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Section 4: Prairie Stream and Riparian Ecology 101

This section is intended to provide basic background on prairie stream, riparian area, and hydrology and 
geomorphology concepts. This technical information can help you understand why and how streams function.

What Is a Prairie Stream?
Prairie streams in the Great Plains region are primarily vegetated by prairie grasses and forbs in a landscape that was 
historically kept open by grazing and fire (Figure 12). Today, they exist in a precarious balance between flooding and 
drying.

Figure 12: This mixed shortgrass prairie in western South Dakota features shrubs and intermittent and ephemeral streams. Photo © 
Corissa Busse, TNC
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Unlike streams in the mountainous western United States, prairie streams receive only a small amount of their annual 
flow from snowmelt, and this supply is quickly cut off come spring. Most of the flow in prairie streams comes from 
rain events. As a result, prairie streams tend to be much “flashier,” with more extreme experiences of flooding and dry 
periods.

These streams are incredibly unique and highly adaptive systems. Like the Great Plains themselves, prairie streams 
experience extreme heat and cold, severe weather events, and high fluctuation between drought and wet years. The 
plants and animals that depend on these habitats are adapted to survive here (Lytle 2002). Some of the aquatic and 
water-dependent animals that live in these harsh conditions are unique to the landscape (Dodds et al. 2004) and are 
resilient to the natural variation in drought and flood cycles. Some species respond to this variation through physical 
adaptations (such as insect eggs being able to dry out in the mud during dry periods, and some plant species being 
able to withstand having their roots either completely inundated or totally dry). Others adapt through their life history 
strategies, such as seasonal habitat use and migration.

Figure 13: Although high turbidity is often stressful to aquatic life, many prairie species are relatively well adapted to it. Here, a 
western hog-nosed snake navigates the waters in the North Fork of the Moreau. Photo © Dave Stagliano, Montana Biological Survey

Upstream reaches of prairie streams are characterized by frequent drying, little canopy cover, and limited leaf input. 
Headwater prairie fish communities are adapted to these conditions and to high turbidity, or high levels of suspended 
sediment in the water that can appear murky or stagnant (Matthews 1988; Perkin et al. 2017) (Figure 13). In lower 
stream reaches where more water collects from a larger land area, floods may be more intense and drying may be less 
common, which can result in more extensive floodplain forests.

Most of the research on stream ecology has focused on larger rivers and perennial streams (Allan and Castillo 2007). 
Small prairie streams have been understudied and most likely undervalued (Perkin et al. 2017), and there are limited 
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data on small ephemeral and intermittent streams in western South Dakota (Matthews 1988, Dodds et al. 2004). These 
systems cover over 18,000 stream miles in West River and may be useful indicators of overall watershed health (South 
Dakota Natural Heritage Database). Riparian areas also have a high potential for restoration and functional improvement 
through management and low-cost inputs, as they are naturally more productive and responsive to change than upland 
areas.

History and Current Status of Prairie Streams and Riparian Areas

Prairie streams have seen significant change over the last several hundred years. Rather than 
managing for the return of ideal historic conditions, which are generally unknown, this guide 
recommends managing for continuous improvement.

Over the last 200 years, there have been significant alterations to prairie grassland systems and the natural disturbance 
regimes to which they are adapted. In the early 1800s, trappers and fur traders nearly eliminated beavers from the North 
American landscape. Prior to this period, beavers were likely located on nearly all stream systems and had an estimated 
population of 60–400 million animals. These beavers created networks of dams and pools to slow and hold water 
across the prairie. However, by the 1900s, due to heavy trapping to feed the fur trade, these stream engineers were 
nearly eliminated from most streams. With the loss of beavers, the pools, dams, and habitat that they created were also 
lost, and streams across the country suffered significant erosion and loss by the early 1900s.

Around this time, homesteaders also began to enter the landscape, often settling along stream areas where water and 
wood were available. Many trees from these lands were cut to build homes and fences, or for firewood. These settlers 
also brought new forms of livestock, such as sheep and cattle, which were not as adapted to the landscape as native 
grazers. Many areas of western South Dakota also served as summer feeding grounds for large herds of livestock that 
were brought from the south and held over until train shipments could move them elsewhere. This resulted in heavy 
utilization of certain landscapes, especially riparian areas, further adding stress to these systems.

Many prairie streams and rivers continue to be degraded or threatened by a variety of activities that have impaired their 
function, including overutilization by livestock; fire suppression; invasion of non-native cool season grasses and lack of 
grazing; roads; dams, irrigation withdrawals, and other hydrologic alterations; and outright conversion to agriculture, oil 
and gas development, and other uses.

It is unclear how much today’s prairie streams have changed from their pre-settlement conditions. Historically, many 
prairie rivers were likely turbid (i.e., they naturally carried high loads of fine sediment), especially in the badlands 
region of southwestern South Dakota. However, turbidity and sediment load in many areas have likely increased with 
agricultural expansion, channel disturbances, and other hydrologic alterations. Many fishes and other aquatic species 
that were once common have disappeared or have become rare (Hoagstrom et al. 2007; Barrineau et al. 2010).

Prairie streams are naturally subject to highly unstable flows and harsh fluctuations in temperature, moisture, and flow 
regime. However, climate change is likely to exacerbate these extreme conditions, by changing the patterns of timing 
and seasonality to which species are currently adapted. For instance, current climate change models predict that the 
NGP will experience even more intense rain activities (such as several inches within an hour), with more severe or 
prolonged dry or even droughty periods between precipitation events (USGCRP, 2018). We are already beginning to 
see these changes occur, and they are predicted to continue and become more extreme over time.

