then subsequent splits within the 

first, until stopping rules are met.  An individual tree is built for each significant group in 

the data.  All substrate and sediment variables were compared to all watershed variables 

with an alpha ≤ 0.05 splitting threshold.  An example is provided to explain the results of 

these analyses (Figure 11).  The title “Silt” represents the sediment measure being 

analyzed.  Node 0 describes the overall mean, standard deviation, number and percent of 
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sites in the node, and the predicted mean of silt in all the sites included in analysis.  

Predicted mean values are appropriate when this technique is used for modeling but when 

used to find significant groups this value is irrelevant.  The split label “Min Rip Dist” is 

the variable that produces a significant break in silt levels between the sites and the 

associated adjusted P-Value, F Test, and degrees of freedom are listed.  Individual split 

labels of “<=0” and “>0” show the breaks in the significant variable (Min Rip Dist) that 

produce significant differences in levels of silt.  The Nodes associated with each spilt 

describe the characteristics of each significant split.  In this example the output is 

interpreted as a minimum riparian width of 0 having a mean of 6% silt while a riparian 

width > 0 is associated with a mean of 2.5% silt.   

 

Figure 11.  Example of the output of a decision tree model produced by Answer Tree 3.0.   
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Results 

Soil classification 
 

Sites (n = 7) in watersheds dominated by coarse textured- hydrologic group B 

soils had the widest range in proportions of coarse gravel and cobble, and the narrowest 

range of fine gravel, sand, and silt proportions (Figure 12: A).  Sites (n = 11) in 

watersheds dominated by non-coarse textured- hydrologic group B soils had the widest 

range of silt, sand, and total-fine sediment proportions (Figure 12: B).  Sites (n = 7) in 

watersheds dominated by non-coarse textured-hydrologic group D soils had the widest 

range of fine gravel and hardpan proportions, while having an intermediate range of silt 

and fine sand. (Figure 12: C).  Hardpan is defined as a dense layer of soil that is 

impervious to water. 

The range of silt volume (DSS) was narrowest in sites with watersheds dominated 

by coarse textured-hydrologic group B soils (Figure 12: F).  The non-coarse textured-

hydrologic group B and non-coarse textured-hydrologic group D watersheds produced 

similar ranges of silt volume (DSS) in the sites.  Sand and total fine-sediment volume 

(DSS) had the narrowest range in watersheds dominated by coarse textured-hydrologic 

group B soils, widest range in non-coarse textured-hydrologic group B watersheds, and 

intermediate range in non-coarse textured-hydrologic group D watersheds.   

The narrowest range of suspended sediments was recorded in sites with 

watersheds dominated by coarse textured-hydrologic group B soils (Figure 12: E).  Sites 

in watersheds dominated by non-coarse textured-hydrologic group D soils had an 

intermediate range of suspended sediments and sites in watersheds dominated by non-

coarse textured-hydrologic group B soils had the widest range of suspended sediments.  
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The narrowest range of embeddedness scores was represented in the sites with 

watersheds dominated by coarse textured-hydrologic group B soils (Figure 12: D).  

Ranges in watersheds dominated by non-coarse textured-hydrologic group D soils and 

non-coarse textured-hydrologic group B soils were similar.   

These results show that sites in watersheds dominated by coarse textured-

hydrologic group B soils had the widest range of large substrates, moderate range of 

sand, and little silt or suspended solids.  In watersheds dominated by non-coarse textured-

hydrologic group B soils, sites had low ranges of large substrates whereas ranges of silt, 

sands, and suspended measures were widest and highly variable in these systems.  

Watersheds dominated by non-coarse textured-hydrologic group D soils also had limited 

large substrates while silt, sand, and suspended solids had medium ranges when 

compared to the other two classifications. 
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E 
 

 
 

F  

 
 

Figure 12.  Plots of sediment and substrate based on the mean and range measured within 
each soil classification.  Blue markers represent the minimum, gray bars the mean (coarse 
textured-hydrologic group B, n = 7; non-coarse textured-hydrologic group B, n = 11; 
non-coarse textured-hydrologic group D, n = 7), and red markers represent the maximum 
levels sampled.  
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 Detrended-Correspondence Analysis showed associations of soil classification 

with substrate composition, fine-sediment measures, and soil characteristics (Figure 13).  

Sites with similar watershed-soil classifications were grouped together with minimal 

interspersion.  Axis 1 and 2 of the DCA ordination represent a gradient from large to 

small substrates while not being associated with measures of sand and fine gravel (Table 

3).  Axis one was more associated with silt volume, total fine sediment volume, small 

boulder, and bedrock while axis two was more associated with hardpan.   

 

 

 

Figure 13.  Detrended correspondence of the sites (n = 25) based on association to 
substrate and sediment measures.  Soils classifications are represented by the red, green, 
and blue color coding of sites.   
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Table 3.  Spearman rank correlation of the axes from the DCA analyses by substrate and 
sediment measures. Value in bold represent significant correlations (α < 0.05) 

 
 

Axis 1 Axis 2 

Particle Size Spearman 
Coefficient P-Value Spearman 

Coefficient P-Value 

Total Suspended Solids -0.78 <.0001 -0.51 0.01 

Embeddedness Score -0.77 <.0001 -0.49 0.01 

Silt (Pebble Count) -0.9 <.0001 -0.61 0.001 

Silt (DSS) -0.62 0.001 -0.19 0.37 

Sand (Pebble Count) 0.03 0.88 -0.28 0.18 

Sand (DSS) 0.02 0.94 -0.26 0.21 

Total Fines (Pebble Count) -0.82 <.0001 -0.76 <.0001 

Total Fines (DSS) -0.42 0.04 -0.35 0.09 

Sand & Fine Gravel 0.05 0.8 -0.17 0.41 

Coarse Gravel 0.79 <.0001 0.75 <.0001 

Cobble 0.8 <.0001 0.57 0.001 

Small Boulder 0.59 0.001 0.22 0.28 

Hardpan -0.29 0.16 0.42 0.04 

Bedrock 0.78 <.0001 0.28 0.18 

 

 

Associations among Watershed Variables and Stream Sedimentation 
 

Multiple factors at the watershed and riparian/instream scale were significantly 

associated with levels of sediment (Table 5, 6, 7 and Appendix H).  Both naturally 

occurring characteristics and anthropogenic influences (Table 4) were shown to be 

associated with sedimentation.  Naturally occurring variables are those that are not 

altered by human activities, whereas anthropogenic influences are those controlled by 

human activities.  Significant associations among watershed variables and sedimentation, 

by soil classification, are listed in Appendix H. 
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Table 4. List of the variables used to evaluate watershed associations with stream 
sedimentation.  “Variables” represent the individual GIS and measured variables used to 
evaluate influences on stream sedimentation.  The “Type” column is a classification of 
variables based on whether or not human activity within the watershed influences each 
factor.  “Variable Class” represents the classification of each variable with similar 
functions in the watershed.  The “Level” column represents the categorical level of which 
the “Variable Class” factors fit into the watershed hierarchically.   

  
Level Variable Class Type Variable 

Watershed 

Soil Texture Natural Coarse Textured Soils  

Soil Permeability 
Natural Percent HGB Soils  
Natural Percent HGC Soils 
Natural Percent HGD Soils 

Watershed Size Natural Watershed Area 
Watershed Slope Natural Minimum Watershed Slope 

Watershed 
Elevation 

Natural Maximum Watershed Elevation 
Natural Minimum Watershed Elevation 

Landuse 

Forestland Anthropogenic Percent Forestland 
Urbanization Anthropogenic Percent Urbanland 

Cropland Anthropogenic Percent Cropland 
Pastureland Anthropogenic Percent Pastureland 

Riparian/Instream 

Cattle Disturbance Anthropogenic Cattle Access to the Stream 
Stream flow Natural Stream Discharge 

Human 
Disturbance 

Anthropogenic 
Presence of Human Disturbance 

Riparian 
Composition 

Anthropogenic Percent Riparian as Bare Soil 
Anthropogenic Percent Riparian as Grass 
Anthropogenic Percent Riparian as Shrubs 
Anthropogenic Percent Riparian Small Tree 
Anthropogenic Percent Riparian Large Tree 

Riparian Width 
Anthropogenic Mean Riparian Width 
Anthropogenic Minimum Riparian Width  
Anthropogenic Maximum Riparian Width 

Spring flow Natural Spring Influence 

Stream Gradient 
Natural Stream Reach Gradient 
Natural Stream Segment Gradient 
Natural Stream Subregion Gradient 

Stream Size 
Natural Shreve linkage 
Natural D size 
Natural D linkage 
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Streams in Watersheds Dominated by Coarse Textured, Hydrologic Group B Soils 
 

Several natural variables were associated with sedimentation (Table 5).  Percent 

hydrologic group B (70-100%), percent coarse textured soils (70-100%), watershed 

slope, and stream gradient were negatively associated with measures of sedimentation.  

Watershed size was positively associated with sedimentation.   

Anthropogenic variables associated with increased sedimentation were reduced 

forestland, riparian width, and percent riparian shrubs and increased pastureland, 

urbanization, cattle access to the stream (any visual evidence cattle are accessing the 

sampled reach), and human disturbance (cattle access and gravel mining) within the 

stream banks.  Anthropogenic variables associated with increased siltation were a 

conversion of forestland to > 50% pastureland, reduced riparian width (minimum width = 

0 m) and composition (reduction of shrubs), and cattle access to the stream (Table 5).  

Regression tree analysis showed significant differences in silt composition based on the 

anthropogenically driven variables of minimum riparian width and presence of cattle 

access to the stream (Figure 14).  Minimum riparian distance was associated with an 

increase in siltation, from a mean of 3% to 6% when the minimum riparian distance was 

0.  Mean silt composition with presence of cattle access to the stream showed an increase 

in deposited silt from 3% to 5% of the overall bed composition.   

Anthropogenic characteristics most associated with increased sand levels were 

presence of human disturbance which increased sand composition from 1-5% (Table 5).  

Disturbance consisted of cattle access to the stream as well as small gravel-mining 

operations.  Land use characteristics associated with increased deposited fines were 

increases in urbanization, cattle access to the stream, and reduced riparian width (Table 
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5).  Cattle access to the stream showed an increase from 4-9% composition of total fine 

sediment (Figure 15).  Anthropogenically controlled factors associated with increased 

suspended sediments and embeddedness were forestland and riparian shrubs while 

pastureland was associated with reduced suspended sediments (Table 5).   

In these watersheds measures of silt had the most significant association to 

landscape variables (Table 5).  Measures of deposited silt and total fine sediments were 

associated with similar landscape variables (Table 5).  Silt, sand, and total fine sediments 

were all associated with stream gradient; however sand was not associated with any of 

the other variables associated with silt and total fine sediments.   
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Table 5.  Significant correlations (α ≤ 0.05, n = 7) of sedimentation with watershed, 
landuse, and riparian/instream variables in watersheds with coarse hydrologic-B soils.  
The “Sediment Variable” represents all techniques used to measure each sediment 
variable (DSS and pebble count).  “Significant Correlators” are the individual variable 
that had a significant correlation with the associated “Sediment Variable”.  The 
“Association” column represents relationships with watershed variables, as “N” 
represents a significant negative correlation and “P” represents a significant positive 
correlation. 

 

Sediment 
Variable Significant Correlations Association  

Silt 

Minimum Watershed Slope N  
Soil Permeability N 
Soil Texture N 
Watershed Area P  
Percent Forestland N 
Percent Pastureland P  
Percent Riparian Shrub N 
Maximum Riparian Width N 
Stream Gradient N 
Stream Size P  

Sand 
Percent Cropland N 
Stream Gradient N 
Presence of Instream Human Disturbance P  

Total Fines 

Watershed Slope N 
Soil Texture N 
Watershed Area P  
Percent Urbanization P  
Stream Gradient N 
Percent Riparian Shrub N 
Cattle Access to the Stream P  

Embeddedness 

Watershed Elevation N 
Soil Permeability N 
Percent Pastureland N 
Percent Urbanization N 
Percent Forestland P 
Percent Riparian Shrub P 
Stream Size N 

Suspended Solids 

Watershed Slope P 
Percent Pastureland N 
Percent Forestland P 
Percent Riparian Shrub P 
Stream Size N 
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Figure 14.  Watershed variables producing significant groups in the data based on 
decision tree analysis.  These groups represent non-linear relationships among pebble 
count measures of silt and watershed characteristics. Multiple trees represent multiple 
variables associated with significantly different groups of silt, based on watershed 
characteristics.  “Min Rip Dist” represents the minimum riparian width (meters) within 
sites with coarse textured-hydrologic group B soils.  “CATTLE” represents the presence 
(1) or absence (0) of cattle access to the sampled sites.   

 

Figure 15.  Watershed variables producing significant groups in the data based on 
decision tree analysis.  These groups represent non-linear relationships among pebble 
count measures of total fine sediments and watershed characteristics.  Multiple trees 
represent multiple variables associated with significantly different groups of total fine 
sediments, based on watershed characteristics. “CATTLE” represents the presence (1) or 
absence (0) of cattle access to the sampled sites.   
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Streams in Watersheds Dominated by Non-Coarse Textured, Hydrologic Group B Soils 
 
 

Sediment variables significantly associated with natural watershed variables were 

soil texture, soil permeability, watershed elevation, watershed area, watershed slope, 

stream gradient, and stream size (Table 6).  Variables significantly associated with 

anthropogenic influences on sedimentation were urbanization, cropland, cattle access to 

the stream, and riparian width.   

Landuse variables associated with siltation were urbanization, percent cropland, 

and allowing cattle access to the stream.  Percent urbanization in these watersheds ranged 

from 0-6% and cropland ranged from 0-33%.  When cropland consisted of < 10% of the 

watershed, silt composition ranged from 0-30% of the bed composition. Cropland in the 

watershed ranging from 10-33% was associated with a range of silt composition from 30-

100%.  Cattle access to the stream was associated with increased siltation, in watersheds 

with high gradients and soil drainage potential.  In this situation, cattle access was 

associated with increased siltation from a mean of 3% to a mean of 19% of the total bed 

composition (Figure 16).  Cropland had a negative association and was the only 

anthropogenic factor associated with levels of sand (Table 6).  Cropland was associated 

with greater levels of silt but lower levels of sand.  Sand and silt measures were also 

negatively associated.  The anthropogenic activity associated with total-fine sediment 

was percent cropland (Table 6).  Cropland < 10% in the watershed was associated with 

sites having total-fine composition ranging from 0-75%.  Cropland in the watershed 

exceeding 10% was associated with total-fine compositions ranging from 80-100% of the 

total bed composition.  Human activity associated with increasing embeddedness was 

percent cropland (Table 6).  Cropland covering < 10% of the total watershed area had 
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embeddedness scores ranging from 1.13-3.48.  This shows that these streambeds were 

mostly embedded 50-75%, with a maximum of 48% of the remaining streambed being 

embedded 75-100%.  Sites in watersheds with > 10% cropland were all embedded from 

75-100%.  Inputs of suspended sediments were associated with the anthropogenic 

activities of increasing croplands and narrowing the riparian zone (Table 6).  Total 

suspended solids ranged from 2-49 mg/l in these sites.  Cropland < 15% of the watershed 

was associated with suspended solids in sites ranging from 2-22 mg/l.  Croplands 

exceeding 15% of the watershed had suspended solids ranging from 30-49 mg/l. 

Maximum riparian width had similar results, as sites with a maximum riparian < 50 m  

had a mean TSS of 37 mg/l while a maximum riparian > 50 m had mean of 10 mg/l.  

Regression tree analysis showed that varying riparian widths showed significant 

differences in TSS levels (Figure 17).  A mean riparian width ≤ 24 or a maximum width 

≤ 50 meters showed a significantly greater level of TSS (37 mg/l) when compared to a 

mean width > 24 or a maximum width > 50 meters (10 mg/l).   
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Table 6.  Significant correlations (α ≤ 0.05, n = 11) of sedimentation with watershed, 
landuse, and riparian/instream variables in watersheds with non-coarse hydrologic B 
soils.  The “Sediment Variable” represents all techniques used to measure each sediment 
variable.  “Significant Correlators” are the individual variable that had a significant 
correlation with the associated “Sediment Variable”.  The “Association” column 
represents relationships with watershed variables, as “N” represents a significant negative 
correlation and “P” represents a significant positive correlation. 

 

Sediment Variable Significant Correlations Associat ion  

Silt 

Soil Permeability N 
Watershed Area P 
Watershed Elevation N 
Percent Pastureland N 
Percent Cropland P 
Percent Urbanization P 
Stream Gradient N 
Stream Size P 
Percent Riparian Shrub N 
Percent Riparian as Large Tree P 
Percent Riparian as Bare Soil N 

Sand 

Soil Permeability N 
Watershed Slope P 
Percent Cropland N 
Stream Size N 

Total Fines 

Soil Texture N 
Soil Permeability N 
Watershed Elevation N 
Percent Pastureland N 
Percent Cropland P 
Stream Size P 
Percent Riparian as Bare Soil N 
Presence of Instream Human Disturbance N 

Embeddedness 

Soil Texture N 
Soil Permeability N 
Watershed Elevation N 
Percent Cropland P 
Stream Gradient N 
Stream Size P 

Suspended Solids 

Watershed Area P 
Soil Permeability N 
Percent Cropland P 
Riparian Width N 
Stream Size P 
Presence of Human Disturbance N 
Stream Gradient N 
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Figure 16.  Watershed variables producing significant groups in the data based on 
decision tree analysis.  These groups represent non-linear relationships among pebble 
count measures of silt and watershed characteristics.  Multiple trees represent multiple 
variables associated with significantly different groups of silt based on watershed 
characteristics. “HGB%” represents the percent of hydrologic group B soils in each 
watershed.   “GRDRCH” represents the stream gradient (m/km) upstream of each site. 
“CATTLE” represents the presence (1) or absence (0) of cattle access to the sampled 
sites.   
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Figure 17.  Watershed variables producing significant groups in the data based on 
decision tree analysis.  These groups represent non-linear relationships among total 
suspended sediments and watershed characteristics.  Multiple trees represent multiple 
variables associated with significantly different groups of suspended solids, based on 
watershed characteristics. “Max Rip Dist” represents the maximum riparian width 
(meters) within sites with coarse textured-hydrologic group B soils. “Mean Rip Dist” 
represents the mean riparian width (meters) within sites with coarse textured-hydrologic 
group B soils. 

 
 
 
 
 All measures of suspended and deposited sediments had negative associations 

with soil permeability.  All measures of sedimentation were also associated with cropland 

and watershed size, however sand was negatively associated while the other measures 

were positively associated.  Considering all associations, the measures of silt, total fines, 

embeddedness, and suspended sediments shared parallel associations, whereas measures 

of sand had opposite associations with watershed variables.  
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Streams in Watersheds Dominated by Non-Coarse, Hydrologic Group D Soils 

 
 

Natural watershed variables associated with channel sediment were soil 

permeability and watershed slope.  Human activities associated with sedimentation were 

forestland, cropland, urbanization, riparian width, riparian composition, and presence of 

human disturbance (Table 7).  Percent forestland was not negatively associated with 

siltation showing that the levels of forestland (4-22%) in these watersheds are not likely 

influencing stream sedimentation.  Cropland is more prevalent in these watersheds (13-

50%) than in the other soil classifications (max=22%); however cropland was not 

significantly correlated with siltation.  Rather, riparian width and composition (percent 

riparian as grass) were the anthropogenic variable most associated with silt in these sites.  

Silt composition of the streambed was increased from a mean of 21% in sites with a 

riparian width > 50m to a mean of 47% in sites with a riparian < 50m.  Sites with 

watersheds dominated by non-coarse textured-hydrologic group D soils showed 

significantly less silt composition from 47% to 21% with a maximum riparian width > 50 

meters (Figure 18).   

Anthropogenic changes linked to increased levels of sand were cropland, human 

disturbance, and riparian width (Table 7).  Cropland (13-50%) and human disturbance in 

these watersheds were linked.  Human disturbance consisted of visual observations of 

channelization and runoff from fields that were cropped to the stream banks.  Sand 

composition increased from 0.4-12% as percent cropland increased from 13-50%.  The 

two greatest levels of sand volume (31 and 102 ml/179.5 cm2) were found in sites with 

instream human disturbance.  Sand volume was significantly different with the presence 



57 
 

of human disturbance (Figure 19).  Sites with the presence of human disturbance had a 

mean sand volume of 67 ml/179.5 cm2, whereas those without disturbances had a mean 

of 16 ml/179.5 cm2.   

Anthropogenic influences associated with increased fine sediments were 

reduction of riparian width and composition (Table 7).  Sites with riparian zones < 50 m 

wide had a mean composition of 51% fine sediments, while those > 50m had a mean 

composition of 27% fine sediments (Figure 20).  Overall, fine sediments were greatest 

when the riparian zone was < 50m at these sites.  Anthropogenic factors associated with 

greater levels of suspended solids were landuse conversion to urbanization and the 

presence of instream human disturbance (Table 7).  While presence of disturbance and 

urbanization (8%) was associated with the greatest levels of suspended solids these levels 

were only 3 mg/l greater than watersheds without these activities.   

Table 7.  Significant correlations (α = 0.05, n = 7) of sedimentation with watershed, 
landuse, and riparian/instream variables in watersheds with non-coarse hydrologic D 
soils.  The “Sediment Variable” represents all techniques used to measure each sediment 
variable.  “Significant Correlators” are the individual variable that had a significant 
correlation with the associated “Sediment Variable”.  The “Association” column 
represents relationships with watershed variables, as “N” represents a significant negative 
correlation and “P” represents a significant positive correlation. 

