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Section 10: Guide to Management Actions and 
Interventions

This section will explore several management practices that can help protect and restore riparian area resources and 
ecological health. This is not an exhaustive discussion of the options available but a starting point for riparian restoration 
planning and management.

A primary goal of restoration management is to proactively identify practices that are appropriate for each stream type to 
maintain, restore, or enhance its ecological services and values. Equally important is identifying practices that add value 
to landscapes for ranchers and landowners and that can restore streams and riparian areas toward their full potential.

Some challenges may be beyond the scope of the site-level management practices that a landowner or manager can 
implement. Addressing major channel erosion and instability, for example, may require advanced technical expertise. In 
addition, a coordinated effort at the watershed scale between land managers and technical experts may be necessary 
to address upstream or downstream causes of problems. For that reason, where possible, we indicate issues that may 
be beyond the scope of this guide and suggest where to obtain additional technical assistance.

A coordinated effort among government agencies, nonprofits, and landowners is invaluable to make watershed-scale 
improvements in soil health, water quality, and overall riparian condition. There are many actions, however, that individual 
landowners can take to improve riparian condition, accelerate recovery, and facilitate desired states and trajectories 
on their land. Full recovery of a stream system requires patience and continued active management over the course of 
years. The following section outlines opportunities and challenges to stream restoration and management on private 
lands.

Riparian Vegetation Restoration and Management
Riparian vegetation is critical in maintaining channel stability during high flows to allow a stream to maintain its proper 
shape, pattern, sinuosity, and gradient. Vegetation is vital in all stream types and can play a beneficial role in slowing 
flows and protecting against erosion. In addition to performing direct riparian area management, it is important to 
consider the condition and management of the associated uplands that directly affect conditions in the riparian area. 
Changes in the management of the uplands should not increase runoff or sediment delivery in a way that is detrimental 
to the riparian zone. The following section outlines several questions to ask when discussing vegetation management.

Managing Areas of Streambank Erosion Due to Poor Vegetative Cover
One of the key historic reasons to protect grasslands in the NGP was to address the high rates of soil loss that 
worsened in the Dust Bowl era of the 1930s and the following decades (Worster 2004). While many areas that 
were severely damaged by early attempts at crop production were revegetated through the National Grasslands and 
Conservation Reserve Program, many sensitive areas with fragile soils remain in a degraded state. Riparian areas that 
have less than 30–40% vegetation cover have significantly higher rates of soil loss, as soil erosion increases when it is 
less protected by plant cover. In these cases, grazing duration and timing can be adjusted to improve plant cover and 
reduce soil erosion.

Grazing management can be used to create conditions that enable riparian plant communities to recover from 
disturbance or maintain a healthy state. Sustainable riparian grazing is about managing the timing, duration, frequency, 
and intensity of use and allowing for recovery. This is described further in the grazing management portion of this 
section.

The percentage of bare soil is only one important factor to consider, however, when managing riparian vegetation. 
Managing for riparian plant community diversity is also important because a diverse community of plants is better 
able to maintain and enhance the stability of streams. Specifically, riparian species, especially plants with deep fibrous 
root systems, are six to ten times more effective at providing bank stability and resisting the force of water than are 
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plant species adapted to drier environments (Micheli and Kirchner 2002). The roots of these plants have four basic 
characteristics that affect bank stability: root biomass, total root length, resistance to compressive force (hoof action), 
and linear or stretching strength.

Vegetation management can be used to address channel stability issues, especially on smaller streambanks. Once root 
depths decline to less than half of the bank height, the risk of bank collapse increases greatly. Vegetation has little effect 
on channel erosion once bank height exceeds six to eight feet because average plant root depths are only half a foot to 
three feet. Gravity-driven collapse of banks increases with high, poorly vegetated banks.

Ongoing and recurring monitoring and adaptive management are crucial to noting whether a stream is trending toward 
riparian diversity. We encourage users of this guide to note what riparian plants are seen at a stream site year after year. 
If diversity is increasing, continue management actions that have encouraged the diversity. If it seems to be decreasing, 
consider why this may be occurring and what management changes may have caused this to occur. Please consult the 
adaptive management section below on this topic as well.