Due to these hundreds of years of alteration, nearly all prairie streams have suffered significant loss or change from their 
historic conditions, and these changes continue to occur. As a result, it is difficult to know for certain the true potential 
that prairie stream systems hold. “Reference conditions” or ideal, healthy, unaltered systems can serve within ecological 
planning as a benchmark or guide for what healthy streams could or should look like. However, given the significant 
degree of historic changes, reference prairie streams likely no longer exist. Instead of describing a benchmark or ideal, 
this guide intends to provide a pathway toward continuous improvement and adaptive management.

The Formation of Channels in Prairie Streams
The surface geologic material of western South Dakota consists primarily of marine sediments originating from the 
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Cretaceous period, over 65 million years ago, when the area was under a shallow ocean. This oceanic history is why 
many of our soils tend to have conditions of high salinity—due to ancient bodies of salt water that have now receded. 
Since that time, various erosion events have transported that material downstream.

Over millions of years, the landscape has developed a dense, branching channel network, most of which consists 
of small, ephemeral streams that are found on nearly every ranch in western South Dakota. The upstream end of the 
channel migrates farther upstream over time into the upland areas, extending the channel network. Although channel 
migration is an ongoing and continuous natural process, this process of drainage development has been accelerated by 
land use and climate changes and now occurs much more rapidly.

Headcuts (also known as “knickpoints”) are commonly found at places of high disturbance, such as areas where 
livestock gather, at road crossings, along fencelines, etc. These are usually points where water can accelerate and 
erode its channel.

Figure 14: This image shows a headcut that is marching up into a prairie system. The headcut causes the stream to downcut or 
incise. Below this area, the stream channel is now deeply incised, is disconnected from its floodplain, and drains quickly. Above the 
headcut, there is almost no channel formation and stream waters spread out over a valley and are stored in the landscape. Photo © 
Kristen Blann, TNC
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As the rate of channel formation increases higher into the uplands through headcuts and incision, this can result in 
critical water supplies draining more quickly from the prairie landscape. These management challenges are described 
in more detail, along with possible solutions, in the latter sections of this guide. Our ability to manage streams toward 
healthy conditions that slow and hold water on the landscape is important for plants, wildlife, and livestock alike that 
depend on these waters—especially in the hot summer season.

What Does a Healthy Stream System Need?
Healthy prairie streams support self-sustaining ecological, hydrological, and geomorphic processes that provide 
critical ecosystem services. As a general rule, healthy streams are dynamic, yet resilient (or less sensitive), to changes 
and stressors. Resilient streams can more easily respond to large and intense rain events, severe and prolonged 
drought, and wildfire events. In turn, these resilient systems provide us with improved water storage, increase forage 
production, reduce the force of floods, and increase habitat for many diverse species. Each stream is unique, and 
healthy, resilient systems vary in their specific dimensions, flow regimes, plant compositions and more. Yet, all healthy 
systems depend on several interrelated requirements (adapted from Wheaton et al. 2019):

1) Healthy streams need space. Healthy streams flood often and are highly interactive with their floodplains. An 
active stream will move and shift where water flows (both vertically and horizontally), allowing waters to access new 
areas and shift the course of water during major storm events. Healthy streams have the freedom to “exercise” and 
dissipate energy. This exercise will also involve the movement of sediments during high flow events, resulting in 
erosion and deposition of materials into new and dynamic features and structures in the valley bottom. As a result, 
healthy stream channels and their adjacent floodplains are also dynamic and ever-changing.

In comparison, a static stream system without the ability to change will not have flexible room to exercise its 
“streamness” (picture, for instance, an irrigation ditch). Seeking to armor or prohibit a stream from changing or 
exercising its dynamic nature can cause long-term damage to the site as well. Imagine breaking an arm and putting 
it in a cast, but then never removing the cast later. Healthy systems—including streams—need movement and activity 
to heal and strengthen. The challenge is noting when this movement and activity is heading toward a healthy state, 
and when it is degrading. We will discuss this more throughout the guide.

2) Healthy streams need complexity. Elements such as vegetation, woody debris that falls into streams, and beaver 
dams in valley bottoms provide physically diverse and structurally complex habitats that build resilience in the 
system. These elements add “roughness” to valley bottoms, which forces the flow of water to change and adapt. In 
a complex stream with strong structural diversity, water must navigate a series of obstacles in its path; it is forced 
to wander over, flow around, back up behind, or slowly trickle through these obstacles. Ultimately, these physical 
alterations cause the stream’s flow to spread out and slow down, forming pockets, pools, bends, and turns in the 
stream. This physical diversity adds complexity and ultimately resilience to the system by reducing the speed of 
the water in high-flow events, storing water longer during dry times, and providing refugia and habitat during floods, 
drought, and wildfire events.

It is important to remember, however, that the importance and types of structure vary in each stream. No two 
streams are the same, and each stream is influenced by its position in the watershed, flow regime, valley setting, 
and stream type. Some prairie streams of western South Dakota may never have supported woody vegetation and 
tree species. It is important to respect the diversity of each stream and recognize that streams are influenced by 
their landscape—and are constantly changing as a result.

3) Healthy streams are inefficient at moving water and sediment. Healthy streams will work to slow down the 
flow of surface and underground water through the watershed, helping to reduce the force of floods and prolong the 
time that water and nutrients stay high in a watershed or landscape. The result is that a healthy stream system can 
act like a “sponge,” slowly releasing water over long periods of time. This storage and slow-release process is not 
only beneficial to the health of the stream, but critical for wildlife and livestock as well—especially in times of drought 
or wildfire.

The more diverse and connected a stream is, the more time it will take for water and sediment to move, thereby 
extending its availability in our riparian areas. It’s important to note that this does not apply to structures that 
completely stop water and sediment, as they decrease the connectedness of the system. In comparison, a 
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simplified channel like the irrigation ditch example above will rapidly transport water and sediment off-site and down 
to the Missouri River, which limits its ability to benefit plants and animals here in the upper watershed.

