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ABSTRACT 

     Step-pool and cascade morphology reflect the geological and climatic factors affecting 

channels in mountain watersheds.  This study uses longitudinal and cross-section surveys 

of a headwater stream in the Boston Mountains of the Ozarks Plateau region in northwest 

Arkansas to describe channel form and develop quantitative models for comparisons with 

other regions.  The Bowers Hollow Creek watershed (3.5 km
2
) is located within the 

boundaries of the Forest Serviceôs Upper Buffalo Wilderness Area.  Step-pool 

morphology varies with the influence of lithology and sediment supply in the Boston 

Mountains.  However, step height and wavelength relationships are generally similar to 

other regions.  Distribution of step-pool forms occurred throughout the watershed.  The 

study area exhibited on average reach slopes of 0.105 m/m, widths of 6.10 m, crest 

particle sizes of 440 mm, step height of 0.87 m, and step wavelength of 6.62 m.  The 

mean step steepness for the watershed was 0.13, while the mean reach step length to 

height ratio was 9:1.  Step height and steepness values can vary by >30% according to 

measurement method.  Thus, comparisons of step height-based relationships among 

different studies may be problematic unless a standardized method is selected to define 

step height. 
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CHAPTER 1 

INTRODUCTION  

 

     Steep headwater streams located in mountainous environments are the beginnings of 

entire fluvial systems.  These low order streams influence the sediment budget 

downstream in the fluvial system as well as the geomorphology based on the inference of 

the sediment from headwater streams directly into the main stem of the larger system.  

The geometry of the channel must be studied in order to conceptualize how mountainous 

headwater streams cope with erosional processes.  Through understanding the form and 

function of the features comprising the bed of the channel, steps and pools for example, 

we can better comprehend why steep headwater streams are not primarily flumes which 

flush discharge and sediment through the immediate system. 

     Due to the harsh environment in which step-pools are found, there is an incomplete 

understanding of how step-pools fit into the broader context of the overall fluvial system.  

This gap in the knowledge of step-pools is important for three reasons: (i) step-pools are 

a dominating feature in headwater and mountainous streams, and mountains cover a large 

portion of the earthôs surface, (ii) in order to obtain a clear picture of the fluvial system, 

headwater and mountainous streams; which are the beginning of larger streams, are 

comprised of step-pools, and produce large quantities of sediment and water, must be 

better understood, and (iii) as populations move further into mountainous environments, 

the more knowledge we have concerning step-pool streams the better we can manage the 

development and restoration of these areas (Chin, 2003).  This is especially true in 

northwest Arkansas, where there are increases in populations into environmentally 
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sensitive areas, yet there has been little or no research done on the headwater streams of 

the rivers in the Boston Mountains.    

     The research completed for this study took place in the Bowers Hollow watershed 

located in the upper 10% of the Buffalo National River watershed (Figure 1.1).  The 

mouth of Bowers Hollow Creek is approximately seven miles downstream of the forming 

of the Buffalo River at the confluence of Big Buffalo Creek and Reeves Creek.  Due to 

the rugged topography, this area produces streams which exhibit step-pool bedforms, 

waterfall features, and other geomorphic characteristics found in steep mountain streams.  

The Bowers Hollow watershed is fully contained on public lands supervised by the U. S. 

Forest Service, therefore fieldworkers had complete access of the entire study area 

watershed. 

     Step-pool characteristics are difficult to quantify due to their limitations of sampling 

logistics and high degree of variation in form.  The spatial distributions of step-pool 

features reflect the influence of lithology, hydraulic regime, slope, and sediment supply 

in the watershed (Wooldridge and Hickin, 2002, Rathburn and Wohl, 2003, and 

Montgomery and Buffington, 1997).  Nevertheless the amount of knowledge concerning 

step-pool morphology is lacking in comparison with riffle-pool literature (Chin, 2005).  

As human activities move further into mountainous regions, a better understanding of 

step-pool morphology will be needed to responsibly cope with management and 

restoration issues (Lenzi, 2002).  Three of the most important and commonly studied 

geomorphic variables of step-pool channels are step height, wavelength, and slope (Chin,  
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Figure 1.1  (a) Location of Buffalo River watershed within confines of Arkansas, (b) 
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1999, and Zimmermann and Church, 2001) (Figure 1.2).  Empirical relationships and 

reach comparisons of these variables have shown potential for developing geomorphic 

models of step-pool evolution and behavior in mountain areas can be applied to models 

for use in management and restoration (Chartrand and Whiting, 2000, and Lenzi, 2002). 