Sediment 
Variable Significant Correlations Association  

Silt 
Percent Forestland P 
Riparian Width N  
Percent Riparian as Grass P 

Sand 

Soil Permeability N 
Percent Pastureland N 
Percent Cropland P 
Riparian Width P 
Presence of Instream Human Disturbance P 

Total Fines 
Riparian Width N 
Presence of Instream Human Disturbance N 

Embeddedness 
Soil Permeability P 
Watershed Slope N 

Suspended Solids Percent Urbanization P 
Presence of Human Disturbance P 
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Figure 18.   Watershed variables producing significant groups in the data based on 
decision tree analysis.  These groups represent non-linear relationships among pebble 
count measures of silt and watershed characteristics.  “Max Rip Dist” represents the 
maximum riparian width (meters) within stream with coarse textured-hydrologic group B 
soils. 

 

Figure 19.  Watershed variables producing significant groups in the data based on 
decision tree analysis.  These groups represent non-linear relationships among deposited 
sediment sampler (DSS) measures of sand and watershed characteristics.  “Disturbance” 
represents the presence (1) or absence (0) of human disturbance within the sampled reach 
of each site. 
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Figure 20.  Watershed variables producing significant groups in the data based on 
decision tree analysis.  These groups represent non-linear relationships among pebble 
count measures of total fine sediments and watershed characteristics.  “Max Rip Dist” 
represents the maximum riparian width (meters) within sites with coarse textured-
hydrologic group B soils. 

 
 
 The majority of associations between the watershed and sedimentation were not 

shared among individual measures of deposited and suspended sediments.  Silt and total-

fine sediments shared negative associations with riparian width, whereas sand 

associations were positive.  Measures of deposited and suspended sediments were 

associated with different variables and had opposite associations with similar variables. 
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 Soil variables, within each soil classification, were significantly associated with 

sedimentation.  These associations show that soil properties are likely to be influencing 
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investigation of the associations among soil properties and sedimentation are needed to 

determine more specific influences watershed soils have on stream sedimentation.   

Natural and anthropogenic watershed characteristics were both associated with 

sedimentation.  Each soil group had similar and dissimilar associated variables (Table 8).  

Natural and anthropogenic factors associated with sedimentation, varied in the amount of 

sediment input and both positive and negative associations were shown.  Natural 

variables associated with increased sedimentation across all classifications were reduced 

soil permeability and watershed slope.   Watersheds classified as having coarse textured-

hydrologic group B and non-coarse textured- hydrologic group B soils had similar 

associated variables of watershed slope, watershed size, stream size, and stream gradient 

were all associated with sedimentation.  Pastureland, riparian width, and urbanization 

were significantly associated with sedimentation across all soil classifications.  Other 

variables significantly associated with sedimentation were cattle access to the stream, 

reduced riparian shrubs, increased cropland, and the presence of human disturbance 

within the stream channel.  Similar to the naturally associated variables, these factors 

varied in amount and had both positive and negative associations with inputs of stream 

sedimentation.   
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Table 8. Summary table showing the natural and anthropogenic influences, significantly 
associated (α = 0.05) with increased sedimentation, by soil classification of stream 
watersheds.  Natural influences are those not influenced by human activity, while 
anthropogenic influences are those that can be altered by human activities in a watershed.  
These associated variables represent the major factors most likely contributing to 
sedimentation throughout the MORB.  

 

 

Discussion 

      Watershed Soils and Sedimentation 
 

Soil characteristics are commonly grouped with other watershed-scale factors, or 

left out completely when evaluating factors controlling stream sedimentation (Roth et al. 

1996, Sutherland et al. 2002, Burcher et al. 2007).  This study has shown that accounting 

for soil properties could reduce unnecessary noise in the data and provide more accurate 

results by considering the important role watershed soils play in the process of stream 

Coarse Hydrologic B Soils 

(CHGB) 

Non-Coarse Hydrologic 

B Soils (NCHGB) 

Non-Coarse Hydrologic D 

Soils (NCHGD) 

Natural Influences 

Reduced Soil Permeability Reduced Soil Permeability Reduced Soil Permeability 

Reduced Coarse Textured Soils Reduced Coarse Textured Soils 

Reduced Watershed Slope Increased Watershed Slope Reduced Watershed Slope 

Increased Watershed Size Increased Watershed Size 

Increased Stream size Increased Stream size 

Decreased Stream Gradient Decreased Stream Gradient 

Watershed Elevation 

Anthropogenic Influences 

Increased Pastureland Decreased Pastureland Decreased Pastureland 

Reduced Riparian Width Reduced Riparian Width Reduced Riparian Width 

Increased Urbanization Increased Urbanization Increased Urbanization 

Cattle Access to the Stream Cattle Access to the Stream 

Reduced Riparian Shrubs Reduced Riparian Shrubs 

Increased Cropland Increased Cropland 

Presence of Human Disturbance Presence of Human Disturbance 
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sedimentation.  The MORB is a watershed that includes a wide range of soil properties 

but not all watersheds have comparable soil diversity.  However, identifying soil 

properties of a watershed, when investigating sources of stream sedimentation, increases 

the ability to decipher natural from anthropogenic inputs. 

Watershed variables (land use, slope, riparian characteristics, and cattle access to 

the stream) were shown to influence sedimentation differently when soil properties in a 

watershed varied.  Therefore, when watershed soil characteristics are grouped with other 

watershed level variables (Allan 1997) or are unaccounted for (Roth 1996, Meador 2003) 

an important variable in the process of stream sedimentation may not be identified.  Soils 

must be considered at a higher level than landuse or riparian variables.  Soil properties 

represent the source of sediments, whereas landuse and riparian variables relate to the 

transport of sediment to 3rd order streams.  Soil properties in a watershed characterize the 

type and how much soil is available to be eroded into 3rd order MORB streams.  

Watershed characteristics influence soil stability (vegetation and slope) and influence 

how much and how fast (rate of transport) soil is eroded into MORB streams.  The data 

presented supports the implication that understanding the processes of sedimentation 

requires the inclusion of the influences soils can have on stream sedimentation. 

Watershed soils and landuse can also show co-variation (Allan 2004) primarily 

associated with a soils potential for agricultural uses.  Co-variation among landuse and 

soil properties represents a combining of anthropogenic and natural influences on 

sedimentation, which can lead to an over estimate of the influence of landuse on stream 

sedimentation.  If landuse is considered independently with soil type, conclusions about 

landuse influences on sedimentation can be made with greater confidence.   
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Watershed-Sediment Relations 
 

Within soil classifications of the MORB, watershed variables were significantly 

associated with sedimentation.  Results support two main conclusions.  First, watersheds 

with different soil properties were subjected to different disturbances.  For example, 

cattle access to sites was associated with increased sedimentation when watersheds had 

well-drained soils.  However, this was not an influential factor in watersheds with poorly-

drained soils as cattle access to sites was not present in any of the sampled streams 

because the streams were too incised for cattle to safely access the stream.  Secondly, 

significant associations among watershed variables and sedimentation differed among 

soil classifications.  These varying associations support the previous hypothesis that equal 

disturbance, in watersheds with variable soil classifications, should result in variable 

sediment inputs.  Assuming that soil properties are associated with the quantity of 

sediments available for erosion, an equal disturbance should produce variation in stream 

sedimentation.  It is then concluded that watershed characteristics are most likely to be 

influencing the rate of sedimentation in 3rd order streams of the MORB.   

Watershed, landuse, and riparian/instream factors (Table 4) showed potential 

influences on sedimentation.  These factors were both naturally and anthropogenically 

driven influences.  Natural controlling factors define the degree to which streams are 

naturally sedimented.  Natural sedimentation can range from low to high levels of both 

deposited and suspended sediments.  Human inputs of sedimentation result from 

alteration of a stream's natural sediment regime.  Alterations can be in the form of 
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increased or reduced sedimentation but either can result in negative impacts on resident 

native biota (Pflieger and Grace 1987, and Zweig and Rabeni 2001).  Therefore, while 

natural influences are important to understanding the process of stream sedimentation it is 

the anthropogenic alterations of the natural sediment regime that are of ultimate concern 

to the physical and biotic composition of 3rd order MORB streams. 

Pastureland was associated with increased sedimentation in 3rd order streams with 

watersheds dominated by coarse well-drained soils.  This was the only instance in which 

this landuse was associated with increased sedimentation.  However, in these streams, 

increased pastureland was also associated with reduced riparian width and riparian 

shrubs.  Cattle access to these streams was also associated with reduced riparian width 

and pastureland.  Cattle reduce the riparian zone through trampling and foraging, thus 

reducing understory vegetation and total riparian width (Kauffman and Krueger 1984, 

Belsky 1999, Sovell 2000).  During summer months, cattle impacts on the riparian zone 

are maximized when they seek the stream for refuge from the heat (Belsky 1999).  In this 

study, streams with coarse well-drained watershed soils, a reduced riparian width of 

native vegetation as a result of conversion to pastureland and allowing cattle access to the 

stream, was concluded to be the most likely contributor to excessive sedimentation.  

Similar processes related to increased sedimentation as a result of pastureland were 

reported in the Buffalo River Basin (Panfil and Jacobson 2001).  Increased riparian width 

and composition was also negatively correlated to sedimentation in streams with 

watersheds dominated by non-coarse well-drained soils and non-coarse poorly-drained 

soils.  Thus, pastureland in coarse well-drained watersheds is most likely a surrogate 

variable representing a reduced riparian zone by cattle.  Numerous studies support this 
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finding by showing that direct impact of cattle on the riparian zone, rather than impacts 

from vegetation changes associated with conversion of prairies/rangelands to pastureland, 

have a more prominent impact on stream sedimentation (Kauffman and Krueger 1984, 

Owens et al. 1996, Sovell et al. 2000, Meador and Goldstein 2003).  Meador (2003) states 

that conversion to agriculture land can impact streams but impacts are a result of reduced 

riparian corridors.  Cattle grazing has been cited as one of the most destructive influences 

on riparian corridors (Kauffman and Krueger 1984) and both riparian fencing (Owens et 

al. 1996, Winegar 1977) and reduced grazing intensity (Sovell et al. 2000) has shown 

significant reductions in stream sedimentation.  Therefore, reducing cattle impacts on 

riparian corridors could be a focus for reducing excess sedimentation in 3rd order streams 

of Missouri’s Osage River basin.  Waters (1995) suggests that fencing cattle from the 

riparian corridor is the most appropriate solution to this problem and this management 

strategy could be considered in MORB watersheds.     

Importance of riparian corridors to the integrity of stream systems has been 

documented by numerous researchers (Lowrance et al. 1985, Gregory et al. 1991).  

Reduced riparian corridors, as a function of landuse change from native vegetation to 

pastureland, were concluded to be increasing stream sedimentation in the River Raisin 

basin (Roth et al. 1996).  They concluded that a threshold of riparian width might be 

needed to prevent stream degradation. However, riparian zone thresholds vary based on 

watershed characteristics (Waters 1995, Allan 1997) and have been shown to range from 

>4 - >1000 meters (Fischer and Fischenich 2000).  This project supports the need for 

varying riparian width requirements and recommends consideration of watershed soil 

properties when setting thresholds.  In all soil classifications riparian width reduction was 
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associated with man-induced landuse practices.  In watersheds with coarse well-drained 

soils the recommended riparian-width threshold was to have the presence of an un-

fragmented riparian zone, as increased sedimentation was associated with the absence of 

a riparian zone.  In streams with watersheds of non-coarse well-drained soils and non-

coarse poorly-drained soils, sedimentation was consistently greater when maximum 

riparian widths were < 50 m and a mean width < 24 m, thus these widths would be 

recommended to reduce anthropogenic siltation.  The range of increased sedimentation 

associated with a reduced riparian width varied up to 10 fold between soil classifications 

and therefore, riparian width conditions required to buffer sedimentation varies based on 

watershed soil properties.   

Riparian composition, mainly percent shrubs, was also associated with decreased 

sedimentation.  Sediment buffering capabilities of a diverse riparian zone is important in 

trapping sediments (Lee et al. 2000).  Lee et al. (2000) showed that a simulated riparian 

zone of grass and woody vegetation trapped the most sediment, followed by a grass only 

buffer, and finally the absence of a buffer.  Rabeni and Smale (1995) concluded that 

riparian composition may be as important as riparian width when considering sediment 

buffering capabilities.  Thus, I conclude that the previously described riparian width 

thresholds may be most effective if combined with a diverse riparian composition.  

Riparian composition and width have previously been hypothesized to mitigate 

anthropogenic effects on stream systems (Diamond et al. 2002).  Riparian corridors 

meeting or exceeding these conditions could minimize anthropogenic inputs of fine 

sediments in 3rd order streams of the MORB.  Therefore, 3rd order streams with 

watersheds containing the anthropogenic factors associated with an altered sediment 
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regime could be given priority to which riparian improvements could be focused.  

Riparian management in watersheds with coarse hydrologic B soils could be focused on 

those with > 50% pastureland, presence of cattle access to the stream, or the absence of a 

riparian zone.  In streams with watersheds having non-coarse hydrologic B soils, priority 

for riparian management could be given to watersheds with croplands >10%, presence of 

cattle access to streams, or a minimum riparian width of 24 meters.  Riparian 

management in watersheds with non-coarse hydrologic D soils could be focused on 

watersheds with increased cropland, direct inputs of sediments from croplands, or a 

maximum riparian width of < 50 m.  These factors have the greatest probability of 

altering the stream's natural sediment regime, reducing inputs to the stream.           

Sedimentation in 3rd order streams with watersheds dominated by non-coarse 

well-drained soils was most associated with cropland.  Cropland was also the most 

influential factor associated with sedimentation in Coastal Plain streams (King et al. 

2005).  Streams in watersheds dominated by non-coarse, poorly-drained soils showed 

increasing levels of deposited sand with increasing cropland; but all other measures of 

fine sediments were increased with decreased riparian width and composition.  Riparian 

width in these streams was consistently greater than those in watersheds of non-coarse 

well-drained soils.  Riparian width is then hypothesized to be sufficient to buffer 

sedimentation from cropland in streams with watersheds of non-coarse poorly-drained 

soils but insufficient to buffer inputs in those with non-coarse well-drained soils.  

Percentage of cropland > 10%, in watersheds with non-coarse well-drained soils, was 

consistently associated with increased sedimentation.  Thus, in this soil classification 

these streams have the greatest probability of being excessively sedimented and priority 
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could be given to improving the width and composition of riparian corridors in 

watersheds exceeding 10% cropland.    As previously stated, a riparian width > 50m with 

a diverse native composition is likely to be sufficient to buffer these potential inputs.   

Urbanization was associated with increased sedimentation across all three soil 

classifications.  Percent urbanization was ≤ 6 % in all soil classification, showing that 

minimal increases in this landuse may be influencing sedimentation in these streams.  

Urbanization was shown to increase deposited-fine sediments in the Blue Ridge 

physiographic province in western North Carolina (Burcher et al. 2007) and in sub-basins 

of the Etowah River (Walters et al. 2003).  

These percentages (> 40%) were much greater than those found in this study.  Landuse 

percentages can be confounded in analysis because landuse variables inherently lack 

independence (King et al. 2005).  Autocorrelation of these variables can lead to 

misinterpretation of linear analysis and care must be taken when interpreting analyses.  In 

the MORB when urbanization was linked as having positive associations to 

sedimentation it was also correlated with measures of cropland or associations were 

characterized by an outlier in the data.  Urbanization in the MORB is minimal and most 

of the basin is, on average, less populated than the rest of the state.  Due to these 

considerations, and given the low percentages of urbanization in the sampled streams, it 

is concluded that urbanization is not a major factor influencing sedimentation in the 

MORB.  However, urbanization is commonly known to influence sedimentation and is 

likely an influential factor in the limited areas of the basin with concentrated human 

populations.      
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Variables associated with increased sedimentation in MORB streams have also 

been shown to be influencing sedimentation in other studies.  Between soil 

classifications, these factors varied in their contributions to sedimentation and other 

studies may be missing contributing factors by failing to consider soil properties of the 

watershed.  In basins with uniform or similar soils this would not be an issue.  However, 

in basins like the MORB that have variable soil properties throughout the basin, failing to 

consider soils would result in a misrepresentation of influences on sedimentation.  

Identified riparian thresholds associated with reductions in alterations to the 

natural sediment regime were based on observational data.  While these suggested 

riparian width conditions are likely to be sufficient to limit anthropogenic sediment inputs 

they cannot be fully considered ample without further evaluation.  Research adequately 

evaluating these thresholds would consist of riparian width restoration along 3rd order 

streams with watershed characteristics shown to be consistent with increased 

anthropogenic sedimentation.  Pre and post sediment sampling, corresponding to riparian 

width rehabilitation would effectively evaluate the suggested resolutions for 

anthropogenic stream sedimentation.   
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Chapter IV - Linkages among Stream Bed Composition and Fish 
Assemblages 

 

 

Introduction  

 

Excessive sedimentation in 3rd order streams is known to effect fish species in the 

MORB (Missouri Department of Conservation 2001).  However, fish species have 

varying responses to sedimentation and the responses of fish assemblages to specific 

changes in a stream’s sediment regime are largely unknown (see Chapter 1).  Evaluating 

linkages between sedimentation and fish assemblages will explore the third level of the 

hypothesized hierarchy and complete the identification of linkages from the watershed, to 

stream sedimentation, to the biotic community.  Identifying linkages among measures of 

sedimentation and fish assemblages will satisfy two main objectives: 1) identify linkages 

between sedimentation and fish assemblage composition and 2) when combined with the 

watershed-sediment linkages will evaluate if fish assemblage composition changes as a 

result of anthropogenic inputs of sediment.   

 

 

Study Area 

The Osage River Basin is located in mid-western Missouri and extends into 

eastern Kansas; however this study is limited to the section of the Osage River Basin 

within Missouri. The Missouri Osage River Basin (MORB) encompasses about 27,800 
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km2 and covers part of the Central Plains and Ozarks subregions.  Six subbasins that 

make up the Osage River drainage are the Grand River Basin, the Sac River Basin, the 

Pomme de Terre River Basin, the East Osage River Basin, the West Osage River Basin, 

and the Niangua River Basin (Figure 21). Forms of alteration to the aquatic systems in 

the MORB, resulting from anthropogenic change, include water-chemistry changes, 

sedimentation, hydrologic alteration, and changes in habitat availability.   

 

 

Figure 21.  Missouri Osage River Basin broken into its major sub-drainages. 
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Experimental Design and Methods (Objective I) 

 

Site Selection 

Streams that encompassed a gradient of suspended and deposited sedimentation (see 

Ch. 3) were selected to show associations among stream sedimentation and fish 

assemblages in the MORB.  Sampled streams were limited to those of third order to 

reduce confounding effects stream size can have on levels of sedimentation and fish 

assemblage composition.  Third order streams were selected over smaller stream sizes 

because they are more likely to have permanent flows.  This made the sampling duration 

required for this study logistically feasible and comparable with the recommendations put 

forth for fish sampling in Missouri by Peterson and Rabeni (1995).  Third order streams 

were selected over larger systems for 3 reasons: 1) third order streams represent a larger 

proportion of stream miles in the basin when compared to larger systems, 2) the fewer 

numbers of larger streams in the basin were less conducive to a spatial assessment of 

sedimentation in the MORB, and 3) lateral watershed management of sedimentation is 

likely to be more effective in smaller systems given the greater longitudinal influence on 

sedimentation as stream orders increase.       

When choosing a reach to sample the first step was to select a starting point.  

Within each stream segment all road crossings were considered viable access points and 

the crossing with safe access and landowner permission was chosen as an acceptable 

stream access.  Downstream borders of each reach was located by walking upstream until 

alteration of the stream channel caused by road crossing was visually undetectable.  

Thirteen sites were sampled to evaluate resident fish-assemblage characteristics between 
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July and October 2006.  Previous research determined that July-October is the most 

appropriate period for sampling fish assemblages in Missouri (Peterson and Rabeni 

1995).  Fish sample sites were selected from the sites in which sediment characterization 

was complete before the start of the fish sampling portion of the study.  Several of the 

sites initially considered for fish sampling were omitted because they were not conducive 

to the fish sampling procedures, such as poor accessibility, the stream becoming 

intermittent, presence of human disturbance (i.e. gravel mining), and unexpected 

situations such as the discovery of a previously unrecorded population of the Niangua 

darter.  The fish sample sites (Figure 22) encompassed the entire variation seen in 

sediment conditions and effort was made to provide an even distribution throughout the 

sedimentation range sampled.   
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Figure 22.  Map showing the sites sampled for fish within the MORB.   

Reach Determination 

At each site a reach of 40 times the mean wetted stream width was established.  

Reach determination was based on a procedural option (proportional-distance 

designation) used in the United States Environmental Protection Agency’s Rapid 

Bioassessment Protocol for Wadeable Streams (Barbour et al. 1999) and has been shown 

to represent 90% of species richness of selected streams (Reynolds et al. 2003).  Mean 

wetted width was determined by taking the average of at least 5 wetted-width 

measurements representing at least one measure from each available habitat (riffle, run, 
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and pool).  Standardizing reach lengths, limits reach specific variation in stream size to 

negligible levels.   

Sediment Sampling 

 

Deposited Sediment 
 

Three techniques were used to sample deposited sediment and overall bed 

classification at each site.  Multiple measurements of sediment were used, due to the 

differing strengths of each technique and the potential for a single measurement to 

inadequately quantify sediment composition (Young et al. 1991).  Sampling techniques 

were 1) percent of substrate embedded in fines, 2) Wolman pebble count, and the 3) 

Turner-Hillis deposited sediment sampler (described in Chapter 7).   