As mentioned above, a healthy, resilient stream is a connected stream, and all these pieces are interrelated and feed 
into one another. For a stream to slowly transport more water, it needs floodplain connection and physical complexity. 
One indicator of system resilience and health is a decrease in sensitivity to changes in precipitation over time. A healthy 
and resilient system will have less dramatic differences between wet and dry years.

Understanding the Basic Landscape Features of a Prairie Stream
Often, when we think of a stream, we think of just the defined path where water is flowing most often. This zone where 
flowing water is contained (when not flooding) is known as the stream channel. The bottom of the stream channel is 
known as the stream bed, and the sides of the stream channel are known as the streambanks.

Many streams in western South Dakota tend to have one defined channel, often narrow in width, that a person could 
easily jump across. However, stream channels can take many different shapes and forms. Some streams may have 
multiple channels that spread across a landscape, braiding and twisting together. Other streams may not have a 
channel at all, but instead act like a wet meadow with water flowing through and over the ground across a wide area.

A stream’s channel does not represent a full stream system however. Instead, the stream is also connected to its 
floodplain – and together, the stream channel and floodplain form a valley bottom. This connected series of parts is 
also referred to as a riverscape. The important point to note here is that a stream is made up of far more than just the 
channel where water flows most often. In reality, a stream is more of a system of landscape features working together 
to influence the flow of water. This section of the guide will describe some basic features that affect prairie streams, 
including valley bottoms, riparian areas, floodplains, and uplands.

How to Identify and Read a Valley Bottom
A valley bottom is a low area in the landscape generally located between hillsides or mountains. These low areas 
are where water will flow to and collect. As a result, a valley bottom will typically have a stream flowing through it. The 
movement of water and resulting erosion over thousands and millions of years is what ultimately forms the shape of the 
valley itself.

In western South Dakota prairies, many valleys are wide, open, and known as flat-floored valleys. Streams in these 
valleys may tend to wind and meander and have more room to spread out during flood events. In steeper areas, 
however, such as on hillsides and buttes, water tends to run downhill faster, increasing erosive forces. This creates more 
of a V-shaped confined valley bottom where water has less room to spread out.

Hillslopes are the features that flank the valley, where the topography rises as hillsides or buttes (or as mountains in 
areas farther to the west). The toeslope is the portion of the hillslope that becomes more gradual as it transitions to the 
valley bottom. Sediment and erosion that flow down the hillslope will often slow down and accumulate in the toeslope 
area.

An alluvial fan is another landscape feature that forms when eroded gravels, sediments, and silts (known collectively 
as alluvium) are carried through steeper water courses such as woody draws and steep streams. When these steeper 
waters reach a flat area such as a valley bottom, they slow down and spread out, often forming a triangle-type pattern 
that resembles the shape of a fan or shell. Alluvial fans indicate areas where water collects and deposits from the 
uplands into a flatter landscape. Alluvial fans usually contain many diverse plant species that have deep roots to access 
groundwater below the fan’s surface.

When getting to know a stream system, it is important to look up and away from the stream channel itself. Notice the 
valley depression and hillslopes within the landscape that surrounds the stream. As noted, this valley depression was 
formed over time by the stream itself. The flat valley bottom represents the area that was historically flooded with water 
during significant high-flow events. In healthy systems where streams still have access to their floodplains, large areas of 
the valley bottom may still be accessed during these high floods, resulting in greater forage and water storage capacity 
in these areas. In contrast, in systems where a stream has incised, the stream may now be separated from spilling over 
across these historic floodplains, resulting in a loss of forage productivity and water retention in large areas of the valley 
bottom.
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What Is a Riparian Area?

Riparian areas are the most productive and critical habitat features of the landscape—for 
livestock and wildlife alike.

The term riparian refers to the area that borders a stream or other body of water: the strip of green that links water to 
land. Riparian areas are distinctly different from surrounding upland areas and have many important functions. These 
areas are often the most productive sites on the landscape and remain green and lush far into summer when other 
areas have dried. A study from eastern Oregon, for instance, showed that though riparian areas only composed about 
2% of a ranch’s physical area, these zones were able to produce up to 20% of the ranch’s forage potential (Roath et al. 
1982). Because riparian plants remain wetter for longer, they also can hold crude protein for greater periods of time—
even up to the first frost. Ultimately, a riparian area is a unique feature on the landscape, distinctly different from the 
uplands, that is composed of plant communities affected by their connection or proximity to a water source.

Figure 15: This image shows different riparian corridors intersecting. Riparian areas are unique features on the landscape with more 
lush, green vegetation than the surrounding uplands. Photo © Joe Dickie, Generation Photography, Inc.

The dense vegetation of riparian areas and the plants’ strong, fibrous root systems also help to slow and hold water 
on the landscape, recharging groundwater, reducing erosion (especially during high flows), and trapping or exporting 
sediment. Strong riparian plant communities can help dissipate or lessen the intense energy of flood events. Without 
riparian plants, flood waters can scour out bare soils along a stream edge, causing the stream to incise and erode. In 
contrast, strong riparian plant communities can act like a buffer and create “drag” to slow the force of flood waters that 
flow over them. Riparian areas also provide increased shade, cover, and beneficial habitat to support a wide variety 
of plants and animals, including insects, fish, birds, and game species. Livestock also benefit from and appreciate the 
same features that attract wildlife to these critical areas.
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Figure 16: These photos show two streams of similar size, both in northwest South Dakota. The stream on the left does not have a 
strong riparian community and lacks complexity. The stream on the right has a developing riparian community with willow and other 
dense vegetation to help slow and hold water and provide greater habitat and cover. Generally, streams with a healthy riparian area 
are more complex and diverse. Photos © Corissa Busse, TNC

Defining the riparian area can be challenging, as it depends on the size of the stream and its valley, the distinctness of 
the slopes adjacent to the channel, and how gradually vegetation transitions to an upland plant community. Riparian 
areas vary greatly in size and extent, but their contribution and value far exceed their relatively small size.