Addressing Invasive or Undesirable Species Challenges
Non-native species that dominate a site may inhibit colonization by more desirable native species, including cottonwood 
and willow, along streams. Coverage by species such as Canada thistle, smooth brome grass, Kentucky bluegrass, or 
cheatgrass can be detrimental to biodiversity and forage quality for grazing animals.

Some control of invasive species can be achieved through targeted grazing or the use of different classes of livestock, 
while other situations may warrant a more intensive management approach. Treatment of invasive species with 
herbicides can be expensive and often requires multiple years of treatment to be successful. Treatment also needs to be 
selective enough to minimize harm to desirable native species. Control in riparian areas can be particularly challenging 
if upstream areas are not being treated. It is important to consult with local experts to develop an invasive species 
management plan. Managing for species diversity and controlling invasive species often go hand in hand because a 
more diverse plant community will be less susceptible to invasion by non-native species.

Managing to Promote Trees and Shrubs Along the Creek
Establishment or protection of woody plants in riparian areas is a frequent goal (or an open question) for many 
landowners and land managers in the region. The balance between stream health and access to shade and water for 
grazing animals is one of the key management issues for land managers in the western Dakotas. Trees and shrubs also 
provide streambank stability and critical habitat for fish and wildlife. However, cattle and sheep usage can decrease the 
abundance of woody riparian plants.

Not all grassland sites are appropriate for or have the potential to support riparian forests or woodlands. Historical 
evidence suggests that fire, grazing, and water availability strongly influenced and limited the extent of woody vegetation 
along riparian areas in the Great Plains. Riparian gallery forests of mature willow and cottonwood were common in the 
past along the larger rivers and floodplains, and still are today. They may have featured denser and more extensive tree 
cover than they do today, as these forests were heavily harvested and utilized for wood in the early days of European 
settlement (Hart and Hart 1997; Rumble et al. 1998; West and Ruark 2004).

The presence of mature trees without saplings is a strong indicator that seedling recruitment is not occurring and that 
natural processes are impaired. If trees are absent and if the site conditions justify planting, they may be re-established 
through a combination of grazing management, restoration of floodplain connectivity, and targeted planting of tree 
and shrub seedlings. Planting trees without first re-establishing hydrology to an area, however, is unlikely to succeed. 
For instance, trees along streams that have begun to downcut or incise are likely to die because they lack access to 
the water table. Replanting trees in this degraded system will not address the root cause of the issue: the hydrologic 
connectivity that the trees need to be supported. Further, once hydrology is restored, trees may naturally re-occur, even 
if they are not planted. We recommend, therefore, that efforts to restore woody cover focus on first restoring the stream 
system and riparian health.

Tree species typically do not occur in drainage areas less than 10 square miles unless there are springs or seeps 
feeding the system. Re-establishment of riparian woody plants in streams with a drainage area larger than 10 square 
miles can be accomplished through natural revegetation, as many of the seeds of key species (willow, cottonwood, 
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boxelder) are dispersed by wind and wildlife. Seed sources may also be dormant in the seed bank on site, waiting for 
appropriate conditions to return; this experience is described in the ranching profile story of Al and Simone Wind earlier 
in this guide.

The recovery of woody species can depend a lot on initial conditions and the “first come, first served” effect. For 
example, if sedges and rushes are first to revegetate a recovering area, they can inhibit or delay woody species 
recruitment on sites that are fully capable of supporting woody vegetation. Meanwhile, if riparian woody and shrub 
species are among the first species to establish, there will be less competition to inhibit them from increasing in the 
riparian area (Winward 2000).

In some cases, seeding an area with a native seed mix may be beneficial, as the new seedlings will help cover bare 
soil and create favorable conditions for other seedlings. It can increase diversity and introduce species that would not 
naturally disperse to the site. Planting tree seedlings, however, can be expensive and they often do not succeed unless 
the hydrology issues have been addressed, as noted above. If streams are actively downcutting or have lost connection 
with the floodplain, the local water table will be too low for seedling roots to access.

Dense woody buffers may not be desirable in all situations. Managers should set suitable goals and follow an adaptive 
management process to achieve their desired balance of woody cover and forage production (see discussion on 
restoration planning and continuous adaptive management in section 11). Highly incised channels may take years to 
recover and require more intensive solutions, which is why it is important to have realistic expectations for woody plant 
recovery.