  Embeddedness estimations determine the extent to which particles on the stream 

bed are embedded in fine sediments.  One estimator chose several random particles, 

within the surface-cover estimate plot, and an estimate was made of the percentage of 

each particle surrounded by fine sediments (Doisy et al. 2005).  Embeddedness break is a 

change in particle coloration from dark to light and the presence of fines surrounding the 

particle.  These estimates are recorded in 25% categories of 0-25%, 26-50%, 51-75%, 

and 76-100%.  In each individual riffle, run, and pool habitat at each site, embeddedness 

estimates were made at three equally-spaced transects (min. 12 transects/site).  Transects 

were set at 25%, 50%, and 75% of the habitat length and estimations were made at 25%, 

50%, and 75% of the width of each transect. To insure equal representation, habitats that 

represented a large proportion of the reach received additional measurements (i.e. large 

pools). 
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Wolman pebble-count measurements were taken along transects spaced seven 

meters apart over the entire reach.  Equally spacing transects provides a systematic 

measure that proportionately represents the available habitat and thus the streambed at 

each site.  Wolman pebble count provides a measurement of the particle-size distribution 

of the streambed.  Transects were established and a channel particle was selected and 

measured at a designated interval along each transect.  Particle sizes were determined by 

the hand-held particle-size analyzer (US-SAH97).  This analyzer reduces operator 

variability and has effectively produced comparable particle size distribution analysis 

(Potyondy and Bunte 2002).  A total of ten particles were selected and measured at 

evenly spaced intervals along each transect.  This allowed for the measurement of 100+ 

particles at each site which is recommended by Bain and Stevenson (1999).  One 

individual selected a particle by lowering his pointer finger at each equally spaced 

interval along transects and recovered the first particle contacted (modified from Bain 

and Stevenson (1999) and Wolman (1954).  The selecting individual refrained from 

looking at the stream bed before particle selection to avoid any observational biases.   

 The DSS samples were taken along 15-20 transects, divided proportionately to the 

area of each habitat type.  These transects were spaced equidistantly in each habitat 

(riffle, run, and pool) and one DSS sample was taken at a random point along each 

transect.  This allows for random sampling that represents available habitat and thus 

provides a valid estimate of the mean volume of deposited sediment at each site.  

Proportion of samples taken in each individual habitat was estimated to avoid disturbing 

the deposited sediments before sampling.  In each individual habitat, transects were 

equally spaced based on the number of samples and the length of the habitat.  Laboratory 
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procedures followed the techniques used in Doisy et al. (2005).  Techniques, 

abbreviations, and definitions of deposited sediments measures used in analysis are 

provided in Table 9. 

Suspended Sediment 
 

Samples were taken using the Equal Width Interval (EWI) technique (Nolan et al. 

2005).  The EWI accounts for variability in sediment transport, through standardizing 

variations in current flow and depth.  The manual depth-integrated suspended-sediment 

water sampler was used for collection of suspended sediments when using the EWI 

method.  In areas lacking flow the EWI method and the US DH-81 is not applicable.  

Alternatively, in these areas grab samples were taken in the middle of the stream at about 

50% of the water depth.  Standardization was accomplished by lowering the US DH-81 

sampler at a constant rate and through the capture of water isokenetically, variation in 

flow and depth are eliminated.  This technique is applicable in habitats with flow and >1 

foot water depth.  Power analysis run on preliminary data showed that 7 samples per site 

are needed to provide statistical significance, therefore to err on the side of caution a total 

of 10-15 individual samples were taken at each site and the samples were collected about 

equidistant from one another moving downstream to upstream.  The distance between 

samples was estimated to avoid suspending deposited sediments as a result of walking 

through the stream and thus producing a false measurement.   

Total-suspended solids (TSS) were determined in the laboratory following the 

Standard Methods protocol (APHA 1995) of filtration and ash drying.  Samples were 

heated to 550˚C to burn off organic materials, leaving milligrams of inorganic sediment 

per milliliter of water in each sample.  Nephelometric turbidity units (NTU) were 
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measured using a Hach turbidity meter.  Techniques, abbreviations, and definitions of the 

suspended sediments measure are provided in Table 9. 

 

 

Table 9.  Definition of the measured variables and identification of the associated 
technique used to evaluate these variables.  An abbreviation used for each variable in 
analysis is also provided. 

 
Technique Abbreviation Definition 

Wolman Pebble Count 

HP Percent composition of hardpan 
Silt Percent composition of silt 

Sand Percent composition of sand 
TotalFns Percent composition of total fine sediments 
Snd_FG Percent composition of large sand (> 2mm) and fine gravel 

CG Percent composition of coarse gravel 
CB Percent composition of cobble 
SB Percent composition of small boulder 
BR Percent composition of bedrock 

Turner-Hillis Deposited 
Sediment Sampler 

DSSSilt Volume of silt (ml/179.5 cm2) 
DSSSand Volume of sand (ml/179.5 cm2) 
DSSTotal Volume of total fine sediments (ml/179.5 cm2) 

Suspended Solid (EWI and 
Grab Samples 

TSS Ash weight of suspended solids (mg/l) 

Embeddedness Estimation EMBScr Embeddedness of streambed substrates 
 

 

Fish Sampling 

 Fish sampling protocols were modified from the protocols for the EPA Rapid 

Bioassessment Protocols for Streams and Wadeable Rivers (Barbour et al. 1999).  

Dauwalter and Pert (2003) found that accurate quantification of regional stream condition 
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relies on consistent sampling.  Therefore, procedures and effort were as constant as 

possible to reduce sampling variability.   

These procedures included a combination of seining (6-mm mesh) and backpack 

electrofishing of the selected reaches.  All habitats within the pre-selected reach were 

individually separated by block nets (6-mm mesh) and sampled consecutively moving 

upstream.   

In run and pool habitats, the first task was to cover the selected habitat with the 

necessary number of seine hauls to cover the total area one time.  This portion of the 

sampling was aimed at collecting the mid to upper water-column species which can 

detect and evade collection when using backpack electrofishing gear exclusively.  

Secondly, each habitat was covered a second time by the same sequence of seine hauls 

with the addition of a backpack-electrofishing device and a slower haul than before.  

While two individuals completed the seine hauls another individual would walk behind 

the seine, moving the electrode back and forth across the lead line of the seine. This 

technique was aimed at collecting benthic fish.  Collections of small benthic fish 

benefited from this technique due to the fish’s ability to hide within interstitial space and 

the lack of a swim bladder in most of these species.  When a species lacking a swim 

bladder is subjected to electrofishing it often jolts upward initially, followed by a quick 

sink to the streambed.  The technique forces individual fish from the interstitial space, 

when subjected to electric current and the seine pulls underneath the fish before it can 

sink to the stream bed.   Thirdly, the entire area of the sampled habitat is covered twice in 

succession with a backpack-electrofishing unit.  This technique is aimed at collecting fish 

taking cover in physical habitat.   
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Riffle habitats were sampled differently due to reduced water depth.  Each sample 

consisted of physically disturbing a streambed area of about 1 m2, while applying 

electrofishing gear simultaneously and collecting the fish in a pre-positioned seine 

immediately downstream.  Fish are dislodged when the substrate is disturbed, 

immobilized by the electric current, and carried into the established seine via water 

current.  The dimensions of each sample were recorded to calculate the area sampled.  

Sample position in each riffle was determined by establishing transects in which the first 

sample was completed at a random point along the most downstream transect.  Transects 

were spaced about 2 m apart and samples were taken no closer than 1 m to any other 

sampled area.   

Following collections, each fish was counted and measured for total length.  We 

released as many individuals as possible, but due to the large numbers of fish sampled a 

large proportion of the sampled individuals were preserved in a 10% ethanol solution and 

were measured and counted at a later date.  Fish species were identified by United States 

Fish and Wildlife Codes (USFW) presented in Appendix A.  Species were also combined 

into guilds defined by the Missouri Department of Conservation and are presented in 

Appendix B. 

 

Data Preparation 

Site means for TSS and the volume of silt, sand, and total-fine sediment values 

(DSS) were calculated by averaging all samples from each site.  It was not necessary to 

standardize by habitat type when preparing this data as the sampling design was setup to 
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account for available habitats (riffle, run, and pool) proportionate to the area of each 

habitat within the sampled reach.   

The level of embeddedness at each site was represented as a single index score.  

Field estimation of embeddedness was recorded based on four categories: 1=0-25%, 

2=26-50%, 3=51-75%, and 4=76-100%.  Using the categorical mean or frequency of 

these categories limit the description of site embeddedness as a whole, so an index score 

was developed to provide additional information.  Equation used to calculate this index is 

presented below. 

 

����� ��	
� � ��������� �����	
� � 50% � ��100 � % 	� ��� �������� �����	
� � 50% 
100 ! 

 

“Cumulative category > 50%” represents the embeddedness category that 

accounts for more then 50% of the samples taken in each stream.  For example, consider 

a stream with 100 embeddedness samples of which 20 samples were category 1 (0-25% 

embedded), 45 were category 2 (26-50% embedded), 20 were category 3 (51-75% 

embedded), and 15 were category 4 (76-100% embedded).  The “cumulative category > 

50%” for this stream would be 2, because addition of the first two categories accounts for 

> 50% of the samples.  Cumulatively these categories add to 65 (% of the cumulative 

category > 50%), so the remainder of the equation equals (100 – 65)/100 or 0.35.  The 

score for this site would equal 2 + 0.35 or 2.35. A score of 2.35 is interpreted as the 

majority of the streambed (>50%) being embedded ≤ category 2 (26-50% embedded) and 

35% of the bed being embedded at a level > category 2 (26-50% embedded).            
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Statistical Analysis 

Linkages among fish assemblages, streambed composition, and sedimentation 

were evaluated.  Species found at < 10% of the sites were removed from the data set.  

Sites sampled for fish were first classified by overall substrate and sediment composition.  

Sites were reclassified from Chapter III to insure that fish assemblage characteristics 

were compared to the conditions in which they were found.  Fish assemblages were then 

compared to these classifications to evaluate how assemblages associate with varying 

substrate and sedimentation composition.  Measures of sedimentation were also 

compared to species and guilds individually to identify influential variables on a 

species/guild specific basis.    

The first step in evaluating fish-sediment relations was to define the sites sampled 

for fish by substrate and sediment condition.  This was accomplished with two-way 

cluster analysis, DCA, and relative abundance of each measure, all produced by PC-

ORD.  Separate characterization of the fish sample sites was necessary to insure 

comparison of fish assemblages to the substrate and sediment conditions from which they 

were sampled.   

Two-way cluster analysis was used to place the sites into similar groups, using 

methods described previously (PC-ORD 5, Miller 2004, Holt et al. 2007).  The sampled 

sites were grouped based on substrate and sediment conditions.  Fish assemblage 

characteristics were then compared to these groups to allow replication in the analysis.  

Two-way cluster analysis produces a dendrogram showing the similarity of sites based on 

a distance matrix of substrate and sediment conditions (Figure 23).  A second 

dendrogram shows how the measures associated with one another.  A coded matrix is 
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then produced to link the two dendrograms and shows how the sites were grouped based 

on the measures of substrate and sediment.  Measurement data were relativized to 

standardize the measures and allow for comparable comparisons.  Linkage method 

chosen was flexible beta (β = -0.25) with the Sorensen distance measure to avoid 

distortion and maximize defensibility (McCune and Grace 2002).   

 

 

Figure 23. Example of the output generated from the two-way cluster analysis in PC-
ORD.  Dendrogram 1 organizes the sites based on how similar they are in sediment and 
substrate composition.  Dendrogram 2 shows how the measures associate to one another 
and the Matrix Coding summarizes the substrate and sediment characteristics of each site.  
This summary is based on color coding with black representing that a site had a 
maximum measure for that variable and white representing a minimum measure.  For 
example, Site 4 has a black matrix coding for small boulder (SB), meaning that Site 4 had 
a high amount of small boulders when compared to the range of small boulders measured 
across all sites. 
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DCA was used to show how the sites were associated to each other based on the 

substrate and sediment levels of these groups.  This analysis also allowed an evaluation 

of the substrate and sediment measures most associated with each group.  Relative 

abundance of each substrate and sediment measure was calculated to describe the 

physical conditions seen in each group.   

   Indicator Species Analysis (ISA) in PC-ORD was used to identify the species 

and guilds that were most associated with substrate and sediment conditions of the groups 

defined by two-way cluster analysis and DCA.  The ISA combines information on 

species abundance and occurrence, as they relate to groups of sites that have been 

delineated based on a set of environmental variables (McCune and Grace 2002).  

Abundance and occurrence of a species with a significant indication to a group were 

found primarily within the set of variables defining the group.  This analysis works by 

multiplying the relative abundance (average abundance of a given species in a given 

group of site over the average abundance of that species in all sites expressed as a 

percent) and relative frequency (percent of site in given group where a given species is 

present) of each species or guild, from the individual sites in each group.  The score was 

then presented as a “percent indication” and a perfect indicator (100%) means that a 

species was always present within a classified group and was exclusive to that group.  A 

Monte Carlo randomization test was used to evaluate the significance (alpha ≤ 0.05) of 

each indication (McCune and Grace 2002).   

Sites were classified into four sediment groups to show changes in assemblage 

dominance.  Dominance shifts were shown with pie charts representing the percentage of 

species and guilds in each group.  Other techniques used to define fish species and guild 
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relations to individual sediment measures were Spearman’s rank correlation (alpha ≤ 

0.05), Decision Tree Analysis (alpha ≤ 0.05), ranges, and sensitivity.  Range and 

sensitivity was calculated for each species and guild based on each substrate and 

sediment variable.  Range of each species and guild represents the minimum and 

maximum value of each variable across the sites in which each species or guild was 

sampled.  A sensitivity index was developed and is calculated as the percentage of the 

variable range in which the species or guild was not found.  For example, the percentage 

of total-fine sediments deposited on the streambed ranged from 1-100% across the 

sampled sites. The northern studfish (Fundulus catenatus) was found in streams that 

ranged from 1-4% of the streambed as deposited fine sediments which represented 4% of 

the sampled range.  The northern studfish then receives a score of 96% as it was not 

found within 96% of the sampled range of deposited fine sediments.  The index is capped 

at 100% so this species would be considered to be highly sensitive to deposited fine 

sediments. Multiple methods for analyzing fish assemblage data were used to get a 

perspective on both assemblage and species specific associations with sedimentation.  

The ISA shows species most associated overall substrate and sediment conditions.  

Assemblage dominance across the classified substrate and sediment groups shows how 

the overall assemblage shifts across a gradient of stream conditions.  Individual 

associations, sensitivities, and ranges show how each individual species responds to a 

gradient of sediment conditions.    
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Results 

 

Fish Assemblage Composition 
 
 Sites sampled for fish were defined into four groups based on the similarity of the 

site’s substrate and sediment characteristics (Figure 24).  A cutoff of 10% information 

explained in the data was used to separate groups in the dendrogram.  The splitting of site 

8 and site 20 violated this cutoff but were combined with the closest associated groups 

for two reasons: 1) grouping them individually would have given two “groups” only 

encompassing one site each and 2) the matrix coding shows that these sites were similar 

in overall composition to the groups most associated with them.  For these reasons, 

grouping these sites regardless of the cutoff improved the strength of the analysis by 

increasing replication within the defined groups. Variables used to group the sites were 

pebble count measures, silt volume, sand volume, total fines volume, embeddedness, and 

total suspended solids.   
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Figure 24.  Two-way cluster classification of fish-sample sites based on pebble count, 
DSS, embeddedness, and TSS measures.  Groups are based on site similarity in substrate 
and sediment characteristics.  The classified groups are represented by color coding.  
Abbreviations for variables on the x-axis are: total suspended solids (TSS), 
Embeddedness (EmbScr), hardpan (HP), pebble count silt (Silt), deposited sediment 
sampler silt (Silt DSS), pebble count sand (Sand), pebble count total fines (TotalFns), 
deposited sediment sampler total fines (TotalDSS), pebble count sand-fine gravel 
(Snd/FG), pebble count coarse gravel (CG), pebble count cobble (CB), pebble count 
small boulder (SB), and pebble count bedrock (BR). 
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Correlations between DCA axis scores, substrate, and sediment measures show 

the variables most influential in separating the sites (Table 10).  Axis one of the DCA 

plot is negatively associated with embeddedness, silt composition, silt volume, total fine-

sediment composition, and suspended solids.  This axis is positively associated with 

coarse gravel, cobble, and bedrock.  Axis two of the DCA plot is positively associated 

with total fine-sediment composition and volume.       

Substrate and sediment characteristics in Group 1 (sites 2, 3, 4, and 15; Figure 24) 

had the highest relative abundances of the large substrates bedrock, small boulder, 

cobble, and coarse gravel (Figure 25).  Group 1 had the lowest abundances of silt, sand, 

hardpan and suspended solids which accounted for ≤ 15% of the overall samples.   

The highest relative abundances in Group 2 (sites 5, 7, 8, and 17; Figure 24) were 

sand composition, sand volume, total fine-sediment volume, and total fine-sediment 

composition (Figure 25).  Suspended sediments had the lowest relative abundances in 

these sites.  All other measures of sedimentation and substrate had intermediate relative 

abundances.  These sites contained a mixture of all substrate and deposited sediments 

while having low levels of suspended sediments.   

Variables with the highest relative abundances in Group 3 (sites 6 and 21; Figure 

24) were fine gravel composition, fine gravel coverage, and hardpan coverage (Figure 

25).   These sites also had intermediate levels of large substrates and sedimentation but 

had less coarse gravel and cobble when compared to the previously described groups 

(Group 2).  Sites in this group contained a mixture of suspended sediments, deposited 

sediments, and large substrates, however fine gravel substrates were dominant.   
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Variables with the highest relative abundances in Group 4 (sites 19, 20, and 24; 

Figure 24) were total suspended solids, embeddedness, silt composition, silt volume, and 

total fine-sediment composition (Figure 25).  Lowest relative abundances in these groups 

were substrates ≥ fine gravel.  Sites in this group had the highest levels of suspended 

solids, deposited silt, and embeddedness while having low levels of large substrates.   

Differences between the groups are summarized as follows.  Group1 was 

comprised mostly of large substrates (bedrock, small boulder, cobble, and coarse gravel) 

with little deposited or suspended fine sediments.  Group 2 was comprised mostly of sand 

and fine sediments, while also having substantial proportions of larger substrates (fine 

gravel, coarse gravel, cobble, and small boulder).  Group 3 was comprised of mostly fine 

sediments and fine gravel with little large substrates.  Group 4 consisted of mostly 

deposited silt, deposited fines, and suspended sediments.   
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Table 10.  Significant correlations (Spearman Rank) between site scores from DCA 

analysis and  pebble count, DSS, embeddedness, and TSS measures.  Significant 

associations between an axis and a variable represent the most influential factors 

describing the axis and are shown in bold.  

 

Axis 1 Axis 2 
Particle Size Spearman 

Coefficient 
P-Value Spearman 

Coefficient 
P-Value 

Embeddedness Score -0.9 <.0001 0.35 0.24 

Silt (Pebble Count) -0.9 <.0001 0.54 0.06 

Silt (DSS) -0.6 0.04 0.42 0.18 

Sand (Pebble Count) -0.19 0.53 0.32 0.28 

Sand (DSS) 0.28 0.38 0.46 0.13 

Total Fines (Pebble Count) -0.9 <.0001 0.56 0.04 

Total Fines (DSS) -0.3 0.34 0.61 0.03 

Total Suspended Solids -0.87 <.0001 0.33 0.27 

Sand & Fine Gravel 0.17 0.57 0.16 0.61 

Coarse Gravel 0.94 <.0001 -0.5 0.08 

Cobble 0.85 0.001 -0.48 0.1 

Small Boulder 0.54 0.06 0.43 0.14 

Hardpan -0.42 0.15 -0.13 0.68 

Bedrock 0.82 0.001 -0.25 0.41 
 



 

Figure 25.  Relative abundance plot showing the proportion of each substrate and 
sediment measure collected within each classified group.  Pebble count, DSS, 
embedddness, and TSS measures are shown in the graph.
the x-axis are: total suspended solids (TSS), Embeddedness (EmbScr), hardpan (HP), 
pebble count silt (Silt), deposited sediment sampler silt (Silt DSS), pebble count sand 
(Sand), pebble count total fines (TotalFns), deposited sediment sampler total f
(TotalDSS), pebble count sand
pebble count cobble (CB), pebble count small boulder (SB), and pebble count bedrock 
(BR). 
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.  Relative abundance plot showing the proportion of each substrate and 
sediment measure collected within each classified group.  Pebble count, DSS, 
embedddness, and TSS measures are shown in the graph.  Abbreviations for variabl

axis are: total suspended solids (TSS), Embeddedness (EmbScr), hardpan (HP), 
pebble count silt (Silt), deposited sediment sampler silt (Silt DSS), pebble count sand 
(Sand), pebble count total fines (TotalFns), deposited sediment sampler total f
(TotalDSS), pebble count sand-fine gravel (Snd/FG), pebble count coarse gravel (CG), 
pebble count cobble (CB), pebble count small boulder (SB), and pebble count bedrock 
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.  Relative abundance plot showing the proportion of each substrate and 
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Indicator Species Analysis, based on the four groups showed the species (Table 

11) and guilds (Table 12) significantly indicated by these four groups.  The substrate and 

sediment characteristics of the groups were considered indicative of approximately 50% 

of the species.  Of these 18 indicator species Group 1, Group 2, Group 3, and Group 4 

accounted for 43%, 38%, 5%, and 14% of these species, respectively.  Most of the 

species were indicated by characteristics of large substrates and low levels of suspended 

and deposited sediments.   

The four substrate/sediment classifications form three groups of related species 

(Figure 26).  The matrix coding shows that three fish groups are indicative of the four site 

classifications: mostly large substrates (Group 1), large substrates and fine sediments 

(Group 2), fine sediments and fine gravel (Group 3), and primarily fine sediments (Group 

4).  Group 1 and Group 2 separate individually based on relative abundance of indicator 

species.  Species associated with sediment Group 3 and Group 4 combined into one 

group.  There are also fish species that are present in both sediment Group 1 and Group 2, 

as well as species present between sediment Group 2 and Groups 3 and 4.  These results 

show that some species overlap across this gradient and that substrate size, deposited 

sediments, and suspended sediments are associated with some fish species more than 

others.  