Riparian areas are found at every elevation and in all landforms. They differ depending on local physical conditions 
(e.g., water, soil, temperature) and their location (e.g., elevation, valleys, canyons). In mountainous regions, they may be 
narrow and confined to deep ravines or canyons, while in lowland floodplains, they may meander across broad valleys. 
Desert washes and dryland areas may be sandy or canyon-like arroyos, containing water for only a short time each 
year. These differences in vegetation, landform, and geology have led to a wide variety of terms used to denote riparian 
areas: riparian buffer zones, gallery forests, cottonwood floodplains, woody draws, alluvial floodplains, floodplain forests, 
stream valleys, and streamside meadows.

In summary, although riparian areas may look different from one another, they all provide critical benefits to the 
landscape and health of the stream. Figure 17 identifies the riparian area or corridor in a few different examples and 
types of systems. The healthier the riparian area, the greater its complexity and diversity.
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Figure 17: These images show a variety of riparian systems across western South Dakota. The photos on the left side (column A) 
show these systems at ground level, and the photos on the right (column B) show these same streams from an aerial perspective. 
Each riparian system is dynamic and they have different features and appearances in different portions of the stream. Photos © Joe 
Dickie, Generation Photography, Inc.



Page 36

What Is a Floodplain?

A floodplain that is connected to its stream helps to slow down and spread out the intense 
erosive power of flood events. Streams that have separated from their floodplain, however, will 
often experience greater erosion and incision during high rain events and floods.

The floodplain is the relatively flat area adjacent to a stream channel that tends to flood when flowing water exceeds 
the capacity of the channel (Figure 18). In a relatively natural stream that is in balance with its landscape, the active 
floodplain will be inundated (or covered in flood water) an average of two years out of three. In this instance, we say 
that the stream is “connected” to its floodplain. A larger, more extensive topographic floodplain may be associated with 
channels that have been developing for longer periods of time, and this larger floodplain may be inundated only during 
much larger, less frequent floods (as shown in Figures 18 and 19).

In the semi-arid American West, riparian areas are the thin ribbons of mesic habitat that 
support life on the prairie. The term mesic refers to areas with a balanced supply of moisture 
throughout the growing season.

Depending on local stream type and history, some streams may not have functioning floodplains, particularly those that 
have gone through a period of instability or downcutting. This is often referred to as the stream “separating” from its 
floodplain or losing connectivity due to incision.

The floodplain is a very important functional part of the riparian area. It acts to dissipate the energy of floods and helps 
prevent excessive soil erosion. It provides temporary storage space for floodwaters and sediment carried from the 
watershed. As floodwaters spread out over the floodplain, they typically slow down and their ability to transport large 
amounts of sediment or rock diminishes, allowing much of that sediment to be deposited within the floodplain.

Figure 18: This photo shows the historic valley bottom and floodplain of a stream that has incised. This incised stream channel 
now no longer regularly accesses the broader floodplain, creating far less area for floodwaters to spread out. Photo © Joe Dickie, 
Generation Photography, Inc.
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Figure 19: The top photo shows a less-accessed floodplain where sagebrush (an upland plant) is prevalent compared with the lush 
green riparian belt closer to the stream. Historically, this entire valley bottom was more regularly accessed by flood waters before the 
stream channel became incised. In high-flow events, however, flood waters still move over the historic floodplain, which slows the 
force of the water, trapping debris and sediment in the sagebrush and limiting erosive forces. The lower photo shows the contrast 
between infrequently flooded and regularly inundated areas. Photos © Joe Dickie, Generation Photography, Inc.
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A terrace is defined as a bench (or flat area) associated with an upland area that is no longer flooded. Terraces may 
have been floodplains at one time but were cut off from floods as the stream cut down or incised in response to flow 
changes in the watershed. When streams have begun this incision process or are separate from their floodplains, flood 
waters funnel within smaller and steeper corridors. This creates more erosive pressure and more forceful flowing water. 
For example, imagine the same amount of water flowing through a 2” pipeline, compared with a 1/2” pipeline. As the 
pipeline become smaller, the water pressure becomes greater.

Figure 20: When a stream goes through an incision process, it no longer has easy access to historic floodplain areas, which 
become known as terraces. The inset stream now flows through a tighter channel with more erosive power. Photo © Joe Dickie, 
Generation Photography, Inc.

Understanding and Noting Stream Sediment and Stream Bed Material
Stream bed material can also be an indicator of your stream’s potential and the conditions and habitat it creates. 
A variety of material in a stream bed is an indicator of resilience and is good for aquatic life and diversity. Coarser 
materials such as gravel or pebbles have more cracks and crevices between the particles where invertebrates and small 
stream fish can nest, feed, and find shelter. Streams that have consistent, fast-flowing water (such as low-gradient rivers) 
typically sort the bed material and flush out finer sediments, creating patterns of riffles with coarser material. Streams 
with coarser material also are generally more stable than those with fine silts. Ephemeral streams with slower-moving 
water (often in headwater systems) tend to have unsorted bed material. In many areas of western South Dakota, this is 
usually fine sediment (silt and clay), which tends to support lower aquatic life diversity. Having a fine sediment is not 
inherently a negative characteristic, merely a stream feature that is largely driven by the local parent material of your 
system, but it can be an indicator of your overall stream potential. Figure 21 illustrates various stream bed materials.