     The longitudinal profile of a step-pool stream consists of a repetition of steps and 

pools to create a profile similar to a staircase (Zimmermann and Church, 2001) (Figure 

1.3).  The steps defined in this paper consist of cobbles, boulders, and bedrock forms 

which span the width of the channel to create a natural step in the stream (Chin, 1999).   

The step creates a vertical drop which dissipates the energy of the water, thus minimizing 

the effects of erosional forces on the morphology of the stream (Chin, 1998).  These steps 

are the geomorphic feature most often studied in mountain streams.  They are a potential 

window to understanding the sediment supply, both directly through transport and 

indirectly through bank stabilization through erosion control.  Pools are collectors of this  
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Figure 1.2  Longitudinal profile of a step-pool form with key measurements (Duckson 

and Duckson, 2001) 
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     Figure 1.3  Schematics of a natural step-pool sequence (Lenzi, 2002) 
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turbulent water where tumbling flow and recovery eddies reduce the flowôs kinetic 

energy (Chin, 2003).  Therefore streams which exhibit step-pool morphology are most 

efficient at low flow conditions, when the water level has not exceeded the bounds of the  

active width.  The step-pool form is a dynamic which is developed for long term energy  

dissipation, with the capability to withstand, to a certain threshold, the increased 

discharge and velocities associated with storm events.  Floods produce enough energy to 

assist the bedform in the formation and evolution of step-pool sequences. 

     Step-pool forms need a high gradient or slope to produce the amount of velocity 

necessary in the formation of step-pool sequences.  This can be found in steep mountain 

streams which are strongly associated with hillslopes that provide sources of sediment 

(Knighton, 1998) and channel gradients which exceed 5% (Wohl, 1997; Gomi et al. 

2003).  The sediment in step-pool streams varies in size, but step form is generally 

influenced by relatively larger sized clasts, since headwater streams generally transport 

larger sediments than downstream sections of the river (Wohl, 2000). 

     Step-pool morphology is traditionally described by measures of step height and 

wavelength.  Wavelength is the longitudinal measure of importance, similar to riffle 

spacing, when examining mountain streams.  Step height is the vertical measure used 

when studying mountain streams and is the distance from step crest to the pool below.  

When step height is divided by wavelength (H/L) the step steepness (S) is produced 

(Abrahams et al., 1995, and Wohl, 2000) (Figure 1.2).  Inversely, when the step 

wavelength is divided by height, the wavelength to height ratio is produced.  

Zimmermann and Church (2001) mention minor variation in the measurement of step 

heights (Zimmermann and Church, 2001).  Most studies do not discuss variation in the 
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different measurement methods used when comparisons of different studies are used.  

However, variability may exist in the measurement methods pertaining to step height and 

wavelength and thus hinder the organization of an encompassing step-pool data set 

(Figure 1.2). 

 

Study Objectives 

 

     The purpose of this study is to characterize and quantify step-pool morphology of 

Bowers Hollow Creek in the Boston Mountains of Arkansas (Figure 1.1).  The objectives 

of this study are to: (i) characterize the spatial distribution of step-pool reaches within an 

Ozark headwater watershed, (ii) describe the geomorphic relationships involving step 

height, step wavelength, active width, drainage area, slope, and particle size, (iii) evaluate 

the influence of three common measures of height and length used in the literature for 

geomorphic analyses, and (iv) evaluate the influence of channel substrate type on these 

geomorphic relationships. 

     Very little is known about mountainous headwater streams in the Midwest.  However, 

the geologic nature of the Ozarks Plateau produces headwater streams which exhibit the 

mountain bedforms of steps and pools (Figure 1.4).  This is the first study on step-pools 

in the Ozarks looking at a river catchment that heads on a plateau surface with base level 

controlled by the Buffalo River.  Few studies, with the exception of Gomi et al. (2003) 

which studied headwaters streams of Southeast Alaska, have examined step-pool reaches 

across very small drainage areas.  Through understanding the sediment transport of  
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     Figure 1.4  Typical step-pool sequence from study area 

 

headwater streams, the river continuum concept can be used to examine the influence of 

headwater stream sediment into the larger order streams.  Fluvial systems exhibit a 

continuum of form which infers that processes upstream effect morphology downstream 