Characteristics of substrate and sedimentation were also indicative of fish guild 

classifications.  Sites dominated by large substrates (Group 1) were indicative of benthic-

microphagic omnivores and insectivores.  Southern redbelly dace were classified as a 

benthic-microphagic omnivore and bleeding shiners were classified as insectivores.  
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These species were indicated by these guilds and were also indicated by sediment Group 

1.   

Sites with large substrates and fine sediments (Group 2) were indicative of 

macrophagic omnivores, benthic-macrophagic omnivores, egg buriers in rocky 

substrates, and spawners guarding eggs attached to rocky substrates.  No species were 

indicated by Group 2 and were also classified as benthic and non-benthic macrophagic 

spawners.  Egg burying species indicated by sediment Group 2 were orangethroat darters 

and the northern hogsucker.   

Sites associated with fine sediments and minimal large substrates (Group 3) were 

indicative of water-column generalist and invertivores-piscivore species.  No species 

were indicated by sediment Group 3 and were also classified by these guilds.   
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Table 11.  Fish species significantly shown to be indicative of the classified fish-sample 
sites.  Species are combined into one of four indicator groups, the indicator value, and p-
value from the Monte-Carlo randomization test.  Indicator value represents the percent 
indication based on the species relative abundance and frequency found within the 
indicator group.  Substrate and sediment measures used were pebble count, DSS, 
embeddedness, and TSS.  

Species 
Indicator 

Group 

Indicator 

Value 
P-Value 

northern studfish 1 100 0.0042 

mottled sculpin 1 95.1 0.0092 

bleeding shiner 1 86 0.0056 

slender madtom 1 84.2 0.0004 

fantail darter 1 77.4 0.0102 

smallmouth bass 1 75 0.0562 

rainbow darter 1 73.2 0.0574 

southern redbelly dace 1 68.1 0.1054 

hornyhead chub 1 61 0.0942 

blackstriped topminnow  2 75 0.0586 

longear sunfish 2 75 0.0586 

striped shiner 2 74.9 0.034 

blackspotted topminnow 2 70.1 0.0588 

bluntnose minnow 2 70 0.0844 

golden shiner 3 86.6 0.066 

black redhorse 4 81.4 0.0254 

yellow bullhead 4 68.6 0.0466 

bluegill 4 54.4 0.07 
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 Figure 26.  Two-way cluster analysis of sites based on indicator species and color coded 
substrate and sediment classification.  The vertical dedrogram shows the association of 
fish species based on relative abundance.  Horizontal dendrogram shows the organization 
of sites based on relative abundances of the indicator species.  Matrix coding shows a 
gradient of relative abundaces for each species with low abundances represented in white 
and highest abundances in black.  Site classifications were based on pebble count, DSS, 
embeddedness, and TSS.  Species abbreviations are described in Appendix A. 
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Table 12.  A list of guilds significantly shown to be indicative of the classified fish-
sample sites.  Shown in the table is the group indicating each guild, the indicator value, 
and p-value from the Monte-Carlo randomization test.  Indicator value represents the 
percent indication based on the guilds relative abundance and frequency found within the 
indicator group.  Substrate and sediment measures used were pebble count, DSS, 
embeddedness, and TSS. 

 

Guild 
Indicator 

Group 
Indicator 

Value 
P-Value 

guarding attached eggs 4 94.3 0.0118 

benthic macrophagic omnivore 4 90.2 0.0136 

insectivores 1 67.8 0.019 

invertivore-piscivores 3 52.3 0.02 

non-guarding buried eggs 4 49.9 0.053 

macrophagic omnivores 4 74.2 0.0836 

benthic microphagic omnivores 1 66.1 0.1144 

 

 

Within the four site classification groups, species and guild proportions were 

compared to evaluate changes in fish assemblage dominance.  Dominance of individual 

species (Figure 27), forage (Figure 28), reproductive (Figure 29), and trophic guilds 

(Figure 30) were explored.   

Major shifts in assemblage composition, from mostly large substrates (Group 1) 

to large substrates and fines (Group 2), were the reduction in bleeding shiners and the 

increase in mosquitofish, orangethroat darters, and bluntnose minnows.  Proportions of 

invertivores, livebearers, and water column species showed the greatest increases while 

nest associate spawners and small benthic fish showed the greatest decreases from large 

substrates and fines (Group 2) to fine sediments and fine gravel (Group 3).  Nest 

associate species in these sites were also classified as insectivores, which were shown to 
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be mostly replaced by invertivores with the addition of fine sediments in large substrate 

sites (Group 1-Group 2).  Nest associates were dominant in Group 2 and consisted of 

several species of insectivores that consisted of small proportions of the assemblage.  

These species were reduced from Group 1-Group 2 and eliminated with reduced large 

substrates and increased fine sediments in the transition from Group 2-Group 3.   From 

Group 2 to Group 3, water column species increased by 17% while proportions of small 

benthic species were reduced by 25%.  Changes in sediment conditions from Group 3 to 

Group 4 were associated with a sharp decline in stonerollers, a reduction in small benthic 

fish, and an increased proportion of generalist species.  Minimal changes in reproductive 

guilds were seen from Group 3 to Group 4.  Dominance results show clear shifts in 

assemblage composition, as sites shift from mostly large substrates (Group 1), to large 

substrates and fines (Group 2), to fine sediments and fine gravel (Group 3), to primarily 

fine sediments (Group 4).  Greatest changes in assemblage composition were shown 

when large substrates are replaced by fine gravel and deposited sediments (Group 2-

Group 3).  Suspended sediments were only at high levels (Group 4) when the streambed 

was dominated by fine sediments.     
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Figure 27.  Proportion of dominant species by substrate group.  Groups are classified 
based on pebble count, DSS, embeddedness, and TSS measures. Species are described in 
Appendix A. 
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Figure 28.  Proportion of dominant forage guilds by substrate group.  Groups are 
classified based on pebble count, DSS, embeddedness, and TSS measures.  Guild are 
described in Appendix B. 
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Figure 29.  Proportion of dominant reproductive guilds by substrate group.  Groups are 
classified based on pebble count, DSS, embeddedness, and TSS measures.  Guild are 
described in Appendix B. 
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Figure 30.  Proportion of dominant trophic guilds by substrate group.  Groups are 
classified based on pebble count, DSS, embeddedness, and TSS measures.  Guild are 
described in Appendix B. 
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Relations among Fish Species/Guilds and Sedimentation 
 

 All fine-sediment variables were significantly correlated to species (Figure 

31) and guilds (Figure 32).  Variables correlated with the greatest number of species 

(40%) were silt and suspended-sediment measures.  Forage guilds had the greatest 

correlations (19%) with measures of deposited silt.  Reproductive guilds (14%) were 

correlated with deposited silt, embeddedness, and suspended solids.  Trophic guilds only 

showed correlations to suspended solids which were correlated to 25% of these guilds. 

 Species and guilds showed wide ranging values of sensitivity (Figures 33 and 34) 

to measures of fine sediment.  Sensitivity values represent the proportion of the total 

sampled range in which a species/guild was not present.  The higher the sensitivity value 

the greater the sensitivity.  Species most sensitive to sedimentation were smallmouth bass 

(Micropterus dolomieu), northern studfish (Fundulus catenatus), rock bass (Ambloplites 

rupestris), bleeding shiner (Luxilus zonatus), mottled sculpin (Cottus bairdi), rainbow 

darters (Etheostoma caeruleum), orangespotted sunfish (Lepomis humilis), and the golden 

shiner (Notemigonus crysoleucas).  Fish species were the most sensitive to suspended 

sediments.  Forty seven percent of all the species included in analysis were found at < 

20% of the range of suspended sediments.  The forage guilds, benthic microphagic 

omnivores, herbivores, and insectivores were the most sensitive to sedimentation.  

 Additional information concerning fish-guild relationships is presented in 

Appendix C, D, and E.  Tables cover non-linear relationships of substrate and 

sedimentation measures to each fish species and guild.  Species and guild correlations to 

substrate and sediment measures are also presented.  Finally, the overall ranges and 
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sensitivities, based on substrate and sediment measures, of species and guilds are reported 

in Appendix F and G. 

 

Figure 31.  Bar graph showing the mean percentage of species significantly correlated to 
measures of sedimentation.  Measures of sedimentation used were pebble count, 
deposited sediment sampler, total suspended solids, and embeddedness. Significant 
correlations among species and measures of sedimentation are listed in Appendix D.   

 

 

Figure 32.  Bar graph showing the mean percentage of species and guilds correlated to 
measures of sedimentation.  Measures of sedimentation used were silt (pebble count and 
the deposited sediment sampler), sand (pebble count and the deposited sediment 
sampler), total fines (pebble count and the deposited sediment sampler), total suspended 
solids, and embeddedness.  Significant correlations among guilds and measures of 
sedimentation are listed in Appendix E. 
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Figure 33.  Bar graphs showing the mean sensitivity of species and guilds to all measures 
of silt and sand.  Species and guild abreviations are located in Appendix A and B.
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.  Bar graphs showing the mean sensitivity of species and guilds to all measures 
Species and guild abreviations are located in Appendix A and B.
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.  Bar graphs showing the mean sensitivity of species and guilds to all measures 
Species and guild abreviations are located in Appendix A and B. 
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Figure 34.    Bar graphs showing the mean sensitivity of species
measures of total fines and TSS.  
A and B.                   
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.    Bar graphs showing the mean sensitivity of species and guilds to all 
measures of total fines and TSS.  Species and guild abreviations are located in Appendix 
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Discussion 

Species defined by ISA analysis can be considered the species in which sediment 

and substrate play major roles in defining their Hutchinsonian Niche (Hutchinson 1957).  

This concept states that organisms have specific conditions in which they can survive and 

these conditions coupled with interactions between other biota define its ability to persist.  

Streams contain many characteristics which influence species differently and ultimately 

control assemblage composition.  The opposite is also true that species not associated 

with substrate and sediment conditions do not rely heavily on these variables to define 

their Hutchinsonian Niche.  

A species’ Hutchinsonian Niche consists of two subdivisions: the fundamental 

and realized niche (Diana 2004).  Fundamental niche defines the individual responses 

each species has to any particular factor and was hypothesized by the Fry Paradigm (Kerr 

1980).    Species have evolved through time in the presence of other species, limiting 

abiotic factors, and environmental stochasticity.  The fundamental niche is based on a 

species response in the absence of these interactions.  Thus, this study is unable to make 

any statements about fish species’ fundamental niche in relation to sedimentation.  

Realized niche is the reduced range of factors in which a species can persist in the 

presence of all other biota (Diana 2004). Stream conditions from which the fish were 

sampled represent each species realized niche and indicator species identified the species 

most associated with substrate and sediment conditions.  Thus, indicator species in this 

study are those species in which substrate and sediment conditions play an important role 

in defining the realized niche of stream fishes in the MORB.  Substrate and sediment 

conditions were indicative of about half the species making up fish assemblages in the 
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MORB.  Thus, half the fish assemblage in streams of the MORB is influenced heavily by 

substrate and fine sediments to define their realized niche.  I then hypothesize that the 

realized niche of the other half of the species in the MORB is not being controlled to a 

substantial degree by substrate and sediment characteristics.  Individual relations to 

sedimentation show certain non-indicator species are associated with sedimentation but 

ISA defines the species most spatially limited by sediment conditions.  These 

associations are important when considering species-specific management and are 

specific to associations between individual species and measures of sedimentation.  

Therefore, management focused on reducing anthropogenic sedimentation in the MORB 

will benefit by considering indicator species as they are most likely controlled by 

sedimentation and would be expected to be the most affected by excessive sedimentation.   

Numerous fish species and guilds were associated with stream sedimentation.  A 

greater proportion of species were indicative of low sediment conditions than of high 

sediment conditions.  Forage guilds had more significant correlates to measures of 

sedimentation when compared to reproductive guilds.  When compared to reproduction, 

forage guilds also shifted assemblage dominance to a greater degree across sediment and 

substrate classifications.  These results show that biotic assemblage responses to 

sedimentation may be a function of feeding.  Bonner and Wilde (2002) showed that 

species commonly found in highly sedimented streams had no change in feeding at low 

and high sediment levels.  However, species commonly found in lower sedimented 

situations had reduced feeding with increased sedimentation.  They concluded that 

species adapted to feed in highly sedimented streams have a greater ability to feed in low 

sediment conditions. Alternatively, species adapted to feeding in low sediment conditions 



110 
 

are less likely to be able feed in highly sedimented streams.  Therefore, species adapted 

to highly sedimented condition would still persist with reduced sedimentation, but the 

assemblage would be dominated by species adapted to lower sediment conditions.  

Bonner and Wilde (2002) provided experimental support for the changes in species 

dominance attributed to forage characteristics when suspended sediments were reduced in 

the Canadian River.  They used the study to conclude that foraging was the reason for 

sight feeding species overtaking native species adapted to highly turbid conditions.  

Alteration of the fish assemblage as a result of sedimentation was also attributed to 

foraging in the Colorado River (Osmundson et al. 2002).  Reduction in abundance of the 

Colorado pikeminnow was a result of increased sedimentation which led to a decrease in 

the macroinvertebrate community.  Macroinvertebrates are the primary prey of the 

pikeminnow and were considered the reason for decline in pikeminnow abundance. 

Replacement of species that historically inhabited the main channels of turbid rivers by 

sight feeders when turbid conditions were reduced have also been suggested  in 

Midwestern prairie rivers (Cross and Moss 1987, Pflieger and Grace 1987).  The results 

presented here support that foraging rather than reproduction may be the main driver 

controlling fish assemblages as a result of sedimentation in the MORB.  Forage 

requirements were also shown by Berkman and Rabeni (1987) to be more responsive to 

sedimentation than reproductive requirements.  Berkman and Rabeni (1987) suggested 

that this result may be an artifact of guild classification however I believe that, 

ecologically, reproduction would be less likely than forage requirements to control 

assemblage structure based on sedimentation levels.  Persistence in a stream requires that 

individuals of a species can both forage and reproduce however foraging requirements 
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must be satisfied continuously, while reproductive success is a periodic requirement.  The 

primary food base for many stream fishes is aquatic insects which are known to be more 

sensitive to perturbation than fish.  An altered sediment regime would then be expected to 

first alter aquatic insect communities, subsequently altering the prey base available to the 

resident fish assemblage.  Thus, throughout the year or with an altered sediment regime 

the probability of foraging conditions restricting biota would be greater than that of 

reproductive requirements.          

 Guilds are used in many publications to represent changes of a functional “super 

species” to some environmental perturbation and while little evidence supports it, 

members of a guild are expected to respond similarly to change (Austen et al. 1994).  

However, I suggest that combining indicative species and guilds can provide insights into 

the drivers that may be defining the realized niche of certain species.  A guild is a group 

of species sharing a similar ecological role (Simberloff and Dayan 1991), whereas a niche 

is the ecological roles that optimize an individual species success.  Therefore, a species 

indicative of certain conditions and also being a member of a guild indicative of the same 

conditions would result in functional characteristic of that guild being the likely driver of 

the realized niche requirements of the species.   

Streams associated with large substrates and minimal fines were indicative of 

benthic microphagic-omnivores and insectivores.  Fish species also indicative of these 

conditions, and included in these guilds, were southern redbelly dace and bleeding 

shiners, respectively.  Therefore, in these streams feeding conditions are maximized for 

these species and are the likely driver in defining their realized niche.  Habitats and life 

history descriptions (Pflieger 1997) of these fishes support this hypothesis.  Southern 
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redbelly dace feed on benthic algae and organic detritus and were the only species 

classified in this guild.  However, they were grouped with other species in reproductive 

guilds that were not indicative of large substrates and minimal fines.  It can then be 

concluded that feeding on benthic algae and detritus is the feeding niche exploited by 

southern redbelly dace making these conditions important in defining their realized niche.  

Bleeding shiners were classified as insectivores, as well as blackstripe topminnows, 

blackspotted topminnow, striped shiners, and redfin shiners.  However, Pflieger (1997) 

described the bleeding shiners as more restrictive feeders, relying mainly on sight feeding 

of insects floating with the current.  The other insectivores were described as relatively 

generalist feeders that can prey on terrestrial insects, aquatic insects, crustaceans, snails, 

and algae.  Substrate and sediment conditions in these streams are thus hypothesized to 

maximize the sight feeding success of the bleeding shiner.   

Streams associated with large substrates and fine sediments were indicative of 

non-guarding egg burying species.  Orangethroat darter and northern hogsucker were also 

indicative of these streams and included in this guild.  Other members of this guild were 

the rainbow darter, stippled darter, black redhorse, and golden redhorse.  Orangethroat 

darters and northern hogsuckers are described (Pflieger 1997) as requiring finer 

substrates for burying eggs than any of the other members of this guild.  Thus, 

reproductive conditions are maximized with the addition of fine sediments and are 

important to the realized niche for these species.   

Streams associated with mainly fine sediments were indicative of water-column 

generalists and invertivore-piscivores.  No species were both indicative of streams 

consisting mainly of fine sediments and also included in these guilds.  Therefore, species 
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associated with these guilds have a broader realized niche, when considering 

sedimentation, allowing them to persist in other sediment classifications.  This supports 

the previous discussion suggesting that species adapted to highly sedimented conditions 

can survive in low sediment conditions while species adapted to low sediment conditions 

are less likely to be able to survive in highly sedimented conditions.   

Shifts in assemblage dominance, from streams with primarily large substrates to 

those with large substrates and substantial fine sediments, showed a reduction in bleeding 

shiners and an increase in mosquitofish, orangethroat darters, and bluntnose minnows.  

Guild shifts between these classifications were a replacement of insectivores with 

invertivores.  Reduction of insectivores was primarily a result of reduced bleeding shiner 

abundance while the increase in invertivores was a result of increased proportions of 

mosquitofish.  Pflieger (1997) described bleeding shiners as primarily sight feeders of 

small aquatic insects while mosquitofish were described as more generalists preying on 

insects, crustaceans, rotifers, and snails. Addition of fine sediments in these streams are 

likely reducing the availability of the small aquatic invertebrates that bleeding shiners 

rely on for their specialized feeding.  Lemly (1982) showed that benthic insect 

communities were reduced by the filling of interstitial spaces.  When compared to 

streams with primarily large substrates, streams with large substrates and fine sediments 

would likely have reduced benthic insect communities presenting the opportunity for a 

generalist feeder like the mosquitofish to replace a specialized feeder (the bleeding 

shiner) as a dominant species in the assemblage.  Increases in orangethroat darters and 

bluntnose minnows are likely a result of reproductive requirements.  Increased 

proportions of these species corresponded to a reduction in the proportion of mottled 
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sculpin, fantail darter, and southern redbelly dace which are described by Pflieger (1997) 

as requiring larger substrates with minimal fine sediments for successful spawning.  

Alternatively, the orangethroat darter and the bluntnose minnow require sand and fine 

gravels for burying and depositing eggs.  Therefore, streams with additional fine 

sediments would be more conducive to the life history needs of the orangethroat darter 

and bluntnose minnow.  

The greatest shift in assemblage dominance occurred between streambeds with 

large substrates and streambeds dominated by fine gravel and fine sediments.  

Assemblages shifted from mainly small benthic species to water-column generalists.  

This shift was primarily a function of increased abundance of the exotic mosquitofish 

which also explained the increase in live bearers and invertivores. Reduction in small 

benthic fish was primarily a function of reduced proportions of bluntnose minnow and 

Ozark minnow.  Mosquitofish were described (Pflieger 1997) as being more generalist 

feeders than the bluntnose and Ozark minnow.  A shift from large substrates to primarily 

fine gravels and fine sediments would promote the further prevalence of generalist 

feeders like the mosquitofish as increased filling of interstitial spaces would further 

reduced benthic insect communities.   

A shift from streams consisting mostly of fine gravel and fine sediments to those 

primarily consisting of deposited silt and suspended solids produced a sharp decrease in 

stonerollers and benthic herbivores while leading to a further increase in invertivore 

feeders.  Berkman and Rabeni (1987) also found a decrease in abundance of stonerollers 

with increased siltation.  They cited reduced algal production, related to turbidity and 

lack of large substrates, as the likely reasons for reduced abundance.  Stonerollers have a 
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blade like extension on the jaw that is used for scraping algae of rocks.  Streams with 

primarily deposited silt would minimize the ability of stonerollers to feed (Berkman and 

Rabeni 1987) and subsequently lead to a reduced proportion within the overall fish 

assemblage.  The further increase in the forage guild of generalist invertivores is most 

likely a result of generalist species being better suited for feeding in these situations as 

specialist feeders like the stoneroller become unable to forage efficiently.     

These results agree with the theoretical prediction that variable habitats support 

generalist species while stable habitats should support more specialized species (Poff and 

Allan 1995).  They showed evidence of this trend based on hydrologic variability in 

Wisconsin and Minnesota streams.  It was also hypothesized that other factors were 

working in conjunction with hydrologic variability to define these relationships.  While 

they did not specify sedimentation as one of these factors, deposited silt was associated 

with streams having greater hydrologic variability.  I showed that generalist species were 

most associated with streams consisting primarily of fine sediments while specialist 

species were associated with streams having large substrates and minimal fines.  During 

spates, erosional inputs and suspension of bedded fine-sediments would produce greater 

variability in sedimentation when streams are highly sedimented at baseflow conditions.  

Alternatively, streams with low levels of baseflow sedimentation would have a more 

stable sediment regime during spates.  When compared to fine sediments, large substrates 

would make a streambed more stable due to the greater shear stress required to mobilize 

these particles.  Streams with the greatest levels of fine sediments were also associated 

with lower baseflow discharge, which would also result in greater hydrologic variability 

during spates when compared to a stream with higher baseflow discharges.  
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Sedimentation and hydrology are then concluded to be concurrently influencing 

functional biotic characteristics in stream assemblages.  Therefore, this study supports the 

theoretical relationships hypothesized by Poff and Allen (1995) to describe the relations 

between functional characteristics of fish assemblages and habitat variability.     