Recognizing the bed material is also important in understanding which management and/or restoration practices may 
be most applicable. In western South Dakota, a gravelly substrate often has more potential for natural cottonwood 
recruitment than a heavy clay or silty system. Likewise, a clay or silty substrate can be an attribute when installing in-
channel structures because the system will build point bars and new floodplains more quickly. Restoration options are 
discussed in greater detail later in the guide.
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Figure 21: A variety of stream bed materials are found in western South Dakota. The left photo is from a headwater stream and is 
composed of fine silts. The center photo is from a mid-sized stream and has a mixture of sands and gravels. The right photo is from 
a larger low-gradient prairie stream and is composed of larger pebbles and rock. Photos (L to R) © Montana Biological Survey; Chris 
Lenhart, TNC; Joe Dickie, Generation Photography, Inc.

Understanding Stream and Riparian Areas as Ecosystems
Riparian areas and complexes are ecosystems. An ecosystem is a functional system that includes both biotic parts 
(living organisms such as plants, animals, and microbes) and abiotic parts (physical components such as geology, soil, 
and topography). These biotic and abiotic components interact with each other over time and space. In other words, 
a riparian area is made up of both living and non-living things interacting together. For example, plants and animals 
interact with water and soil in unique ways in riparian areas.

Figure 22: Riparian areas have both biotic or living elements (plants, animals, microbes) and abiotic or non-living elements (rocks, 
sediment, topography). All of these elements affect each other as an ecosystem. Photo © Chris Lenhart, TNC
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Everything in an ecosystem is interdependent. If one element of the ecosystem is struggling, it will affect other parts 
of the network as well. In addition, if one element improves, it will improve other parts of the ecosystem too. This 
interdependence is important to remember as you work to improve or strengthen the health of riparian areas.

Riparian areas are also transition zones, or ecotones, between aquatic (water-based) systems and terrestrial (land-
based) systems and usually include a mixture of both characteristics. The characteristics and location make these areas 
important habitat for many species. Each ecosystem is distinct due to its unique interaction of biotic (living) and abiotic 
(non-living) components.

The main abiotic characteristics that define riparian ecosystems are hydrology, soils, and landforms, all of which are 
structured and acted upon by fluvial processes (i.e., the work that water does as it moves across the landscape). 
In turn, these structure the biotic components, mainly the vegetation. Consequently, riparian complexes may be 
identified and classified based on their hydrology, or flow; their geomorphology, or soils and landforms; or their 
vegetation zones and characteristic vegetation communities. The term hydrogeomorphology refers to how the abiotic 
components—flow, hydrology, and shape of the landscape—interact.

The terms “hydrogeomorphology” and “hydrogeomorphic” are both derived from the words 
hydrology and geomorphology. “Hydro” refers to water, “geo” to landform and land surface, and 
“morph” to shape.

Hydrogeomorphology is also a way to describe the study of landforms caused by the action of water. The Grand 
Canyon is an example of a giant and impressive hydrogeomorphologic process where water has shaped and altered the 
landscape. On a smaller but equally impressive level, western South Dakota has been highly affected by water flowing 
over the land for millions of years, creating the various buttes, draws, ravines, floodplains, and stream features across 
the landscape.

Figure 23: The western South Dakota landscape has been heavily shaped by hydrogeomorphic processes (or the movement of 
water over the land) for millions of years. Photo © Joe Dickie, Generation Photography, Inc.
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How Water Flows In and Shapes a Landscape
Much of the western South Dakota landscape has been heavily shaped by the flow of water throughout its long history. 
Our streams and riparian areas remain highly important ecosystems that continue to influence and shape the future of 
this landscape.

Relationships Among Streams, Riparian Areas, and Uplands

All areas of a watershed affect a stream’s health. How water flows over or through the uplands 
can directly impact when and how a stream receives water (whether heavy rainfall scours 
a landscape and creates erosion, or whether it slowly flows through the water table below 
ground). This also affects how long water can remain in the headwater landscape. Healthy 
upland management is critical to slowing and holding water in the landscape for longer 
periods.

The stream corridor itself includes the active channel (where water is flowing) and the immediate riparian area (adjacent 
to or touching the active channel). Transitional areas are not regularly inundated with water or are not directly adjacent 
to the stream corridor but are still affected by the stream. These include areas such as valley slopes, riparian forests, 
or wetland areas, as well as the floodplain and terraces of the stream valley, depending on whether these areas are 
identifiable as distinct bands of vegetation or landforms.

Managers and scientists often refer to the areas of the watershed or catchment that are not wet as uplands. Uplands 
may be flat, highly sloping, or gently sloping hillslopes; however, they are not regularly inundated or saturated by 
floodwater or a high water table. Often, water infiltrates in upland areas that have permeable soils, recharging local 
groundwater supplies and supplying downstream baseflow to streams through springs or seeps. These spring and 
seep features play a large role in the flow of many streams across western South Dakota. Although they often arise 
where hillslopes intersect the water table, their specific occurrence is hard to predict due to the variability of soils, 
topography, etc. across the landscape, as well as variation in rainfall and water table volumes over time.

Figure 24: The dark green vegetation shown in this photo is largely created by seeps or springs from the surrounding uplands that 
emerge at certain areas along and beside the stream drainage. These seeps and springs create pockets of more lush vegetation and 
in some areas, form pools of water. Photo © Joe Dickie, Generation Photography, Inc.
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Uplands with strong root systems and minimal bare ground tend to capture rainwater, pulling it down into the soil and 
slowly releasing the water through discharge areas of the water table or through springs. You may recognize this pattern 
when, for instance, stock dams do not fill immediately after a rain event, but instead fill days later from the water table 
below ground. In contrast, uplands with greater areas of bare ground, dense clay soils, or struggling soil health can form 
a seal during intense rain events, causing water to flow over the surface directly into catchment areas or streams—rather 
than down and through the soil profile. This above-surface flow can increase erosion and sediment levels in the water 
and can cause headcuts and incision.