(Rosgen, 1996).  Therefore data from this study can be applicable to multiple scientific 

disciplines, such as biology and geomorphology, and by managers concerned with the 

protection of aquatic species and habitats. 
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CHAPTER 2 

STEP-POOL FORMATION  AND FUNCTION  

 

     Step-pool morphology reflects the geological and climatic factors affecting channels 

in mountain watersheds.  This study will use longitudinal and cross-section field surveys 

of a headwater stream in the Boston Mountains of the Ozarks Plateau region in northwest 

Arkansas to describe channel form and develop quantitative models for comparisons with 

other regions.  Channel form of steep mountain streams is usually dominated by step-pool 

morphology (Chin, 2005). 

     The characteristics found in step-pool streams can be organized following 

classifications.  Montgomery and Buffington (1997) introduced a scheme for channel 

reach classification which included step-pool, cascade, planebed and bedrock categories.   

Zimmermann and Church (2001) presented the categories of step-step and rapids which 

Gomi et al. (2003) combined with the categories presented by Montgomery and 

Buffington (1997) to create a modified classification scheme (Figure 2.1).  The 

classification of channel reach type in Bowers Hollow watershed will follow a modified 

scheme which will be discussed later.   

     Work done on step-pool formations has shown them to occur in streams with a 

gradient which ranging from 0.02 to 2.0 (Grant, Swanson, and Wolman, 1990).  Once this 

range of slope has been exceeded, cascade morphology influences the bedform (Figure 

2.1).  So higher slopes will create cascade features in the longitudinal profile, while lower  
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     Figure 2.1  Profiles of channel types in mountainous areas (Gomi, 2003) 
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slopes will create planebeds (more laminar flows which show up as straighter lines 

without peaks and valleys in the profile).  These planebeds do not exhibit stream-wide 

accumulations of boulders and gravel (Montgomery and Buffington, 1997).   

     Step-pool sequences can still be found in higher gradient channels, yet the pools are 

generally deeper and more developed according to lithology (Gomi, et al., 2003).  

Therefore as the slope increases so does the step height (there is conflict between workers 

concerning this), while the wavelength decreases as the slope increases (Wohl and 

Grodek, 1994; Chartrand and Whiting, 2000).  This may not show the true picture since 

slope is related to other stream variables.  In bedrock channels with lower gradient there 

is more of a chance that gravel and boulders will accumulate to form transverse ribs, 

which are the foundations for steps (Duckson and Duckson, 2001).  In bedrock channels 

with a higher gradient the sediment supply is usually flushed through the bedrock section.  

This dynamic is similar to a flume without any chance for a step to from. 

     Step-pools are bedform structures which accomplish their job of energy dissipation 

best in low flow situations (Chin, 1998).  The size of particles found within steps varies 

greatly ranging from sand/silt particles trapped in crevices between gravel to boulders 

which are larger than the depth of flow.  The step is designed to produce a vertical drop 

into a recovery pool which in turn reduces the forces contained within the flow (Heede, 

1981).  Therefore levels of stream discharge, which are lower than the maximum height 

of the active width or lower work best in this scheme to dissipate the energy of the flow 

(Figure 2.2).  The two types of energy dissipation involved with step-pools are potential 

energy dissipation and kinetic energy dissipation (Chin, 2003).  Potential energy 

dissipation involves the vertical drop associated with the step, while kinetic energy  
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     Figure 2.2  Model showing energy dissipation effectiveness of low flows (Chin, 2003) 

 

dissipation involves the roughness of the channel and substrate (Chin, 2003).  As levels 

of discharge increase the overall effect of the step is greatly diminished due to the 

reduction in both vertical drop and the influence of substrate resistance (Lee and 

Ferguson, 2002) (Figure 2.2).  

     The actual formation of these steps is debatable due to the harsh environment in which 

they are located.  Step-pool streams are generally located in mountainous areas which are 

rugged in terrain and present the researcher with unique logistical problems involving 

accessibility (Chin, 2005).  These steps are generally formed during high discharge, low 

frequency flood events (Whittaker and Jaeggi, 1982).  These high discharge levels can be 

estimated through hydraulic reconstructions using measurements taken at low flow 

conditions (Lenzi, 2002) (Figure 2.3).  Figure 2.3 represents a complete fluvial cycle of a 

step-pool sequence.  The model shows the low flow form of step-pools to be the central  