  Associations of species and guilds to sedimentation varied widely.  However, 

species had the most significant associations with suspended solids and deposited silt.  

The majority of forage guilds were associated with deposited silt while trophic guilds 

were associated with suspended solids.  Reproductive guilds were most associated with 

suspended solids and deposited silt.  Therefore, aspects of suspended solids and deposited 

silt were most influential to fish species in the MORB.  It can then be hypothesized that 

additions of anthropogenic suspended sediments and deposited silts would have the most 

deleterious effects on stream fishes of the MORB.        

Chapter V – Conclusion (Chapters III and IV) 
 

Linkages among watershed characteristics, sediment regime, and fish assemblages 

were shown in small streams of the MORB.  Soil properties of a watershed were shown 

to be associated with stream sedimentation and future research of watershed-stream 

sedimentation may benefit by accounting for variations in soil characteristics.  

Accounting for watershed soils will improve comparability between studies evaluating 

the influence of watershed processes on stream sedimentation.   

Natural and anthropogenic influences on in-channel sedimentation varied between 

soil properties of a watershed, demonstrating the underlying importance of watershed 

soils to stream systems.  Riparian width alteration and cropland were concluded to be the 

most likely influential anthropogenic contributors to stream sedimentation in the MORB.  



117 
 

In a “pristine” world stream sedimentation varies naturally and therefore, from a 

management perspective, these anthropogenic inputs of sediment may be used to identify 

priority areas in stream management within the MORB.   

Fish species showed variable responses to sedimentation.  Foraging, rather than 

reproduction, was hypothesized to be a more likely driver limiting the abundance and 

distribution of fish as a result of excess sedimentation.  When considering fisheries 

management related to sedimentation, species shown to be limited by sedimentation 

could be used to identify priority areas for implementation of management actions.  

Focusing on these areas would ensure that streams being most impacted by sedimentation 

are rehabilitated, thus maximizing the success of implemented management programs.         

 

Chapter VI - Relations among Measures of Substrate and Fine 
Sediments 

 

 

Introduction  

Multiple techniques were used to define the suspended sediments, deposited 

sediments, and substrate conditions in 3rd order streams of the MORB.  Multiple 

techniques were employed to: 1) to define the multi-faceted geomorphologic conditions 

of the sampled streams; 2) to evaluate associations among suspended sediments, 

deposited sediments, and substrate composition; 3) and to assess the techniques that most 

accurately characterized fluvial geomorphologic conditions in streams.   
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Study Area 

 

The Osage River Basin is located in mid-western Missouri and extends into 

eastern Kansas; however this study is limited to the section of the Osage River Basin 

within Missouri. The Missouri Osage River Basin (MORB) encompasses about 27,800 

km2 and covers part of both the Central Plains and Ozarks subregions.  The six subbasins 

that make up the Osage River drainage are the Grand River Basin, the Sac River Basin, 

the Pomme de Terre River Basin, the East Osage River Basin, the West Osage River 

Basin, and the Niangua River Basin (Figure 35).   

 

 

Figure 35.  Missouri Osage River Basin broken into its major sub-drainages. 



119 
 

 

Experimental Design and Methods (Objective II) 

 

Site Selection 

To provide a comprehensive evaluation of sedimentation, a group of sites were 

selected that encompass the range of sedimentation levels in the MORB.  Selecting sites 

consisted of classifying stream segments with ArcGIS data layers (1997 landuse 

classification) provided by the Missouri Resource Assessment partnership (MORAP).  

Further information on these layers can be obtained at: MORAP 4200 New Haven Rd, 

Columbia MO 65201 (Phone: 573-876-1834) or http://www.cerc.usgs.gov/morap/.  Data 

layers were produced from the 1:100,000 National Hydrography Dataset to disseminate 

segment-specify characteristics and is described in detail by Doisy et al. 2005.  Stream 

classifications designed to show associations between the sediment sampling techniques 

were generally based on watershed-level variables that have shown linkages to 

sedimentation (Doisy et al. 2005).  Variables used for classification were stream size (3rd 

order), percent coarse textured soils in the watershed, percent hydrologic groups B and D 

(soil permeability), and percent land use of forest, pasture, and cropland.  Sampled 

streams were limited to those of third order to reduce confounding effects stream size can 

have on levels of sedimentation.  Third order stream were selected over smaller stream 

sizes because they are more likely to have permanent flows, making the sampling 

duration required for this study logistically feasible.  Third order streams were selected 

over larger systems for 2 reasons: 1) third order streams represent a larger proportion of 
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stream miles in the basin when compared to larger systems, 2) the fewer numbers of 

larger streams in the basin were less conducive to a spatial assessment of sedimentation 

in the MORB,    

Soil classifications consisted of varying degrees of percent coarse-textured soil and 

the percent hydrologic-soil groups within the watershed of each stream segment.  The 

percent of coarse-textured soil in each watershed was divided into two categories: 

watersheds dominated by coarse-textured soils (CTS, >70 % coarse textured soils) and 

watersheds dominated by non-coarse-textured soils (NCTS, > 70% coarse textured soils).  

Major hydrologic soil groups present within the Osage River Basin are B, C, and D.  

Hydrologic group B is characterized by moderate infiltration and is well drained with 

moderately-coarse soils and moderate transmission rates (Miller and White 1998).  

Hydrologic group D is characterized as having very slow infiltration, nearly impervious 

drainage, clay soils, and very slow rates of transmission (Miller and White 1998).  

Hydrologic group C and the mid-range levels of coarse-textured soils were omitted to 

reasonably narrow the number of sampled sites while still allowing the assessment of 

overall range of soil conditions within the basin.  Classification of a segment as being 

dominated by hydrologic group B (HGB) or D (HGD) meant that the group was present 

in > 70% of the watershed.  Dominance of > 70% of these soil properties ensured that 

these properties were dominant and that a sufficient number of streams were available for 

selection.  A total of three combinations of the two texture categories and the three 

hydrologic soil groups were included within the sites.  The combinations included are, 

watersheds dominated by coarse-textured hydrologic-group B soils (coarse textured-

hydrologic group B), watersheds dominated by non-coarse textured hydrologic-group B 
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soils (non-coarse textured-hydrologic group B), and watersheds dominated by non-coarse 

textured hydrologic-group D soils (non-coarse textured-hydrologic group D).    Each of 

these combinations (coarse textured-hydrologic group B, non-coarse textured-hydrologic 

group B, and non-coarse textured-hydrologic group D) was further divided into its 

dominant landuse to bring the total combinations to eight (Table 13).  Landuse categories 

were forestland, cropland, and pastureland.  Maximum percent of each landuse, within 

each soil combination, were selected for sampling to account for the range of land uses in 

the MORB.  Urban development was omitted as a classification variable due to the 

minimal presence of this landuse.  Of the stream segments meeting the soil 

classifications, the maximum percentage of urban land in a watershed was 9% and < 10% 

of the stream segments had more then 1% urban land in the watershed. These 

classifications produced a set of stream segments that should represent the range of 

sediment and watershed conditions present in 3rd order MORB streams.   
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Table 13.  Schematic of the sampling design for sediment and fish assessment, including 
acronyms used in the text.  Watersheds dominated by soil textures and hydrologic groups 
are defined as those having >70% of these variables in each individual watershed.  The 
percentages below each land use depict the percentage limits represented in each 
watershed, for each soil classification.  Landuse percentages vary because the range of 
each landuse varied from one soil classification to the next. 

 

 

When choosing a reach to sample, the first step was to select a starting point.  

Within each stream segment all road crossings were considered viable access points and 

the crossing with safe access and landowner permission was chosen as an acceptable 

stream access.  Downstream borders of each reach was located by walking upstream until 

alteration of the stream channel caused by road crossing was visually undetectable.  A 

total of 30 sites were sampled (Figure 36) and characterized to the degree of 

sedimentation from May 2006 through August 2007.   

 

 

Osage River Basin 
Coarse Textured 

Soils (CTS) 
>70% 

Non-Coarse Textured Soils (NCTS) 
>70% 

Hydrologic Group B 
(CHGB) 

Hydrologic Group B 
(NHGB) 

Hydrologic Group D 
(NHGD) 

Forest 
>70% 

Pasture 
>65% 

Forest 
>60% 

Pasture 
>65% 

Crop 
>20% 

Forest  
>20% 

Pasture  
>70% 

Crop 
>45% 

n = 4 n = 4 n = 5 n = 5 n = 3 n = 3 n = 3 n = 3 
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Figure 36.  Map indicating the sampled sites within the MORB.   

 

Reach Determination 

At each site a reach of 40 times the mean wetted stream width was established.  

Reach determination was based on a procedural option (proportional-distance 

designation) used in the United States Environmental Protection Agency’s Rapid 

Bioassessment Protocol for Wadeable Streams (Barbour et al. 1999).  Mean wetted width 
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was determined by taking the average of at least 5 wetted-width measurements 

representing at least one measure from each available habitat (riffle, run, and pool).  

Standardizing reach lengths limits reach specific variation in stream size to negligible 

levels.   

 

Sediment Sampling 

 

Deposited Sediment 
 

Four techniques were used to sample deposited sediment and overall bed 

classification at each site.  Multiple measurements of sediment were used, due to the 

differing strengths of each technique and the potential for a single measurement to 

quantify sediment composition inadequately (Young et al. 1991).  Sampling techniques 

were 1) percent of substrate embedded in fines, 2) surface-cover estimation of particle 

size coverage, 3) Wolman pebble count, and the 4) Turner-Hillis deposited sediment 

sampler (described in Chapter 7).  In each individual riffle, run, and pool habitat at each 

site, three equally spaced surface cover, embeddedness, and substrate composition 

estimates were made at three equally-spaced transects (min. 12 transects/site).  Transects 

were set at 25%, 50%, and 75% of the habitat length and estimations were made at 25%, 

50%, and 75% of the width of each transect. To insure equal representation, habitats that 

represented a large proportion of the reach received additional measurements (i.e. large 

pools).  Wolman pebble count measurements at each site were taken along transects 

spaced seven meters apart over the entire reach.  Equally spacing transects when taking 

the Wolman pebble count evaluations provides a systematic measure at each site that 
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proportionately represents the available habitat and thus the streambed at each site.  The 

DSS samples were taken along 15-20 transects at each site and samples were taken 

proportionately to the area of each habitat type within each reach.  These transects were 

spaced equidistantly in each individual habitat (riffle, run, and pool) and one DSS sample 

was taken at a random point along each transect.  This allows for random sampling that 

represents the available habitat in each sampled reach and thus provides a valid estimate 

of the mean volume of deposited sediment at each site. 

  Embeddedness estimations determine the extent to which particles on the stream 

bed are embedded in fine sediments.  One estimator chose several random particles, 

within the surface-cover estimate plot, and an estimate was made of the percentage of 

each particle that is surrounded by fine sediments (Doisy et al. 2005).  Embeddedness 

break is a change in particle coloration from dark to light and the presence of fines 

surrounding the particle.  These estimates are recorded in 25% categories of 0-25%, 26-

50%, 51-75%, and 76-100%.   

Percent of each substrate size class is an estimation of the proportion of the total 

area each size class represents in the square-foot section on which the surface cover and 

embeddedness estimations were made.  Substrate classes included: fines (non gritty 

particles), sand-fine gravel (0.06-16mm), coarse gravel (16-64 mm), cobble (64-250 

mm), small boulder (250-1000mm), large boulder (1000-4000 mm), bedrock, and 

hardpan.  Hardpan is defined as fine particles that have been compacted to form a bed 

substrate that is resistant to erosion.  Each of two observers made independent estimates 

recorded to the nearest 5% increment.  The mean of the two estimates was recorded if the 

independent estimate between the observers was within 20%.  However, if the two 
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observer’s estimates were >20% apart the estimates were discussed until both estimators 

agreed on a value.  These classifications are modified from Kaufmann and Robinson 

(1998), and provide an estimate of the benthic particle size distribution at each site.   

Wolman pebble count provides a measurement of the particle-size distribution of 

the stream bed.  Transects were established and a channel particle was selected and 

measured at a designated interval along each transect.  Particle sizes were determined by 

the hand-held particle-size analyzer (US-SAH97).  This analyzer reduces operator 

variability and has effectively produced comparable particle size distribution analysis 

(Potyondy and Bunte 2002).  A total of ten particles were selected and measured at 

evenly spaced intervals along each transect.  This allowed for the measurement of 100+ 

particles at each site which is recommended by Bain and Stevenson (1999).  One 

individual selected a particle by lowering his pointer finger at each equally spaced 

interval along the transect and recovering the first particle contacted (modified from Bain 

and Stevenson (1999) and Wolman (1954).  The selecting individual refrained from 

looking at the stream bed before particle selection to avoid any observational biases.   

   The 15-20 DSS samples were taken proportionately to the area of each 

individual habitat to provide a representative assessment throughout the reach.  

Proportion of samples taken in each individual habitat was estimated to avoid disturbing 

the deposited sediments before sampling.  In each individual habitat, transects were 

equally spaced based on the number of samples and the length of the habitat.  Laboratory 

procedures followed the techniques used in Doisy et al. 2005.  Techniques, abbreviations, 

and definitions of deposited sediments measures used in analysis are provided in Table 

14. 
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Suspended Sediment 
 

Samples were taken using the Equal Width Interval (EWI) technique for 

suspended sediment characterization (Nolan et al. 2005).  The EWI accounts for 

variability in sediment transport, through standardizing areas with varying current flow 

and depth.  The manual depth-integrated suspended sediment water sampler was used for 

collection of suspended sediments when using the EWI method.  In areas lacking flow 

the EWI method and the US DH-81 is not applicable.  Alternatively, in these areas grab 

samples were taken at about 50% of the water depth and in the middle of the stream.  

Standardization was accomplished by lowering the US DH-81 sampler at a constant rate 

and through the capture of water isokenetically, variation in flow and depth are 

eliminated.  This technique is applicable in habitats with flow and >1 foot water depth.  

Power analysis run on preliminary data showed that 7 samples per site are needed to 

provide statistical significance, therefore to err on the side of caution a total of 10-15 

individual samples were taken at each site and the samples were collected about 

equidistant from one another moving downstream to upstream.  The distance between 

samples was estimated to avoid suspending deposited sediments as a result of walking 

through the stream and thus producing a false measurement.   

Total-suspended solids (TSS) were determined in the laboratory following the 

Standard Methods protocol (APHA 1995) of filtration and ash drying.  Samples were 

heated to 550˚C to burn off organic materials leaving milligrams of inorganic sediment 

per milliliter of water in each sample.  Nephelometric turbidity units (NTU) were 
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measured using a Hach turbidity meter.  Techniques, abbreviations, and definitions of the 

suspended sediments measure are provided in Table 14. 

 

 
Table 14.  Definition of the measured variables and identification of the associated 
technique used to evaluate these variables.  An abbreviation used for each variable in 
analysis is also provided. 

 
Technique Abbreviation Definition 

Surface Cover Estimation 

SChp Percent surface coverage of hardpan 
SCslt Percent surface coverage of silt 
SCFG Percent surface coverage of fine gravel 
SCCG Percent surface coverage of coarse gravel 
SCCB Percent surface coverage of cobble 
SCBR Percent surface coverage of bedrock 

Wolman Pebble Count 

HP Percent composition of hardpan 
Silt Percent composition of silt 

Sand Percent composition of sand 
TotalFns Percent composition of total fine sediments 
Snd_FG Percent composition of large sand (> 2mm) and fine gravel 

CG Percent composition of coarse gravel 
CB Percent composition of cobble 
SB Percent composition of small boulder 
BR Percent composition of bedrock 

Turner-Hillis Deposited 
Sediment Sampler 

DSSSilt Volume of silt (ml/179.5 cm2) 
DSSSand Volume of sand (ml/179.5 cm2) 
DSSTotal Volume of total fine sediments (ml/179.5 cm2) 

Suspended Solid (EWI and 
Grab Samples 

TSS Ash weight of suspended solids (mg/l) 

Embeddedness Estimation EMBScr Embeddedness of streambed substrates 
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Data Preparation 

A single value was calculated at each site for each substrate and sediment 

variable.  Surface-cover estimates were standardized by calculating the mean surface 

coverage of each particle size making up the streambed, weighted by the area of each 

habitat (riffle, run, and pool).  Areas of coverage for each particle size were then 

individually summed across the three habitat types and divided by the total area of the 

sampled reach, resulting in quantification of percent cover of each particle size in the 

sampled reach.   

Site means for TSS and the volume of silt, sand, and total-fine sediment values 

(DSS) were calculated by averaging all samples from each site.  It was not necessary to 

standardize by habitat type when preparing this data as the sampling design was setup to 

account for available habitats (riffle, run, and pool) proportionate to the area of each 

habitat within the sampled reach.   

The level of embeddedness at each site was represented as a single index score.  

Field estimation of embeddedness was recorded based on four categories: 1=0-25%, 

2=26-50%, 3=51-75%, and 4=76-100%.  Using the categorical mean or frequency of 

these categories limit the description of site embeddedness as a whole, so an index score 

was developed to provide additional information.  Equation used to calculate this index is 

presented below. 

 

����� ��	
� � ��������� �����	
� � 50% � ��100 � % 	� ��� �������� �����	
� � 50% 
100 ! 
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“Cumulative category > 50%” represents the embeddedness category that 

accounts for more then 50% of the samples taken in each stream.  For example, consider 

a stream with 100 embeddedness samples of which 20 samples were category 1 (0-25% 

embedded), 45 were category 2 (26-50% embedded), 20 were category 3 (51-75% 

embedded), and 15 were category 4 (76-100% embedded).  The “cumulative category > 

50%” for this stream would be 2, because addition of the first two categories accounts for 

> 50% of the samples.  Cumulatively these categories add to 65 (% of the cumulative 

category > 50%), so the remainder of the equation equals (100 – 65)/100 or 0.35.  The 

score for this site would equal 2 + 0.35 or 2.35. A score of 2.35 is interpreted as the 

majority of the streambed (>50%) being embedded ≤ category 2 (26-50% embedded) and 

35% of the bed being embedded at a level > category 2 (26-50% embedded).            

 

Statistical Analysis 

Relations among all measures from of TSS, DSS, surface cover, embeddedness, 

and the Wolman pebble count were evaluated using Spearman’s rank correlation (" �
 0.05) coefficient (SAS Analyst 9.1) and hierarchical cluster analysis (McCune and Grace 

2002).  Positive significant correlations were used to show the measures that were most 

similar.  Negative correlations are informative and important, but I will focus on positive 

correlations to assess the similarities between different measures and techniques.  

Hierarchical clustering is a multivariate agglomeration technique that seeks to merge 

objects into groups with other similar objects.  Almost anytime groups are sought from 

multivariate data and the data can be represented in a distance matrix is an appropriate 

time to apply this technique (McCune and Grace 2002).  Cluster analysis was used to 
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identify the similarities in information explained in the data when comparing 

measurement techniques.  Information explained in the data describes the degree to 

which variables are related to one another.  This analysis groups all the measures based 

on a dissimilarity matrix and measurement techniques are grouped based on distance 

measure and linkage method.  The dendrogram produced from cluster analysis organizes 

the measurements based on the degree to which they are associated.  Measures organized 

in close proximity provide the most similar evaluations of sedimentation while those 

organized the farthest apart gave the least similar evaluations of sedimentation.  Sites 

were clustered based on all substrate and sediment measures to show which measures 

gave the most similar results.  Varying measurement techniques produced evaluations 

defined by different units and as a result each measure was relativized to a proportion of 

the maximum sample of each technique.  For each site, each measure of suspended 

sediments, deposited sediments, and substrate (Table 14) was represented by the 

relativized proportion of each technique to the summed samples of each technique across 

all sites.  The linkage method chosen was flexible beta (β = -0.25) with the Sorensen 

distance measure.  These clustering properties were chosen to avoid distortion and 

maximize defensibility of ecological analysis by limiting assumption violations 

associated with multivariate analysis (McCune and Grace 2002). 

 

Results 

Wolman Pebble count and surface-cover estimations were positively correlated 

(Table 15) and information explained in the data was similar between comparable 

measures (Figure 37).  Measures explaining similar information in the data are those that 
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are providing similar assessments across all sample sites.  Excluding measures of 

hardpan, each substrate-size class of the pebble-count measure was significantly 

correlated to its corresponding size class of surface-cover estimation (Table 15).  Positive 

significant correlations between the measures showed evidence of three groups: 1) 

measures of large substrates (pebble count and surface cover measures) which had 

significant and positive correlations for all comparable sizes (Table 15); 2) pebble count, 

surface cover, and DSS evaluations of sand and fine gravel (Table 16); and 3) silt 

evaluations of the pebble count, surface cover, DSS sampler, embeddedness and total 

suspended solids (Table 17).   

Cluster analysis showed that particle size distributions, evaluated by the pebble 

count and surface-cover techniques, were more closely associated to one another than to 

the other measures of sedimentation (Figure 37).  Measures clustered together in the 

dendrogram are highly associated and are giving similar evaluation of sedimentation and 

substrate.  Variations in particle size and concentration represent different aspects of a 

stream’s physical characteristics.  Variables that were not highly associated were 

evaluations of embeddedness, fine-sediment volume (DSS measures), and suspended 

sediments (Figure 37).  Correlation and cluster analysis showed that measures of 

substrate, fine-sediment composition, fine-sediment volume, embeddedness, and 

suspended solids were associated, but these associations were weak.   
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Table 15. Spearman rank correlations (n = 25) of sediment and substrate measures 
between the Wolman pebble count (rows) and surface-cover estimations (columns).   
Relationships with significant positive associations are indicated in bold. 