In parts of western South Dakota, groundwater recharge is limited because of low rainfall and a predominance of clay 
soils, particularly in the Pierre Shale Plains. Western South Dakota is semi-arid, meaning that there is little excess water, 
and the soils are primarily fine-grained silts and clays that have very low permeability and poor drainage. Almost all 
streams outside the Black Hills region have less than 2 inches of sustained water flow between rain events (Ahiablame 
et al. 2017); this low-flow stage is commonly referred to as the baseflow.

Landform, landscape position, geology, and soil characteristics—in addition to hydrology, drainage area, and slope—
affect the way water flows across the surface of the land, as well as groundwater movement toward and within the 
riparian area. For example, groundwater seeps frequently emerge at the base of hillslopes. In contrast, in flat saturated 
areas underlain by tight soils, surface water runoff tends to form ponds and remain longer.

Springs and seeps play an especially important role in ephemeral and intermittent systems that do not carry flowing 
water year-round but may nonetheless preserve perennial pockets and pools of water in portions of the channel (as 
shown in Figure 25). These perennial or long-lasting pools of water are especially critical for wildlife—including microbes, 
insects, and fish—that are adapted to prairie streams. Some species have evolved ways to lie dormant in these stagnant 
pools through long periods of summer or drought until heavy rainfall once again provides flowing water through the 
channel, at which time they can migrate, recolonize areas, and move up- or downstream (Dodds et al. 2004).

Figure 25: Intermittent and ephemeral streams that go dry or lose their flow may still hold more perennial pools of water on the 
landscape—especially where springs or seeps are present. These pools are critical for wildlife that are highly adapted to this flooding 
and drying cycle. Photo © Joe Dickie, Generation Photography, Inc.
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Elements of Riparian Site Dynamics

Riparian areas and prairie streams are naturally dynamic. Change—including erosion or 
shifting plant communities—does not necessarily indicate that a stream is declining in health. 
Instead, it can indicate that a stream is healing or “exercising” in its natural state.

Riparian ecosystems are highly dynamic and continuously changing due to the constant action of the moving water, 
called fluvial activity. This activity forms channels and causes plant communities to shift in response to erosion, 
deposition, and water table on the fluvial surface. Fluvial surfaces are the floodplains and terraces associated with 
a stream. The stability and shape of a stream changes in response to shifts in climatic patterns and alterations in 
vegetation and management. These changes may be natural, the result of human activity on the landscape, or both.

The following topics and concepts discussed in this section will help you “read” your stream and interpret why it acts 
the way it does. It is critical to know the basics of these elements in order to understand and use the monitoring tools 
offered at the end of this guide. These concepts may seem technical in nature, but if you practice in the field, you will 
become more comfortable with them as you observe and see different streams in different states.

Streamflow (a.k.a. Discharge)
Discharge is the volume of water moving down the channel per unit of time, or the amount of flow. Discharge is usually 
expressed in units of cubic feet per second (ft3/s) or cfs. Because discharge is directly related to the work that water 
can do, it is one of the important variables that determines the size and shape of the channel. Streams with higher 
discharge contain more water and more energy. Streams with lower discharge contain less water and there is less 
energy in the system.

Discharge and Channel Morphology

During flood events, a stream is likely to move the most sediment; form new features such as 
bars, bends, and meanders; and change the structure of the channel.

Discharge directly relates to the ability of a stream to transport sediment and to shape the channel. The shape of the 
channel may be winding with many turns (where water takes longer to get from point A to point B) or straight like a 
chute (where water flows more quickly). The channel may be filled with diverse features such as point bars or debris 
at the inside of turns, or it could be deep and incised with steep walls and little diversity inside the channel. These 
elements of channel shape are largely controlled by the discharge of the stream. Larger flows move much more 
sediment and do most of the work of shaping the channel. The power of water that moves and shapes the channel and 
the landscape is evident after very large floods, when floodwaters may carve out new channels; move large boulders, 
trees, and other objects; and/or deposit large amounts of sand and silt downstream when floodwaters recede. In a 
natural landscape where the stream channel is stable and at equilibrium, the flow that does the most work to shape the 
channel over time is called the channel-forming (or dominant) discharge.

However, the most important and frequently referenced concept used by stream ecologists and restoration practitioners 
is the bankfull discharge, the discharge that occurs when water just begins to reach the height of the active 
streambanks and spreads into the floodplain, assuming that the stream is well-connected and not entrenched. Bankfull 
discharge is the measurement we will primarily use in this guide and assessments.
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Figure 26: These two photos are of the same stream. The photo on the left is from the upper headwaters, where the stream has less 
drainage area and less flow. The photo on the right is from downstream, where the flow has increased to a mid-sized stream with 
more erosive power. Photos © Corissa Busse, TNC

Bankfull Discharge

Bankfull discharge is the water that overflows when floodwaters fill to the banks of a stream 
and are about to spill into the floodplain. In stable streams, this occurs every year or two, or 
every few years in dry times.

The bankfull discharge fills a stable stream channel up to the elevation of the active floodplain. In channels that are 
not highly entrenched, it is the discharge that just fills the cross-section without overtopping the banks (hence the term 
bankfull). This discharge is significant to the shape of the channel because it represents the breakpoint between the 
processes of channel formation and floodplain formation. In stable stream channels, bankfull discharge corresponds 
closely to channel-forming discharge, and it occurs every one to two years, although it may be less frequent in arid and 
semi-arid streams (Leopold 1994; FISRWG 1998). Flows that are smaller than an annual flood don’t move as much 
sediment at one time but occur more frequently; larger flows do move a lot of sediment, but don’t happen very often. 
Flows that exceed the bankfull discharge also lose some of their initial power and speed as they spread out over the 
floodplain and their energy is dissipated.