 
Silt Sand 

Total 
Fines 

  Fine 
Gravel 

Coarse 
Gravel 

Cobble 
Small 

Boulder 
Hardpan Bedrock 

SC 
Hardpan 

r 0.28 -0.02 0.11 0.37 -0.15 -0.35 -0.42 0.25 -0.45 
P-Value 0.18 0.92 0.60 0.07 0.49 0.09 0.04 0.23 0.02 

SC Silt 
r 0.80 -0.01 0.71 -0.19 -0.72 -0.63 -0.14 0.23 -0.63 

P-Value <.0001 0.98 <.0001 0.38 <.0001 0.001 0.52 0.27 0.001 

SC Fine 
Gravel 

r -0.18 0.25 -0.11 0.61 0.20 0.02 -0.16 -0.42 -0.12 
P-Value 0.40 0.22 0.61 0.001 0.35 0.91 0.45 0.04 0.57 

SC 
Coarse 
Gravel 

r -0.83 -0.19 -0.90 0.08 0.96 0.77 0.45 -0.03 0.48 
P-Value <.0001 0.35 <.0001 0.70 <.0001 <.0001 0.03 0.90 0.01 

SC 
Cobble 

r -0.76 0.00 -0.69 -0.10 0.70 0.81 0.57 0.09 0.70 
P-Value <.0001 0.99 0.00 0.63 <.0001 <.0001 0.00 0.68 <.0001 

SC 
Bedrock 

r -0.67 0.13 -0.53 -0.05 0.41 0.61 0.26 0.03 0.86 
P-Value 0.001 0.52 0.01 0.82 0.04 0.001 0.21 0.87 <.0001 

 

 

 

 

Table 16.  Positive Spearman rank correlations (n = 25) of measures of sand and fine 
gravel between the Wolman pebble count (PC), deposited sediment sampler (DSS), and 
surface-cover estimation (SC).  Relationships with significant positive associations are 
indicated in bold. 

 SC Fine 
Gravel 

PC 
Sand 

PC Fine 
Gravel 

DSS 
Sand 

SC Fine 
Gravel 

r 1 0.25 0.61 0.41 
P-Value 

 
0.22 0.001 0.04 

PC Sand 
r 

 
1 0.53 0.58 

P-Value 
  

0.01 0.001 
PC Fine 
Gravel 

r 
  

1 0.65 
P-Value 

   
0.001 
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Table 17.  Positive Spearman rank correlations (n = 25) of measures of silt, suspended 
solids, and embeddedness.  Relationships with significant positive associations are 
indicated in bold.  Suffixes represent different techniques: SC = surface cover, PC = 
pebble count, DSS = deposited sediment sampler, TSS = total suspended solids, and 
EMB = embeddedness. 

 
 

SC 
Silt 

PC Silt 
PC Total 

Fines 
DSS Silt DSS Total TSS 

EMB 
Score 

SC Silt 
r 1 0.80 0.71 0.64 0.39 0.55 0.69 

P-Value 
 

<.0001 <.0001 0.001 0.05 0.001 0.001 

 PC Silt 
r 

 
1 0.89 0.70 0.47 0.75 0.69 

P-Value 
  

<.0001 0.001 0.02 <.0001 0.001 
PC Total 

Fines 

r 
  

1 0.55 0.57 0.72 0.79 
P-Value 

   
0.001 0.001 <.0001 <.0001 

DSS Silt 
r 

   
1 0.65 0.59 0.37 

P-Value 
    

0.001 0.001 0.07 
DSS 
Total 
Fines 

r 
    

1 0.54 0.36 
P-Value 

     
0.01 0.08 

TSS 
r 

     
1 0.67 

P-Value 
      

0.001 
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Figure 37.  Relativized dendrogram showing the relative relations and information 
explained by each measure of substrate and sedimentation.  Color coding represents 
variables of each sampling technique.  Surface cover measures are prefixed with “SC”, 
DSS measures with “DSS”, and pebble count measures are not prefixed.  Substrate and 
sediment abbreviations are as follows: Hp = hardpan, Slt = silt, TotalFNS = total fine 
sediments, TSS = total suspended solids, EMB = embeddedness, CG = coarse gravel, CB 
= cobble, BR = bedrock, and SB = small boulder.  

 

Discussion 

 
Pebble count and surface-cover estimations provided similar evaluations of both 

substrates and sedimentation.  Strong correlations and similar evaluations were seen 

between comparable measures of each technique (i.e. PC silt = SC silt and PC cobble = 

SC cobble).  While these techniques differ, by defining composition (pebble count) 

versus coverage (surface cover), both techniques are evaluating surface material of the 

streambed.  Similarities among the two techniques are then logical, as they are describing 

the same physical aspect of the stream.  Thus, pebble count and surface-cover estimations 
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are providing the same definition of sedimentation.  However, surface-cover estimations 

are inherently subjective (Wang et al. 1996), lack precision and accuracy with increased 

heterogeneity of the streambed (Kaufmann 1999, Scholz 2001), and in this study took 

longer to complete in field evaluations.  An additional issue is the problem of variation 

caused by suspended solids when making visual estimations.  Several sample sites were 

turbid to the point the bed was not visible and estimations were made based on touch 

rather than sight.  Variations between touch and sight were shown to increase the 

subjective nature of surface-cover estimations when compared in laboratory evaluations 

of the DSS sampler.  Pebble-count estimations rapidly provide large samples, but can be 

limited by observer bias and repeatability (Whitman et al. 2003).  Pebble-count 

evaluations of overall bed composition have methodological benefits and fewer 

limitations than surface-cover estimations, while providing comparable information.  

Therefore, rather than surface-cover estimates, pebble counts could be used to best 

evaluate physical streambed characteristics (Kondolf 1992). 

Lack of significant correlations between measures of sand and silt shows that 

levels of these variables are not strongly linked.  However, both sand and silt were 

significantly correlated with total-fine sediments.  Therefore, grouping measures of sand 

and silt into one value of total-fine sediments is not recommended.   Sand and silt 

constitute different size classes of particles (Kaufmann and Robinson 1998, Potyondy and 

Bunte 2002) within a stream and as a result would not be expected to identically 

influence the physical and biotic aspects of a stream.  When compared to sand, silts have 

a lower applied stress required for entrainment and are more susceptible to suspension in 

the water column and remain in suspension for longer periods of time (Leopold 1964).  



137 
 

Silt transports downstream at a faster rate (Einstein 1950, Leopold 1964) and, in 

deposition, will increasingly reduce the coarseness of the streambed when compared to 

sand.  Thus, excessive inputs of sand or silt to a stream will change water quality and 

streambed characteristics in different ways.  Sand and silt having different influences on 

the physical attributes of a stream would subsequently be expected to produce varying 

effects on biota.  Therefore, combining sand and silt into one measure of total-fine 

sediments could mask the true interactions associated with excessive stream 

sedimentation.   

All techniques measuring silt, embeddedness, total fine-sediments, and TSS were 

significantly correlated, but some of them grouped out separately in cluster analysis.  

Embeddedness and TSS levels grouped together and therefore similarly characterized 

sedimentation in this study.  Embeddedness evaluations were time-consuming (Zweig 

and Rabeni 2001), limited to broad categories, and subjective.  Therefore, this measure 

was of limited use in this study.  Measures of silt and sand volume (DSS) grouped 

separately as did measures of silt and sand composition (pebble count).  Differential 

grouping of TSS, sand volume (DSS), silt volume (DSS), and pebble count evaluations 

are logical, as these techniques are measuring separate aspects of sedimentation.  

Measures of total suspended solids, at baseflow, quantify the smallest particles that are 

most susceptible to entrainment.  Sand and silt volume (DSS) estimates the three 

dimensional quantity of sediment per area of streambed and the pebble count evaluates 

the proportion of sand and silt on the surface of the streambed.  Therefore, combining 

evaluations of suspended solids, sand volume (DSS), and silt volume (DSS), with pebble-

count evaluations provides additional insights into different aspects of stream 
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sedimentation.  This combination of techniques provided the most accurate evaluation of 

sedimentation in third order MORB streams.  Inadequacies of a single measurement of 

substrate composition have been shown to limit assessment of sedimentation impacts on 

cutthroat trout in the Colorado River (Young et al. 1991).  Young (1991) contended that 

particle size distribution was more important, for assessing impacts on trout, than a single 

measure because it implicates the way in which a particular stream is disturbed.  Using a 

combination of suspended solids, sand volume, silt volume, and pebble-count evaluations 

provided the most accurate assessments of stream sedimentation.   

 

Chapter VII - A Sampler for Quantifying Deposited Fine Sediments in 
Streams 

 

 

Introduction  

Excessive stream sediments are considered a major pollutant (Waters 1995), 

affecting approximately 38% of streams and rivers in the United States (National Water 

Quality Inventory; USEPA 2000) and the Environmental Protection Agency (EPA) 

considers anthropogenic sediment the most significant pollutant to the waters of the U.S. 

(Clean Water Act Section 303(d); USEPA 2000).  Excessive fine sediments affect biota 

in two forms: suspended within the water column and deposited on the stream bed.  

Approximately 25% of Americas streams have been shown to be most impacted by 

deposited sediments and deposited sediments are 2.4 times more likely to produce poor 

biological condition in streams (The Wadeable Streams Assessment; USEPA 2007).  
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Each form has different effects on biota (Bruton 1985, Berkman and Rabeni 1987, Lisle 

and Eads 1991, Rabeni and Smale 1995, Newcombe and Jensen 1996) and both must be 

accounted for when evaluating stream sedimentation.    

Sampling protocols have been standardized and accepted for suspended sediments 

(Nolan et al. 2005) but not for sampling deposited sediments (Young et al. 1991, Mebane 

2001).  Deposited sediments are currently evaluated two ways: collection samplers and 

point samplers.  Collection samplers are usually modification of pit traps or infiltrations 

bags (Lisle and Eads 1991, Gray 2005) placed instream and allowed to collect sediment 

over a period of time.  These samplers have problems including extended field setup and 

collection time, washout of fines, and loss of samplers during spates (Lachance and Dube 

2004).  Common point sampling techniques include core samplers, the Wolman pebble 

count (Wolman 1954, Potyondy and Bunte 2002), surface-cover estimation (Bain and 

Stevenson 1999), embeddedness estimation (Sylte and Frischenich 2002), and 

photographic analysis (Whittman et al. 2003).  Each of these techniques has 

disadvantages that limit their use resulting in a lack of standardization and comparability 

in fine-sediment evaluations (Zweig and Rabeni 2001; Whitman et al. 2003).  The 

objective of this study was to develop and test the efficiency of a point sampler, named 

the Turner-Hillis Deposited Sediment Sampler, (DSS) which can measure fine-deposited 

sediment accurately and precisely in wadeable streams and is widely applicable, portable, 

repeatable, and inexpensive.  This study assumes that the major sources of variation 

affecting accuracy of sampling deposited sediments are deposited sediment size, 

deposited sediment concentration, particle size composition of the stream bed, water 

depth, and variation between operators.  



140 
 

 

Methods and Materials 

Sampler Construction and Design 
 

 Four components make up the sampler: the door, sample chamber, piston, 

and casing (Figure 38).  Pieces of the sampler sequentially fit together, in the 

aforementioned order, and are attached to one another with draw-catch latches.  Diagrams 

for construction, a parts list, and necessary tools are presented in Appendix A2.  

 

 

Figure 38. Diagram of the deposited sediment sampler (DSS) showing the four major 
components.  
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The DSS functions to circumscribe, collect, and retain fine deposited sediments 

(<2 mm) within a 179.5 cm² (28.26 in²) area of stream bed.  The piston creates an upward 

force through the door, when it is manually moved upward, at a stroke duration of about 

0.5 seconds, forcing water to enter the sample chamber.  When the piston reaches the 

casing the sample is retained within the chamber as the weight of the water in the sample 

forces the door closed.  When deployed instream, the door sits on the stream bed and the 

water is brought over and through the bed substrates carrying the fine sediments within 

the sample area into the sample chamber.  On the bottom of the door a galvanized screen 

keeps particles greater then 6-mm diameter from entering the sampler and clogging the 

door. 

 

Efficiency Evaluations 
 

Laboratory Apparatus and Procedures 

Sampler efficiency was evaluated in relation to deposited sediment size, deposited 

sediment concentration, channel substrate size, operator variability, and water depth.  

Efficiency tests were made using an apparatus consisting of an 18.9 L (5 gal) sample 

container filled with water to a depth of 25 cm, with simulated bed conditions varying in 

channel substrate sizes (Figure 39).  Deposited sediment was introduced from the top and 

a near even distribution on the channel substrate was assured by the following.  Two 

identical pieces of 4.8-mm (3/16”) perforated hardboard (31 cm X 31 cm) were placed 

together on top of the apparatus.  The top piece had affixed a 10-cm tall ring identical in 

diameter to the container base to hold the fine sediment sample.  The hardboards were 
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offset slightly and the appropriate amount of sediment was placed within the ring and 

leveled.  Holes in the hardboard were then aligned to allow the sediment to pass through 

and evenly deposit on the bottom.  The sediment was then allowed to settle for 1 hr 

before testing.  Deposited sediment samples were measured by volume (ml) using Imhoff 

settling cones and because the deposited sediment concentration (ml/area) was known the 

amount or percentage recovered could be calculated.  The term “recovery”, hereafter, 

represents the quantification of each sample through Imhoff analysis.  Surface-cover 

estimations were also conducted by the same procedure for comparative purposes.  

 

 

Figure 39. Diagram of the sediment apparatus used for efficiency tests of the DSS.   
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Sampler Efficiency 

 The recoveries of three deposited particle sizes from four different channel 

substrate sizes were evaluated.  Size categories of deposited sediment ranged from: 0-63 

µm (silt), 63-850 µm (fine sand), and 850 µm -1.4 mm (coarse sand) (modified from 

Lazorchak et al. 1998).  Channel substrate sizes ranged from: 2-16 mm (gravel), 17-64 

mm (small cobble), 65-150 mm (large cobble), and none (simulated bedrock) (modified 

from Lazorchak et al. 1998).  Sediment and channel substrate particles were collected 

from a nearby stream and separated to appropriate size categories using a manual sieve.  

Each combination of deposited particle and channel substrate size was sampled at 10 

concentration levels of sediment ranging from 5-290 ml.  The upper ranges allowed us to 

determine the DSS efficiencies when all channel substrates were completely covered with 

fine sediments.  Each deposited particle size, channel substrate size, and concentration 

combination was replicated 3-5 times.  Once each replication was complete, the substrate 

contents were rinsed, sieved, and dried for reuse.     

 

Maximum Sampler Capacity 

 Maximum levels of sediment the DSS is capable of producing accurate results 

was determined by increasing deposited sediment concentrations in increments to 1300 

ml.  For all these evaluations, fine sand was the deposited particle size used and the 

channel substrate evaluated was simulated bedrock.  The identified threshold was 

assumed to not be variable based on deposited particle size and channel substrate size.    
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Operator Repeatability 

We evaluated repeatability between operators using the previously described 

laboratory procedure.  The low, medium, and highest deposited sediment concentrations 

were sampled by three individuals.  Fine sand served as the particle size, the simulated 

bedrock represented the substrate size, and each concentration was replicated six times.   

 

Effect of Water Depth 

 Sampling variability due to water depth was evaluated by comparing one 

replication of the ten concentrations at seven water depths.  Depths evaluated were 2.5, 

7.6, 12.7, 17.8, 25.4, 45.7, and 61 cm.  Fine sand represented the particle size, and 

simulated bedrock accounted for the channel substrate size.  Water levels of 45.7 cm and 

61 cm were greater than that physically allowed within the test apparatus.  To complete 

these samples, all ten of the apparatuses were placed in a 61 cm deep trough raceway, set 

up as previously described, and then the entire raceway was filled to the desired depth. 

 

Correction for Sampler Biases 

 Results of evaluations described above were then used to develop a model to 

account for sample variation (Table 20).  The mean efficiency of each combination was 

determined, and used as a correction factor to standardize results of field samples.  The 

model is based on the identification of significant differences between sample 

efficiencies, which were identified through ANOVA and multiple range tests.    
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Comparisons to Surface Cover 

Identical laboratory setups were used to compare the DSS and surface-cover 

estimations.  Three individuals made one estimate of percent cover of fine sediment (fine 

sand) at each of the ten sediment concentrations and four substrate sizes used for the DSS 

efficiency tests.  Separate and independent estimates of percent-cover by touch were 

made by one individual where the channel substrate was not visible.  Sediment 

concentrations were assigned to each apparatus randomly and without knowledge to the 

three estimating individuals.   This allowed for an unbiased simulation of percent cover 

estimates in streams with both turbid and non turbid conditions.     

 

 

Statistical Analyses 

 Analyses of variance was used to determine significant differences in deposited 

sediment recoveries between samples based on deposited particle size, channel substrate 

size, sediment concentration and water depth.  Tukey’s Honestly Significant Difference 

Test (Tukey’s HSD) was then used to decipher group categories in which recoveries were 

significantly different.  The DSS data were log transformed due to an increasing and 

unequal variance in sampling efficiency as sediment concentration increased.  Analysis of 

variance was used to determine if significant differences existed between operators at 

three levels of sediment concentration: low (5 ml), medium (128 ml), and high (291 ml).  

Surface-cover estimations were related to actual sediment concentrations with linear 

regression analysis, in order to indicate the efficiency of estimations within varying water 
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clarity and substrate sizes.  All analyses were completed with the Statistical Analysis 

System (SAS), version 9.1, without removing outliers.   

 

Results 

Recovery efficiencies of coarse sand and fine sand were indistinguishable for any 

channel substrate size and were thus combined into a single sand category.  There was a 

significant linear relationship between the recoveries of deposited sediment and the actual 

sediment concentration on the channel substrates for every combination tested (Figure 

40).  Variations in recoveries increased as deposited sediment concentrations increased.  

Significant differences in recoveries were identified between the four channel substrates 

(bedrock, gravel, small cobble, and large cobble) (ANOVA: Sand F3, 392 = 262.4, Silt F3, 

127 = 187.02, P<0.001) and the mean percent recovery decreased as the channel substrate 

particle size increased.   When compared to percent surface-cover estimates the DSS 

provides a greater sampling resolution when evaluating deposited sediments (Figure 40).  

Nesting estimations within substrate size increased the variation of actual sedimentation 

explained by surface-cover estimations by 10-40% (Table 18) and reduced water clarity 

produced a mean decrease of 12% of the variation in actual sedimentation explained by 

surface-cover estimation (Table 18).  
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Small Cobble Substrate 

 

                                                      

Large Cobble Substrate 

 

                                                     
 
Figure 40. Recovery of the sand, silt by the DSS, and surface cover estimates at different 
concentrations of deposited sediment.  Open circles are DSS samples while closed circles 
are visual cover observations. 
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Table 18.  Laboratory results of surface-cover regression analysis, indicating the water 
clarity simulation (turbid or non-turbid), substrates evaluated, and corresponding 
correlation strength between surface-cover estimation and sediment concentration 
deposited across the substrate.   

 

Simulated Turbidity Substrate R² 

Non Turbid Bedrock 0.81 

Non Turbid Gravel 0.96 

Non Turbid Small Cobble 0.78 

Non Turbid Large Cobble 0.82 

Turbid and Non Turbid  Bedrock 0.67 

Turbid and Non Turbid Gravel 0.85 

Turbid and Non Turbid Small Cobble 0.65 

Turbid and Non Turbid Large Cobble 0.72 

Non Turbid ALL 0.55 

Turbid and Non Turbid ALL 0.4580 

 

 

 

There was no significant difference in recoveries between the three operators at 

the low (F2, 17 = 0.12, P = 0.8849), medium (F2, 16 = 0.55, P = 0.5885), or high (F2, 17 = 

3.04, P = 0.0778) concentrations.  This shows repeatability from one person to the next. 

Sediment recovery at water depths <12.7 cm was significantly reduced compared 

to sediment recoveries at water depths >12.7 (F1, 97 = 19.30, P<0.0001) (Table 19).  

Sediment recoveries at depths ranging from 17.8-61 cm were not significantly different 

from one another.  Sediment recoveries at water depths of 12.7 cm were not significantly 
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different from either the upper or lower water depths, indicating a threshold level from 

which water depth significantly reduced sediment recoveries (Table 19). Accounting for 

depth variation is accomplished by an additional correction factor to the previously 

standardized samples (Table 20). 

  

Table 19. Results of the Tukey’s HSD to determine where differences exist when 
sampling at variable water depths.  Different letters in the “Tukey Group” column 
indicate significant differences (α ≤ 0.05).    

 

Tukey 

group 

Mean 

% recovered N 

Depth 

(cm) 

A 79 10 45.7 

A 74 10 61 

A 71 5 17.8 

A 70 54 25.4 

AB 63 5 12.7 

B 52 5 2.5 

B 51 5 7.6 

 

 

 Maximum sample capacity also varied by water depth.  Maximum sample 

capacity in depths > 15.2 cm has a recovery limit of about 250 ml, prior to 

standardization (Figure 41, A).  At depths < 15.2 cm maximum recovery is reduced to 45 

ml, prior to standardization, and samples should not be taken in water depths < 2.5 cm 

(Figure 41, B).  These thresholds provide a quantification of the upper limits at which the 

sampler is effective.   
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A                                                                      

  

B 

 

Figure 41.  Maximum concentration values the DSS efficiently sampled based on a xy-
scatter plot of concentration sampled and amount recovered. 
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Corrections for standardizing samples of varying deposited particle and channel 

substrate size, based on percent recovery, is presented in Table 20.  Each sample must be 

classified into silt or sand concentrations, the underlying channel substrate size category 

and sample volume.  These separations were necessary due to significant differences 

(Tukey’s HSD) indicated between sand and silt categories, all four channel substrate 

categories (nested within the sand and silt categories), and deposited concentrations 

nested within the channel substrate categories.  Once these delineations are made, the 

sample is divided by the correction factor (Table 20), resulting in all samples being 

standardized regardless of particle size, sediment concentration, and substrate size.  A 

second correction factor must be applied in instances of water depths < 12.7 cm.  This 

factor is necessary due to significant differences between water depths and percent 

recoveries of deposited sediment.  The correction factor is applied to the standardized 

value and accounts for a reduction in the percent of sedimentation recovered at shallow 

depths.  It is also necessary to consider the maximum sample capacity prior to 

standardizing each sample and it is recommended that all samples greater than the 

maximums be reduced to the thresholds provided, as the sampler is inefficient above 

these levels (Table 20).  
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Discussion 

 The DSS provides an accurate measure of deposited sediment, largely because the 

model presented corrects for errors attributed to particle size, channel substrate size, and 

water depth.  One or more of these sources of error are present but unaccounted for in 

most sediment sampling techniques (Wolman 1954, Bain and Stevenson 1999, Potyondy 

and Bunte 2002, Sylte and Frischenich 2002, Whittman et al. 2003, Lachance and Dube 

2004).  When efficiencies of the sampler were corrected for major sources of sampling 

error the result was recovery concentration equations explaining 81-99% percent of the 

variation.  Accounting for these variables in streams is simple and only requires a depth 

measurement and general categorical substrate estimation following each sample.   

 When compared to percent surface-cover estimates the DSS provides a greater 

sampling resolution when evaluating deposited sediments.  Surface-cover estimates are 

Depths < 12.7 cm require an additional division factor of 0.81 

Maximum sample capacity prior to standardization: > 15.2 cm water depth = 250 ml, <15.2 cm water depth = 45 ml  

Table 20. A table of correction factors for standardization of samples 

0.12 0.26 Large Cobble (64-150mm) 

0.22 0.20 Small Cobble (16-64mm) 

0.70 0.40 Gravel (2-16mm) 

0.74 0.72 Bedrock 

Silt (0-63µm) Sand (63µm-2mm)  

Deposited Sediment Size Dominant Particle Size 
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limited to 100% cover, while the DSS is capable of accurately sampling conditions in 

excess of this amount.  Surface-cover estimations also decreased as channel substrate size 

increased.  Nesting estimations within substrate size increased the variation of actual 

sedimentation explained by surface-cover estimations and reduced water clarity 

decreased the variation in actual sedimentation explained by surface-cover estimation.  

These variables are never constant within stream systems nor are they accounted for in 

percent-surface cover sampling protocols, causing the accuracy of percent cover 

estimations to be reduced through an increase in sampling error.   

 Results from the sampler are not influenced by differences in operators.  

Repeatability is important for any sampling technique and allows comparable data 

between multiple individuals as well as between studies (Roper and Scarnecchia 1995).   

Samples should be taken at depths > 2.5 cm, and corrected for at depths <12.7cm 

when standardizing samples and <15.2cm when considering maximum sample capacity.  

Recovery variation in shallow water is likely a function of lost suction power within the 

sampler and is limiting when taking shallow samples in highly sedimented streams.  This 

situation will be most limiting in highly sedimented riffles which will likely indicate a 

highly sedimented stream as a whole.  Streams that are highly sedimented are likely to be 

approaching the maximum capacity of the sampler and these situations need some 

attention when considering the DSS as an evaluation tool.  The DSS has a maximum 

recovery which limits the depth of sediment that can be evaluated.  Recovery is efficient 

up to 400 ml of sediment in water depths > 15.2 cm; however, correlations between 

surface-cover estimations and DSS recoveries indicate that this level of sediment is 

approximately equal to 132% surface-cover.  This indicates that the sampler is effective 
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well beyond conditions where the channel substrate is completely covered by fine 

sediments and that the DSS samples effectively beyond the maximum allowed through 

surface-cover estimations.  Water depths between 2.5 and 15.2 cm further reduce the 

maximum recovery to 85% percent cover and sampling should be avoided at these depths 

when streams are moderate to heavily sedimented.  Streams already in excess of 100% 

fine sediments at depths < 15.2 cm have a high probability of being in excess of the 

sampler’s ability and an alternate gear should be used.  However, there were no 

limitations at depths >15.2 cm indicating applicability in a majority of depth situations 

present in stream systems.           

 DSS recoveries were compared to surface-cover estimations in order to evaluate 

our sampler against a widely-used sediment measurement.  When grouping by channel 

substrate sizes, all R2 values for the sediment recovered regression models of the DSS 

were greater than those of the surface-cover estimations, indicating that the DSS provides 

a more precise evaluation.  When not grouped by channel substrate size the variation in 

actual sedimentation explained by surface-cover estimations were increased by 10%-

40%.  Clearly, ignoring channel substrate size as a source of sampling error greatly 

reduces the precision of surface-cover estimations. Surface-cover estimations are both 

variable between estimators (Wang et al. 1996) and subjective.  This data provides 

evidence that the DSS is repeatable and non-subjective, while providing a more precise 

evaluation of stream sediments. 

 This sampler has wide ranging applicability and there are certain situations in 

which the DSS is particularly useful.  These situations include studies involving streams 

with a wide range in sedimentation levels, disturbance impact studies, projects requiring 
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many sites, monitoring programs, and studies in which sediment is not the primary focus.  

 We have explored the sources of variation that create major obstacles in 

accurately evaluating sedimentation of stream systems.  Deposited particle size and 

concentration, operator variability, water depth, water clarity, and channel substrate 

composition are shown to produce significant variation in the assessment of 

sedimentation through an increase in sampling error.  Current techniques may fail to 

account for one or more of these variations and subsequently result in biased data.  

Acknowledging and accounting for these significant sources of error will lead to a more 

accurate evaluation of stream sedimentation, which will promote a better understanding 

of the influence of sediments to both the physical and biotic composition of stream 

systems. 
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Appendix 

Appendix A1. 
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Three Main Pieces 

 -1 – 5.08cm X 91.44cm (2”x26”) section of PVC dwv cellcore pipe 

 -1 – 5.08cm X 7.62cm (2”x 3”) PVC coupling 

 -1 – 7.62cm (3”) plastic test cap 

Directions 

1) Slide the pipe section into the 5.08cm end of the PVC coupling. 

2) Secure the coupling to the pipe with two screws. 

3) Glue the test cap inside the 7.62cm end of the PVC coupling.  Make sure the glue 

provides an air tight seal. 
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Pieces 

 -1 – 10.16cm X 30.48cm (4”x12”) piece of PVC dwv cellcore pipe 

 -1 – 7.05cm (3”) PVC coupling 

 -3 – bottom pieces of three draw catch latches 

Direction 

1) Slide the PVC coupling inside the base of the PVC dwv cellcore pipe before 

attaching the bottom latch sections. 

2) Secure the three bottom latch sections, equally spaced, around the base of the 

PVC cellcore pipe.  Make sure the screws are also holding the PVC coupling in 

place. 
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Pieces 

 -1 – 10.16cm X 24.13cm (4”x9.5”) section of PVC dwv cellcore pipe 

 -6 – Latch sections of six draw catch latches 

 -1 – 17.78cm (7”) Oatley wax free gasket 

Directions 

1) Attach the three draw catch latches to the top of the PVC section and three to the 

base of the PVC section.  Make sure the latches on the top correspond to the latch 

bottoms on the casing.  Number the latches to ensure that the latch sections 

correspond to the latch bottoms. 

2) Use eight screws (from the parts list) to secure the wax free gasket to the base of 

the sample chamber.  The lip on the gasket should face down and the excess 

material around the outside of the chamber should be trimmed off.  Do not 

remove the material within the sample chamber. 
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Pieces 

 -1 – 10.16cm X 6.35cm (4”x2.5”) section of PVC dwv cellcore pipe 

 -1 – 7.05cm (3”) PVC coupling 

 -1 – Universal flapper tank ball (rubber) 

 -1 – International tank bowl gasket 

 -3 – Draw catch latch bottoms 

 -1 – 10.16cm (4”) diameter circle of HDWE 23ga cloth 

Directions 

1) Cut the coupling in half, just below the inside lip.   

2) Glue the tank bowl gasket inside the coupling, so that the bottom of the gasket 

hangs approximately 3mm below the coupling base.   

3) After the glue dries slide the coupling into the PVC section so that the gasket is 

approximately 2mm inside the PVC section and secure with screws. 

4) Trim the excess off the flapper ball so that just the main circular section is left.  

Place the flapper within the gasket and use two screws to hold it in place.  Place 
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the screws 3mm apart and trim the flapper if the edges of the gasket inhibit free 

movement of the flapper. 

5) Use six screws to secure the 23ga cloth circle to the base of the door. 

6) Attach the three draw catch latch bottoms to the top of the door and make sure 

they correspond to the latches on the base of the sample chamber.  When latched 

together the wax free gasket should make an airtight seal.   

7) Fill the gap between the coupling and the PVC section with glue so that sediment 

cannot be trapped inside. 

 

Additional comments 

- All screws must be either filed down or cut as to not obstruct the operators 

movement.  It is easier to cut each screw to fit with cutting pliers. 

- Attention must be given to ensure the operator stands level.  If not it will angle 

inside the sampler, making it difficult to sample correctly. 

- When attaching the draw catch latches, angle the screws to assist in getting a 

better seal. 

- When assembled the operator should move freely and the door should be not leak 

more than a few drops at a time.  
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Appendix A2. 

A parts list with individual part cost, cost per sampler, and cost of parts for the 

initial DSS sampler.  Initial cost of the first sampler is greater due to the extra materials 

required for purchase. Directions for construction can be found in Appendix A1.   

 

 

Equipment Cost 

(USD) 

Cost 

per/sampler 

(USD) 

Initial 

cost 

(USD) 

59.2ml (2oz) Gorilla Glue 4.98 0.5 4.98 

4 x 12.7mm (4x1/2) metal screws (24) 0.98 0.75 0.98 

Draw catch latch (2) 3.78 11.34 11.34 

HDWE cloth 23GA 6mm x 6mm, 60.96cm X 304.8cm 

(1/4x1/4, 24"x10') 10.93 0.25 10.93 

5.08cm x 7.62cm (2"x3") PVC coupling 2.44 2.44 2.44 

7.62cm (3") PVC coupling 1.98 3.96 3.96 

International tank bowl kit w/gasket 2.98 2.98 2.98 

Flapper tank ball universal 2.78 2.78 2.78 

10.16cm x 304.8cm (4"x10') PVC DWV cell core pipe 10.18 5.09 10.18 

5.08cm x 304.8cm (2"x10') PVC DWV cell core pipe 7.43 3.715 7.43 

7.62cm (3") Test cap 0.59 0.59 0.59 

Oatley wax free gasket 17.78cm (7”) 1.97 0 1.97 

Total Cost  $34.39 $60.56 
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Appendices 

Appendix A.  Description of the common names, scientific names, and associated United 

States Fish and Wildlife codes used to label the fish species sampled.    

Common name  Scientific name  Code 
Banded sculpin  Cottus carolinae  BDSP  
Black bullhead  Ameiurus melas  BKBH  
Black redhorse  Moxostoma duquesnei  BKRH  
Blackspotted 
topminnow  Fundulus olivaceus  BPTM  

Blackstripe topminnow  F. notatus  BTTM  
Bleeding shiner  Luxilus zonatus  BDSN  

Bluegill  Lepomis macrochirus  BLGL  
Bluntnose minnow  Pimephales notatus  BNMW  

Common carp  Cyprinus carpio  CARP  

Creek chub  
Semotilus 

atromaculatus  CKCB 
Fantail darter  Etheostoma flabellare  FTDR 

Golden redhorse  Moxostoma erythrurum  GDRH 

Golden shiner  
Notemigonus 
crysoleucas  GDSN  

Green sunfish  Lepomis cyanellus  GNSF 
Hornyhead chub  Nocomis biguttatus  HHCB 

Johnny darter  Etheostoma nigrum  JYDR  
Least darter  Etheostoma microperca  LTDR  
Logperch  Percina caprodes  LGPH  

Longear sunfish  Lepomis megalotis  LESF  
Mosquitofish  Gambusia affinis  MQTF  

Mottled sculpin  Cottus bairdi  MDSP  
Northern hog sucker  Hypentelium nigricans  NHSK  

Northern studfish  Fundulus catenatus  NTSF  
Orangespotted sunfish  Lepomis humilis  OSSF  
Orangethroat darter  Etheostoma spectabile  OTDR  

Ozark minnow  Notropis nubilus  OZMW  
Plains topminnow  Fundulus sciadicus  PTMW  
Rainbow darter  Etheostoma caeruleum  RBDR  

Red shiner  Cyprinella lutrensis  RDSN  
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Redfin Shiner Lythrurus umbratilus RFSN 
Rock bass  Ambloplites rupestris  RKBS  

Sand shiner  Notropis stramineus  SNSN  
Slender madtom  Noturus exilis  SDMT  
Smallmouth bass  Micropterus dolomieu  SMBS  

Southern redbelly dace  Phoxinus erythrogaster  SRBD  
Stoneroller sp. Campostoma STON 

Spotted bass  
Micropterus 
punctulatus  STBS  

Stippled darter  
Etheostoma 
punctulatum  STPD  

Striped shiner  Luxilus chrysocephalus  SPSN  
Suckermouth minnow  Phenacobius mirabilis  SMMW  

Warmouth  Lepomis gulosus  WRMH 
Yellow bullhead  Ameiurus natalis  YLBH  

 

Appendix B.  Description of the guild category, individual guilds, and associated 

Missouri Department of Conservation codes used to label the fish guilds sampled.    

Guild Category Guild Code 

Trophic Guild 

Benthic Herbivore BHERB 
Benthic Insectivore BINS 
Benthic Invertivore BINV 

Benthic Macrophagic Omnivore BMACOMNI 
Benthic Microphagic Omnivore BMICOMNI 

Insectivore INS 
Invertivore INV 

Invertivore / Piscivore INVPISC 
Macrophagic Omnivore MACOMNI 

Reproductive 
Guild 

Live Bearer BEARERC2 
Non-Guarding Open Substrate LITHO_A1 

Non-Guarding Eggs Buried LITHO_A2 
Guarding Eggs Attached LITHO_B1 

Guarding Eggs Laid in Nest LITHO_B2 
Nest Associate NESTASSO 

Non-Guarding Eggs Broadcast PHYTO_A1 

Forage Habitat 
Guild 

Generalist G 
Large Benthic Species LB 
Small Benthic Species SB 
Water Column Species WC 
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Appendix C.  Significant breaks in species and guild abundance based on comparison to 

all substrate and sediment measures. 

Species Method Variable P-Value F-Value DF 
Break 
(mm) 

Mean 
(individuals/m²) 

N 

BKBH N/A N/A 
      

BKRH PC D50 0.0473 14.1 1,11 
<=0.1 0.0273 3 
>0.1 0.0025 10 

BPTM N/A N/A 
      

BTTM N/A N/A 
      

BDSN PC D25 0.0101 16.5 2,10 
<=2 0 8 
2,11 0.411 3 
>11 0.906 2 

BLGL N/A N/A 
      

BNMW N/A N/A 
      

CKCB N/A N/A 
      

FTDR 

DSS Total Fines 0.019 26 1,11 
<=26.7 0.1802 3 
>26.7 0.0185 10 

PC D25 0.0246 17.2 1,11 
<=2 0.0056 8 
>2 0.136 5 

PC D50 0.0246 17.2 1,11 
<=11 0.0056 8 
>11 0.136 5 

PC D25 0.0328 17.2 1,11 
M,F 

Gravel 
0.136 5 

>0 0.0399 5 
GDSN N/A N/A 

      
GNSF N/A N/A 

      
HHCB N/A N/A 

      
LGPH N/A N/A 

      
LESF N/A N/A 

      

MDSP 
PC D25 0.0001 190.4 1,11 

<=11 0.0114 11 
>11 0.3001 2 

DSS Total Fines 0.003 40.4 1,11 
<=26.7 0.2292 3 
>26.7 0.0038 10 

NHSK N/A N/A 
      

NTSF 

EWI/Grab TSS 0.0002 68.9 1,11 
<=0.88 0.0546 2 
>0.88 0.0028 11 

SC Silt 0.0002 68.9 1,11 
<=0.04 0.0546 2 
>0.04 0.0028 11 

PC Total Fines 0.0002 68.9 1,11 
<=2.33 0.0546 2 
>2.33 0.0028 11 

OSSF N/A N/A 
      

OTDR SC Silt 0.0287 16.8 2,10 
<=17 0.1345 6 
17-49 0.5569 3 
>49 0.0885 4 

OZMW N/A N/A 
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RBDR N/A N/A 
      

RDSN N/A N/A 
      

RFSN N/A N/A 
      

RKBS PC D25 0.0132 15.4 2,10 
<=2 0 8 
2_11 0.0027 3 
>11 0 2 

SNSN N/A N/A 
      

SDMT N/A N/A 
      

SMBS PC PCSilt 0.0171 23.4 1,11 
<=1.9 0.0049 2 
>1.9 0.0001 11 

SRBD DSS 
Silt 0.0476 20.5 1,11 

<=7.1 0.2476 2 
>7.1 0.0076 11 

Total Fines 0.0476 20.5 1,11 
<=18.1 0.2476 2 
>18.1 0.0076 11 

STBS 

PC D50 0.0001 48.7 2,10 
<=2.8 0.0054 6 
2.8-11 0.044 2 
>11 0.0002 5 

EWI/Grab TSS 0.0085 22.7 2,10 
<=3.2 0 5 
3.2-6.3 0.03552 3 
>6.3 0.0032 5 

PC Silt 0.009 22.5 2,10 
<=13.2 0.0002 5 
13.2-26 0.0352 3 

>26 0.0029 5 

STON DSS Silt 0.0533 15 2,10 
<=7.1 0.4803 2 

7.1-19.3 1.3828 3 
>19.3 0.1106 8 

SPSN N/A N/A 
      

WRMH PC D50 0.0037 21.3 2,10 
<=2.8 0.0002 6 
2.8-11 0.0024 2 
>11 0 5 

MQTF 
 

N/A 
      

YLBH PC D100 0.0045 35.1 1,11 
<22.6 0.0049 2 
>22.6 0.0005 11 

>0 0.0002 9 
BHERB N/A        

BINS PC D100 0.0274 22.4 1,11 
≤ 290 0.23 9 
>290 0.84 4 

BINV N/A N/A 
      

BMACOMNI N/A N/A 
      

BMICOMNI DSS 
Silt 

0.0476 20.5 1,11 

≤ 7 0.24 2 
> 7 0.008 11 

Total Fines 
≤ 18 0.24 2 
> 18 0.008 11 

INS PC 
D25 

0.0363 15.3 1,11 

≤ 2 0.056 8 
> 2 0.641 5 

D50 
≤ 11 0.056 8 
> 11 0.641 5 

INV N/A N/A 
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INVPISC 

PC D50 

0.0039 21.1 2,10 

≤ 2 0.074 5 
2-11 0.209 3 
> 11 0.042 5 

SC Silt 
≤ 10 0.074 5 
10-42 0.209 3 
> 42 0.042 5 

MACOMNI N/A N/A 
      

BEARERC2 N/A N/A 
      

LITHO_A1 N/A N/A 
      

LITHO_A2 N/A N/A 
      

LITHO_B1 N/A N/A 
      

LITHO_B2 N/A N/A 
      

NESTASSO N/A N/A 
      

PHYTO_A1 N/A N/A 
      

G N/A N/A 
      

LB N/A N/A 
      

SB N/A N/A 
      

WC N/A N/A 
      

 

 

 

Appendix D.  All significant correlations between species abundance and all substrate 

and sediment measures. 

Species Method Substrate 
Spearman 

Rank 
P-Value 

BKRH 

EWI/Grab TSS 0.67 0.01 

DSS Silt 0.66 0.02 

SC Silt 0.59 0.04 

PC Silt 0.56 0.05 

BPTM 
DSS Sand 0.76 0.004 

DSS Total Fines 0.71 0.01 

BTTM 
DSS Sand 0.73 0.006 

DSS Total Fines 0.70 0.01 

BDSN 

DSS Silt -0.60 0.04 

DSS Total Fines -0.62 0.03 

EWI/Grab TSS -0.67 0.01 

Embeddedness Emb Scr -0.68 0.01 

PC Silt -0.81 0.0008 

PC Total Fines -0.81 0.0008 

SC Silt -0.81 0.0008 
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BLGL 
DSS Total Fines 0.69 0.01 

DSS Silt 0.59 0.04 

BNMW  
DSS Sand 0.69 0.01 

PC Sand 0.63 0.02 

CKCB DSS Silt -0.62 0.03 

FTDR 

DSS Silt -0.59 0.04 

Embeddedness Emb Scr -0.67 0.01 

SUS TSS -0.73 0.004 

SC Silt -0.74 0.004 

PC Total Fines -0.76 0.003 

PC Silt -0.82 0.0006 

GDSN 

PC Silt 0.70 0.008 

SUS TSS 0.70 0.008 

PC Total Fines 0.60 0.03 

HHCB 

SUS TSS -0.60 0.03 

SC Silt -0.63 0.02 

DSS Silt -0.63 0.03 

PC Silt -0.68 0.01 

LGPH SC Silt 0.57 0.04 

LESF 
DSS Sand 0.75 0.004 

DSS Total Fines 0.72 0.009 

MDSP  

PC Sand -0.57 0.04 

DSS Silt -0.60 0.04 

DSS Total Fines -0.63 0.03 

SUS TSS -0.68 0.01 

Embeddedness Emb Scr -0.70 0.008 

PC Silt -0.80 0.001 

PC Total Fines -0.81 0.0007 

SC Silt -0.81 0.0007 

NHSK DSS Sand 0.61 0.03 

NTSF  

PC Sand -0.56 0.04 

Embeddedness Emb Scr -0.64 0.02 

DSS Silt -0.66 0.02 

DSS Total -0.73 0.008 

PC Silt -0.80 0.001 

PC Total Fines -0.81 0.0009 

SC Silt -0.81 0.0009 

SC TSS -0.81 0.0009 

OSSF SUS TSS 0.64 0.02 
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SC HP 0.63 0.02 

OTDR  PC Sand 0.74 0.004 

OZMW  

PC Total Fines -0.55 0.05 

SC Silt -0.57 0.04 

PC Silt -0.64 0.02 

SUS TSS -0.73 0.004 

RBDR  

SUS TSS -0.63 0.02 

Embeddedness Emb Scr -0.77 0.002 

PC Silt -0.78 0.002 

PC Total Fines -0.81 0.0007 

SC Silt -0.81 0.0007 

RDSN  

SUS TSS 0.84 0.0003 

PC Silt 0.74 0.004 

PC Total Fines 0.64 0.02 

SC Silt 0.56 0.05 

RKBS  PC Silt -0.61 0.03 

SDMT 

PC Total Fines -0.59 0.03 

SC Silt -0.61 0.03 

PC Silt -0.64 0.02 

DSS Silt -0.64 0.02 

SUS TSS -0.73 0.005 

SMBS  

DSS Silt -0.64 0.03 

DSS Total Fines -0.64 0.03 

PC Total Fines -0.64 0.02 

SC Silt -0.64 0.02 

SUS TSS -0.64 0.02 

PC Silt -0.70 0.008 

SRBD  
PC Silt -0.56 0.05 

DSS Silt -0.73 0.008 

STON DSS Silt -0.74 0.006 

SPSN  
DSS Sand 0.73 0.007 

DSS Total Fines 0.66 0.02 

YLBH 

PC TotalFns 0.87 0.0001 

PC Silt 0.85 0.0002 

Embeddedness Emb Score 0.73 0.004 

SUS TSS 0.69 0.009 

SC Silt 0.69 0.01 
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Appendix  E.  All significant correlations between guild abundance and all substrate and 

sediment measures. 