Discharge is directly related to drainage area. Drainage area is the total surface area of a watershed upstream from 
a point on the creek to which all water will flow. As a drainage area becomes larger, it captures more rainfall and 
groundwater and the total streamflow volume tends to increase. Thus, downstream portions of a creek will have more 
water and discharge than areas upstream or in the headwaters, as shown in Figure 26.

In South Dakota, the USGS has developed statistical relationships between drainage area and streamflow for high flows 
and flood events ranging from a two-year to a 500-year flow event (Sando 1998). Much of this information can be 
accessed through the USGS StreamStats site https://streamstats.usgs.gov/ss/. This information is helpful in recognizing 
a stream’s ability to change over time and is key when evaluating what management and/or restoration practices may 
be effective and appropriate for an area.

Bankfull Height and Width
Bankfull stage can be estimated by the average elevation of the highest surface of the channel bars (Wolman and 
Leopold 1957). To determine where the active bankfull level is located, look for flat, depositional areas up and down 

https://streamstats.usgs.gov/ss/
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the stream reach. (See the USFS guide at https://www.fs.fed.us/biology/nsaec/products-videoswebinars-bankfull-ne.
html or visit https://youtu.be/UuS7H2NxJIM for a guide to field identification of bankfull stage in the western United 
States.) It is often difficult to identify bankfull stage indicators in the field. This is particularly true in unstable streams 
(e.g., streams that are changing in response to climate, disturbance, or land-use change). In these situations, check 
for visual estimates of bankfull discharge, such as depositional features, breaks in slope, and changes in vegetation. It 
is important to make estimates at many points along the stream, not just one cross-section. We recommend reviewing 
additional guidelines from the U.S. Forest Service, which provides useful videos on the identification of bankfull stage in 
the field.

Figure 27: These images show the measuring of bankfull width and height (or the width of the channel and height of water when it 
just begins to fill the stream’s banks before spilling into the floodplain). This measuring process is described more in the assessment 
portion of this guide. Photos © TNC

https://www.fs.fed.us/biology/nsaec/products-videoswebinars-bankfull-ne.html
https://www.fs.fed.us/biology/nsaec/products-videoswebinars-bankfull-ne.html
https://youtu.be/UuS7H2NxJIM
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Figure 28: To locate the bankfull zone, look for indicators of annual or more regular high-water events along the streambanks. Photo 
© Corissa Busse, TNC
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Measuring Entrenchment
Entrenchment is an estimate of how confined the stream is and the degree to which it is incised in the valley floor. The 
lower the entrenchment ratio, the more vertically confined the flow is. Higher entrenchment ratios mean there is more 
floodplain development and connectivity.

Figure 29: The entrenchment ratio (ER) is the width of the floodprone width (FW) divided by the bankfull width (BW). A lower 
entrenchment ratio indicates high entrenchment, or incision. [Source: Bernard et al. 2007] Photos © Corissa Busse, TNC; Joe Dickey, 
Generation Photography, Inc.
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How to assess the entrenchment of a stream:
The entrenchment ratio is equal to the floodprone width, divided by the bankfull discharge width of the stream. This 
stream feature is determined in the following way:

• Step 1. Measure or estimate the active floodprone width. 
This is the point where the water begins to leave the channel and spread out onto the floodplain. This area can 
be identified by looking for flooding evidence like debris piles that were deposited during flooding events and 
vegetation that has been laid over by water flow. See Figure 30 below.

• Step 2. Measure or estimate the bankfull width. 
For most streams, this flow occurs approximately every 1.5 to 2 years. Look for indicators of bankfull such as 
changes in vegetation and slope. The bankfull edge is located at the edge of this floodplain. Often the floodplain 
slopes down gradually and then more abruptly; this abrupt slope-break is usually a good indicator. Sometimes, 
you find the slope-break on only one bank. Also, look for bare soil and scour patterns where the high flows cause 
erosion; this is another good indicator of your bankfull edge. See Figure 31 below.

• Step 3. Divide the floodprone width by the bankfull width measurements. 
The number that results is your entrenchment ratio. A lower entrenchment ratio indicates that the stream is more 
incised. A higher entrenchment ratio indicates that the stream is more connected to its floodplain. Figure 32 
below shows all three of these steps.

Figure 30: This image demonstrates how to locate and measure floodprone width, as described in Step 1 above. Photo © Nancy 
Johnson
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Figure 31: This image demonstrates how to locate and measure bankfull width, as described in Step 2 above. Photo © Nancy 
Johnson

Figure 32: Measure entrenchment ratio by following the three steps outlined above. Photos © Dave Stagliano, Montana Biological 
Survey.
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Using these assessments, you can then choose which of the following options best describes the entrenchment of your 
stream.

 � < 1.4 (highly entrenched)
 � 1.4–2.2 (moderately entrenched)
 � > 2.2 (not or only slightly entrenched)

Understanding How Stream Channels Change Over Time
Streams are naturally dynamic, alternating between dry periods and times of flood. Channel evolution is the natural 
process by which the landscape responds to these changing volumes of water flowing across it, trying to reach 
equilibrium between sediment load and erosion. The extent and rates of erosion and sedimentary processes vary 
greatly by region and stream type. Typically, streams that experience increased flow, direct channelization, or human 
alterations undergo accelerated change or evolution. Channel change often occurs in predictable patterns, as outlined 
by the channel evolution model shown in Figure 33. While channel erosion is a natural process, it can cause problems 
for ranchers and managers in western South Dakota by making pastures inaccessible due to high or unstable banks. It 
may also lower the water table in meadows, making them less productive, and threaten farm buildings and/or pastures 
located next to streams.