 

Guild Method Measure 
Spearman 

Rank 
P-Value 

Forage 

BHERB DSS Silt -0.74 0.006 

BINS N/A N/A 

BINV N/A N/A 

BMACOMNI 
DSS Total Fines 0.65 0.02 

DSS Sand 0.61 0.03 

BMICOMNI 
DSS Silt -0.73 0.008 

PC Silt -0.56 0.05 

INS 

SC SLT -0.72 0.006 

PC Silt -0.72 0.006 

PC Total Fines -0.71 0.007 

Embeddedness Emb Scr -0.68 0.01 

EWI/Grab TSS -0.59 0.03 

INV N/A N/A 

INVPISC N/A N/A 

MACOMNI PC Sand 0.57 0.04 

Reproductive 

BEARERC2 N/A N/A 

LITHO_A1 N/A N/A 

LITHO_A2 PC Sand 0.71 0.007 

LITHO_B1 N/A N/A 

LITHO_B2 
DSS Silt -0.68 0.02 

EWI/Grab TSS -0.56 0.05 

NESTASSO 

SC SLT -0.63 0.02 

Embeddedness Emb Scr -0.57 0.04 

PC Silt -0.55 0.05 

PHYTO_A1 N/A N/A 

Trophic 

G N/A 
   LB EWI/Grab TSS 0.66 0.01 

SB N/A 
   WC N/A 
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Appendix F.  Ranges of species and guilds found in all measures sedimentation. 

 

SCslt PCSilt PCSand PCTotal 

Species 

Min 

% 

Max 

% 

Min 

% 

Max 

% 

Min 

% 

Max 

% 

Min 

% 

Max 

% 

BKBH 26 91 18 80 1 11 25 81 

BKRH 11 100 13 100 0 7 15 100 

BPTM 1 49 0 27 1 45 1 72 

BTTM 11 49 13 27 2 45 15 72 

BDSN 1 11 0 13 0 2 1 15 

BLGL 1 100 0 100 0 45 1 100 

BNMW  4 49 2 42 0 45 2 72 

CKCB 4 100 2 100 0 45 2 100 

FTDR 1 49 0 27 0 45 1 72 

GDSN 17 100 19 100 0 11 30 100 

GNSF 1 100 0 100 0 45 1 100 

HHCB 1 49 0 27 0 45 1 72 

LGPH 42 91 18 80 1 7 25 81 

LESF 11 49 13 27 2 45 15 72 

MDSP  1 11 0 13 0 2 1 15 

NHSK 4 49 2 27 0 45 2 72 

NTSF  1 9 0 2 0 2 1 4 

OSSF 11 91 13 80 1 6 15 81 

OTDR  1 100 0 100 0 45 1 100 

OZMW  1 86 0 27 0 45 1 72 

RBDR  1 11 0 13 0 2 1 15 

RDSN  11 100 13 100 0 11 15 100 

RFSN 11 91 13 80 1 45 15 81 

RKBS  1 11 0 13 1 2 1 15 

SNSN  42 91 18 80 1 45 25 81 

SDMT 1 91 0 80 0 45 1 81 

SMBS  1 9 0 2 0 2 1 4 

SRBD  4 49 2 27 0 45 2 72 

STBS  11 100 13 100 0 11 15 100 

STON 1 91 0 80 0 45 1 81 

SPSN  1 49 0 27 1 45 1 72 

WRMH 26 100 18 100 0 11 25 100 

MQTF 1 100 0 100 0 45 1 100 

YLBH 17 100 27 100 0 45 47 100 

BHERB 1 91 0 80 0 45 1 81 

BINS 1 100 0 100 0 45 1 100 

BINV 1 100 0 100 0 45 1 100 
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BMACOMNI 4 100 2 100 0 45 2 100 

BMICOMNI 4 49 2 27 0 45 2 72 

INS 1 91 0 80 0 45 1 81 

INV 1 100 0 100 0 45 1 100 

INVPISC 1 100 0 100 0 45 1 100 

MACOMNI 1 100 0 100 0 45 1 100 

BEARERC2 1 100 0 100 0 45 1 100 

LITHO_A1 1 100 0 100 0 45 1 100 

LITHO_A2 1 100 0 100 0 45 1 100 

LITHO_B1 4 100 2 100 0 45 2 100 

LITHO_B2 1 100 0 100 0 45 1 100 

NESTASSO 1 100 0 100 0 45 1 100 

PHYTO_A1 1 100 0 100 0 45 1 100 

G 1 100 0 100 0 45 1 100 

LB 4 100 2 100 0 45 2 100 

SB 1 100 0 100 0 45 1 100 

WC 1 100 0 100 0 45 1 100 

 

 

DSSSilt DSSSand DSSTotal TSS 

Embeddedness 

Score 

Species Min  Max Min Max Min Max Min Max Min Max 

BKBH 19 73 1 70 38 143 3 35 1.39 4.00 

BKRH 30 87 1 70 50 143 3 50 1.36 4.00 

BPTM 12 73 55 109 96 143 0 8 1.11 2.48 

BTTM 12 73 55 109 96 143 3 8 1.36 2.48 

BDSN 6 41 4 55 10 96 0 8 1.11 1.49 

BLGL 12 87 1 109 38 143 0 50 1.11 4.00 

BNMW  12 73 12 109 27 143 1 9 1.33 2.48 

CKCB 6 87 1 109 10 142 1 50 1.33 4.00 

FTDR 6 73 4 109 10 143 0 8 1.11 2.48 

GDSN 19 87 1 40 36 90 4 50 1.40 4.00 

GNSF 6 87 1 109 10 142 0 50 1.11 4.00 

HHCB 6 41 4 109 10 121 0 8 1.11 2.48 

LGPH 30 73 1 70 50 143 3 35 1.39 4.00 

LESF 12 73 55 109 96 143 3 8 1.36 2.48 

MDSP  6 41 4 55 10 96 0 8 1.11 1.49 

NHSK 12 73 13 109 27 143 1 8 1.33 2.48 

NTSF  6 14 4 13 10 27 0 3 1.11 1.49 

OSSF 23 50 1 55 36 96 8 35 1.36 4.00 
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OTDR  6 87 1 109 10 143 0 50 1.11 4.00 

OZMW  6 73 4 109 10 143 0 8 1.11 2.48 

RBDR  6 41 4 55 10 96 0 8 1.11 1.49 

RDSN  19 87 1 70 36 143 3 50 1.36 4.00 

RFSN 12 73 1 109 36 143 3 35 1.36 4.00 

RKBS  7 41 11 55 18 96 0 8 1.11 1.49 

SNSN  12 73 1 109 50 143 3 35 1.39 4.00 

SDMT 6 73 1 109 10 143 0 35 1.11 4.00 

SMBS  6 7 4 11 10 18 0 3 1.11 1.49 

SRBD  6 41 4 109 10 121 1 8 1.33 2.48 

STBS  19 87 3 70 36 143 3 50 1.36 4.00 

STON 6 73 1 109 10 142 0 35 1.11 4.00 

SPSN  12 73 55 109 96 143 0 8 1.11 2.48 

WRMH 19 87 3 70 38 143 3 50 1.39 4.00 

MQTF 12 87 3 109 36 143 0 50 1.11 4.00 

YLBH 12 87 1 109 36 121 3 50 1.40 4.00 

BHERB 6 73 1 109 10 143 0 35 1.11 4.00 

BINS 6 87 1 109 10 143 0 50 1.11 4.00 

BINV 2 87 1 109 7 143 0 50 1.11 4.00 

BMACOMNI 12 87 1 109 27 143 1 50 1.33 4.00 

BMICOMNI 6 41 4 109 10 121 1 8 1.33 2.48 

INS 6 73 1 109 10 143 0 35 0.00 4.00 

INV 6 87 1 109 10 143 0 50 1.11 4.00 

INVPISC 6 87 1 109 10 143 0 50 1.11 4.00 

MACOMNI 12 87 1 109 36 143 0 50 1.11 4.00 

BEARERC2 12 87 3 109 36 143 0 50 1.11 4.00 

LITHO_A1 6 87 1 109 10 143 0 50 1.11 4.00 

LITHO_A2 6 87 1 109 10 143 0 50 1.11 4.00 

LITHO_B1 12 87 3 109 27 143 1 50 1.33 4.00 

LITHO_B2 6 87 1 109 10 143 0 50 1.11 4.00 

NESTASSO 6 87 1 109 10 143 0 50 1.11 4.00 

PHYTO_A1 6 87 1 109 10 143 0 50 1.11 4.00 

G 6 87 1 109 10 143 0 50 1.11 4.00 

LB 12 87 1 109 27 143 1 50 1.33 4.00 

SB 6 87 1 109 10 143 0 50 1.11 4.00 

WC 6 87 1 109 10 143 0 50 1.11 4.00 
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Appendix G.  Sensitivity of species and guilds found in all measures sedimentation. 

Species SCslt PCSilt PCSand PCTotal DSSSilt DSSSand DSSTotal TSS 

BKBH 34% 38% 79% 43% 34% 36% 21% 37% 

BKRH 10% 13% 84% 15% 29% 36% 30% 6% 

BPTM 52% 73% 2% 28% 25% 50% 64% 84% 

BTTM 62% 86% 5% 43% 25% 50% 64% 90% 

BDSN 90% 87% 96% 85% 57% 53% 36% 84% 

BLGL 0% 0% 0% 0% 8% 0% 21% 0% 

BNMW  55% 60% 1% 29% 25% 11% 13% 83% 

CKCB 3% 2% 0% 1% 0% 0% 0% 1% 

FTDR 52% 73% 1% 28% 18% 3% 0% 84% 

GDSN 16% 19% 76% 29% 17% 64% 59% 8% 

GNSF 0% 0% 0% 0% 0% 92% 0% 0% 

HHCB 52% 73% 1% 28% 57% 3% 16% 84% 

LGPH 51% 38% 87% 43% 47% 36% 30% 37% 

LESF 62% 86% 5% 43% 25% 50% 64% 90% 

MDSP  90% 87% 96% 85% 57% 53% 36% 84% 

NHSK 55% 75% 1% 29% 25% 11% 13% 85% 

NTSF  93% 98% 97% 97% 90% 92% 87% 95% 

OSSF 18% 33% 90% 33% 68% 50% 55% 47% 

OTDR  0% 0% 0% 0% 0% 0% 0% 0% 

OZMW  14% 73% 1% 28% 18% 3% 0% 84% 

RBDR  90% 87% 96% 85% 57% 53% 36% 84% 

RDSN  10% 13% 76% 15% 17% 36% 19% 6% 

RFSN 18% 33% 3% 33% 25% 0% 19% 36% 

RKBS  90% 87% 97% 85% 59% 59% 42% 84% 

SNSN  51% 38% 3% 43% 25% 0% 30% 36% 

SDMT 9% 20% 1% 19% 18% 0% 0% 31% 

SMBS  93% 98% 97% 97% 98% 94% 94% 95% 

SRBD  55% 75% 1% 29% 57% 3% 16% 85% 

STBS  10% 13% 76% 15% 17% 38% 19% 6% 

STON 9% 20% 1% 19% 18% 92% 0% 31% 

SPSN  52% 73% 2% 28% 25% 50% 64% 84% 

WRMH 25% 18% 76% 25% 17% 38% 21% 6% 

MQTF 0% 0% 0% 0% 8% 2% 19% 0% 

YLBH 16% 27% 0% 47% 8% 0% 36% 6% 

Bherb 10% 20% 1% 19% 23% 1% 7% 31% 

Bins 1% 0% 0% 1% 7% 1% 7% 1% 

Binv 1% 0% 0% 1% 2% 1% 5% 1% 

Bmacomni 4% 2% 0% 2% 14% 1% 19% 2% 
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Bmicomni 55% 75% 1% 30% 60% 4% 22% 85% 

Ins 10% 20% 1% 19% 23% 1% 7% 31% 

Inv 1% 0% 0% 1% 7% 1% 7% 1% 

Invpisc 1% 0% 0% 1% 7% 1% 7% 1% 

Macomni 1% 0% 0% 1% 14% 1% 25% 1% 

BearerC2 1% 0% 0% 1% 14% 2% 25% 1% 

Litho_A1 1% 0% 0% 1% 7% 1% 7% 1% 

Litho_A2 1% 0% 0% 1% 7% 1% 7% 1% 

Litho_B1 4% 2% 0% 2% 14% 2% 19% 2% 

Litho_B2 1% 0% 0% 1% 7% 1% 7% 1% 

Nestass 1% 0% 0% 1% 7% 1% 7% 1% 

Phyto_A1 1% 0% 0% 1% 7% 1% 7% 1% 

G 1% 0% 0% 1% 7% 1% 7% 1% 

LB 4% 2% 0% 2% 14% 1% 19% 2% 

SB 1% 0% 0% 1% 7% 1% 7% 1% 

WC 1% 0% 0% 1% 7% 1% 7% 1% 

 
 
Appendix H. Significant correlations, within soil classifications, among watershed 
variables and measures of stream sediments. 

Surface Cover Estimations 
Soil 

Classification Measure  Watershed Variable 
Spearman 

Rank 
P-

Value 

CHGB 

Silt 

Percent HGB Soils -0.82 0.0234 
Percent HGC Soils 0.82 0.0234 

NCHGB 

Stream Segmant Gradient -0.72 0.0133 
Stream Reach Gradient -0.67 0.0233 

Percent Pastureland -0.61 0.0467 
Percent HGB Soils -0.60 0.0487 
Percent HGD Soils 0.66 0.0273 
Percent Cropland 0.69 0.0186 
Watershed Area 0.74 0.0098 

D Linkage 0.75 0.0082 
Shreve Linkage 0.75 0.0082 

Percent Riparian as Large 
Tree 0.80 0.0033 

NCHGD Percent Riparian as Grass 0.74 0.0579 
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Total Suspended Solids 

Soil 
Classification Measure  Watershed Variable 

Spearman 
Rank 

P-
Value 

CHGB 

TSS 

Percent Pastureland -0.86 0.0137 
D Linkage -0.79 0.0362 

Percent Riparian Shrub 0.75 0.0522 
Minimum Stream Slope 0.75 0.0522 

Percent Forestland 0.79 0.0362 

NCHGB 

Stream Segment Gradient -0.82 0.002 
Percent HGB Soils -0.80 0.0028 

Maximum Riparian Width -0.79 0.0041 
Stream Reach Gradient -0.77 0.0053 

Mean Riparian Width -0.68 0.0216 
Stream Subregion Gradient -0.67 0.0239 

Presence of Human 
Disturbance -0.60 0.0522 
D Linkage 0.58 0.0597 

Shreve Linkage 0.68 0.0204 
Percent Cropland 0.74 0.0098 

Percent HGD Soils 0.78 0.0048 
Watershed Area 0.81 0.0026 

NCHGD 
Presence of Human 

Disturbance 0.79 0.0343 
Percent Urbanization 0.91 0.0049 
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Embeddedness Score 

Soil 
Classification Measure Watershed Variable 

Spearman 
Rank 

P-
Value 

CHGB 

Embeddedness 
Score 

Minimum Watershed 
Elevation -0.86 0.0137 

Percent Pastureland -0.86 0.0137 
Maximum Stream Elevation -0.82 0.0234 

Percent Urbanization -0.77 0.0436 
Percent HGB Soils -0.75 0.0522 

D Linkage -0.75 0.0522 
Percent HGC Soils 0.75 0.0522 

Percent Riparian Shrub 0.86 0.0137 
Percent Forestland 0.89 0.0068 

NCHGB 

Stream Segmant Gradient -0.94 <.0001 
Stream Reach Gradient -0.93 <.0001 

Percent HGB Soils -0.93 <.0001 
Percent Coarse Textured 

Soils -0.82 0.0021 
Stream Subregion Gradient -0.70 0.0157 
Maximum Stream Elevation -0.62 0.042 

D Size 0.61 0.0466 
D Linkage 0.71 0.014 

Percent Cropland 0.76 0.0063 
Percent HGD Soils 0.86 0.0007 

NCHGD 
Percent HGD Soils -0.99 <.0001 

Minimum Stream Slope -0.86 0.0137 
Percent HGB Soils 0.85 0.0148 
 
 
 

Pebble Count 
Soil 

Classification Sediment Measure Watershed Variables 
Spearman 

Rank 
P-

Value 

CHGB 

Silt 

Percent Riparian Shrub -0.96 0.0005 
Minimum Slope -0.86 0.0137 

Percent Forestland -0.82 0.0234 
Maximum Riparian Width -0.80 0.0301 
Minimum Riparian Width -0.79 0.0343 

D Size 0.79 0.0343 
Percent Pastureland 0.86 0.0137 

D Linkage 0.89 0.0068 

Sand 
Stream Segment Gardient -0.93 0.0025 

Percent Cropland -0.86 0.0137 
Stream Subregion Gradient -0.79 0.0343 

Total Fine Sediment 

Minimum Slope -0.82 0.0234 
Stream Subregion Gradient -0.79 0.0343 

Percent Riparian Shrub -0.79 0.0362 
Percent Urbanization 0.79 0.0353 
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Cattle Access to the Stream 0.87 0.0117 

NCHGB 

Silt 

Stream Segment Gradient -0.89 0.0002 
Stream Reach Gradient -0.87 0.0005 

Percent HGB Soils -0.82 0.0018 
Stream Subregion Gradient -0.60 0.0528 

Maximum Elevation -0.59 0.0556 
Shreve Linkage 0.62 0.044 

D Size 0.71 0.0144 
Watershed Area 0.72 0.0128 
Percent Cropland 0.81 0.0026 

D Linkage 0.82 0.0022 
Percent HGD Soils 0.87 0.0005 

Sand 
Shreve Linkage -0.66 0.0279 

Percent Cropland -0.61 0.0482 
Minimum Slope 0.68 0.0216 

Total Fine 
Sediments 

Stream Reach Gradient -0.96 <.0001 
Stream Segment Gradient -0.94 <.0001 

Percent HGB Soils -0.88 0.0003 
Percent Coarse Textured Soils -0.79 0.0038 

Maximum Elevation -0.65 0.032 
Percent Pastureland -0.64 0.0353 

Presence of Instream Human Disturbance -0.60 0.0522 
Stream Subregion Gradient -0.60 0.0528 

Stream Segment Length 0.61 0.0467 
Percent Cropland 0.71 0.0146 

D Linkage 0.72 0.0117 
D Size 0.77 0.0051 

Percent HGD Soils 0.83 0.0017 

NCHGD 

Silt Maximum Riparian Width -0.90 0.0063 

Sand 
Percent Pastureland -0.89 0.0068 

Percent Cropland 0.86 0.0137 
Total Fine 
Sediments 

Maximum Riparian Width -0.84 0.0189 
Presence of Instream Human Disturbance -0.79 0.0343 

 
Turner-Hillis Deposited Sediment Sampler 

Soil 
Classification Sediment Measure Watershed Variables 

Spearman 
Rank 

P-
Value 

CHGB 

Silt 

Stream Segment Gradient -0.89 0.0068 
Stream Subregion Gradient -0.79 0.0343 

Percent Coarse Textured Soils -0.79 0.0362 
Watershed Area 0.86 0.0137 

Sand Presence of Instream Human Disturbance 0.87 0.0117 

Total Fine 
Sediments 

Stream Segment Gradient -0.86 0.0137 
Percent Coarse Textured Soils -0.75 0.0522 

Watershed Area 0.93 0.0025 

NCHGB Silt 

Percent Riparian as Bare Soil -0.60 0.0503 
D Linkage 0.59 0.0549 

Percent Riparian Large Tree 0.66 0.0269 
Shreve Linkage 0.69 0.0182 
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Percent Urbanization 0.74 0.0094 
Watershed Area 0.81 0.0026 

Sand 
D Size -0.65 0.0319 

Percent HGC Soils 0.66 0.0269 
Minimum Slope 0.73 0.0112 

Total Fine 
Sediments 

Stream Subregion Gradient -0.67 0.0239 
Percent Riparian as Bare Soil -0.64 0.0331 

NCHGD 

Silt Percent Forestland 0.89 0.0068 

Sand 
Percent HGB Soils -0.74 0.0566 

Mean Riparian Width 0.75 0.0522 
Presence of Instream Human Disturbance 0.79 0.0343 

 