Positive change can also occur in channel evolution, however, through management interventions to reverse incision 
and help heal, restore, and rebuild stream beds toward connected states, as shown in Figure 33. Positive management 
interventions are discussed in the latter sections of this guide.
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Figure 33: A stream may evolve through various processes. A healthy “stage zero” stream is highly connected with multiple or 
braided channels, if a channel is present at all. Streams in this stage may even be sheet flows of water over prairie meadows with 
no defined channel. Once a channel forms, the stream enters a cycle of evolution. If it further degrades, it will begin to incise or 
downcut. Over time, and with enough force, it will widen out and redeposit sediment into a new inset floodplain. Without management 
intervention, a stream can get stuck in a recurring bottom cycle: incising, widening, depositing, re-channelizing, and repeating. With 
positive management intervention, however, the stream can exit the incision stage and rebuild itself toward a connected stage; or it 
can go through the full evolution process and then begin rebuilding and reconnecting. Graphic © Corissa Busse, TNC
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The Channel Evolution Cycle
Streams in a state of equilibrium tend to remain relatively stable with high levels of connection (or anastomosis). Heavy 
flows from rainfall easily spill out into the floodplain to reduce the stream’s energy (or sheet flow over a meadow with no 
stream channel at all, for streams in “stage zero”).

Figure 34: This stream bed has no defined channel and the stream is in a highly connected phase sometimes referred to as “stage 
zero.” Photo © Joe Dickie, Generation Photography, Inc.

Many western South Dakota prairie streams are no longer in a highly connected “stage zero” phase. Instead, they have 
lost some amount of connectivity by consolidating waters into a defined channel. This single-channel stage can continue 
to have strong floodplain connection, however, and can be a relatively healthy status that supports strong riparian areas.
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Figure 35: While this stream still has strong floodplain connectivity, it has gone through a phase of single-channel formation. All 
water flow now concentrates into this smaller channelized area, resulting in a narrower riparian zone. Photo © D. Stagliano, Montana 
Biological Survey

Once a stream experiences a knickpoint or headcut in the stream bed, however, the first effect of this altered flow is 
often cutting downward into the stream bed or incising, as depicted in the Incision phase of Figure 33. See Figure 14 
for an image of a significant headcut and the resulting channel incision.

Also referred to as downcutting, channel incision reduces the connectivity of the channel to its floodplain (Schumm 
1977; Schumm et al. 1984; Simon and Hupp 1986; Schumm 1999; Simon and Darby 1999). Channel incision can 
affect stream function, riparian plant community composition, and the wildlife that use those corridors. It also makes 
water less accessible to livestock and makes stream crossing more challenging, if not impossible, depending on the 
depth of incision. Incision typically makes the riparian area drier, as it lowers the water table in the land adjacent to the 
channel. This results in a loss of the lush green productive areas along streams that are valuable for grazing forage. 
Trees that had been present in these areas often die off due to the lower water table that is no longer accessible to their 
root systems.
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Figure 36: This stream is going through a phase of incision or downcutting and separation from its historic floodplain. Photo © 
Kristen Blann, TNC

Certain levels of channel incision are possible to heal using low-cost, low-tech solutions or alternative grazing 
management, as described in section 10 of this guide. This is also reflected by the green dotted arrows reversing the 
direction of the cycle in Figure 33. However, once incision reaches a certain level of intensity, it is typically followed by 
a phase of channel widening and depositing as the banks fall into the stream. This is a natural phase that streams go 
through after reaching a certain level of incision to heal and find a new equilibrium. You may have heard the phrase 
“It’s going to get worse before it gets better.” This phrase seems to reflect the look or feel of bank failure as a stream 
progresses into the widening stage.
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Figure 37: This stream has entered a phase of widening and depositing. The steep banks are collapsing into the stream and 
depositing sediment to restore diversity to the inset channel. Photo © Kristen Blann, TNC
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This bank failure is critical to create a new floodplain to which the stream can reconnect and helps dissipate and spread 
out flows in high-energy events, preventing further incision. 

Once the widening stage has caused bank failure, the stream begins a phase of depositing eroded material into 
features that “aggrade” or rebuild stream diversity. Eventually, this results in a new inset floodplain forming. The stream 
uses this lower, inset floodplain going forward while working to rebuild connectivity.

Figure 38: This stream has formed a new inset floodplain. The historic floodplain now stands high above the current channel as a 
terrace. Photo © Corissa Busse, TNC

No stage in the model is completely stable or static, however. If negative disturbance forms new headcuts, the inset 
floodplain of a stream can once again degrade. The stream will repeat the cycle of rechannelizing, incision, widening, 
and depositing—this time at an even lower level separated farther from both the historic and new inset floodplains. If 
this cycle continues to occur, the water table will be severely depleted from the area and a deep gully may form over 
time. However, with positive management interventions, a stream can potentially enter a phase of rebuilding in which 
the stream channel will close back in. This rebuilding can occur both laterally (the stream bed will build back and trap 
sediment from the bottom up), and horizontally (lush vegetation on the sides of the stream can create biomass that 
rebuilds soil from the sides). This phase of rebuilding may even achieve a new connected state with time.

As the stream progresses through the stages in the stream (channel) evolution model, the riparian and aquatic 
vegetation communities change as well. Many of the aquatic and emergent plant communities are reduced during 
the active degradation (incision) and widening phases due to drying of the floodplain. Decreasing water table depth 
is linked with dryer (xeric) plant communities, while higher water tables are linked with wet meadow or hydrophytic 
vegetation (Loheide and Gorelick 2007). The water table depth has important consequences for management. Typically, 
wet meadow vegetation is more productive and provides better forage for grazing animals (Smika et al. 1965; Silverman 
et al. 2018). In contrast, streams that are deeply entrenched may be challenging and costly to recover, negatively 
impacting a manager’s ability to use the stream as a water and forage source for livestock.

It can take hundreds to thousands of years for a stream to go through the full evolution process. In the management 
section, we will talk about possibilities and ways to “expedite” this process toward healing.
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