Figure 92: In the 1700s and 1800s, beaver and then trees were largely removed from western South Dakota prairies. As a result, 
many streams look dramatically different than they did historically, leaving many to wonder whether these systems can again support 
trees. This photo shows the Mortenson ranch, where trees only began to recruit and recover after the last homesteader moved on 
during the Dust Bowl era. Since the Mortensons implemented stream and grazing restoration practices, willow, ash, and cottonwood 
trees have made a dramatic comeback and now fill the draws. The trees provide valuable winter cover for their herd. Photo © Joe 
Dickie, Generation Photography, Inc.
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Grazing Management
Many riparian objectives can be accomplished through grazing management alone. Riparian areas naturally attract 
livestock on the landscape, and even a few cows with prolonged access can have an impact. Often it is not possible to 
reach desired plant community goals by managing stocking rates alone, as it does not affect livestock usage of these 
areas. Riparian areas are sensitive and need to be managed with special attention; they are also incredibly resilient, 
adapted to periodic disturbance, and can respond more quickly to management changes than upland areas.

As mentioned in earlier sections, grazing management is about timing, duration, frequency, and intensity of use and 
recovery time. There is no one formula for grazing that will help riparian areas recover. These areas are complex and 
dynamic and require an adaptive management approach. All perennial plants can recover from grazing; some species 
are even more vigorous with moderate grazing. But when plants are excessively grazed, they are unable to replenish 
root reserves or grow new roots, which will negatively impact stream stability and erosion. Grazing management in 
riparian areas is a balance and is most effective when we understand site dynamics and have tools to address intensity 
of use. The following sections discuss common topics that influence livestock utilization of the landscape and can be 
tools for restoration.

Fencing, Off-site Water, and Mineral Use
The use of fencing and other temporary exclusion methods can encourage desirable plant species to recruit and re-
establish and provides improved flexibility to a grazing rotation. Developing riparian pastures allows for very specific 
control of grazing pressure and has been effective at improving riparian function (Wyman et al. 2006). However, fencing 
and exclusion, even temporarily, is not always an available option and can encourage invasive grasses like Kentucky 
bluegrass and smooth brome. Totally excluding livestock is as detrimental to riparian communities as overutilization and 
should be avoided. Fencing is also very expensive to build and maintain and can restrict wildlife usage and movement.

Wildlife-friendly fencing near riparian areas is beneficial and can aid wildlife movements while reducing damage to 
fences in areas that are regularly used by deer, antelope, or elk. Practices that reduce the time livestock spend in 
bottoms and help draw them away from loafing near a stream can be a helpful alternative to fencing riparian areas. 
These practices include developing off-site water sources (including deep wells and pipeline development, or pumping 
surface water to an upland location), moving salt and mineral supplements off streams, and feeding livestock away from 
riparian areas. Additional livestock management practices such as regular herding of animals and selective culling of 
bottom-loafing cows have been used with some success in other western states, particularly on public land allotments 
and in steep rugged terrain where fencing is less feasible. These techniques are not common in western South Dakota. 
More information on these practices can be found in Practical Grazing Management to Maintain or Restore Riparian 
Functions and Values on Rangelands by Swanson et al. (2015).

Figure 93: Cattle prefer to graze along cooler, more vegetated areas like this streambank. Management can include fencing or 
rotational grazing to reduce the amount of time cattle linger in these areas. Photo © Julie Brazell, TNC
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Season of Use
Managing season of grazing use and recovery can affect plant community composition and forage quality by controlling 
the timing of grazing to promote the expansion of desired native grasses. This can also promote streambank stability 
and reduce channel erosion. Season of use changes how livestock use upland and riparian areas and what plants they 
prefer. Many studies have found that cattle graze farther from the stream in the early growing season, when uplands 
are green, and concentrate along streams late in the summer (DelCurto et al. 2005). Season of use can also be used 
to set back undesirable species, such as Japanese brome or cheatgrass, that have little grazing value and support few 
ecological services. One example of a grazing management system that can be effective in changing plant communities 
is an intensive management system that creates high grazing disturbance over a short period of time. It can promote 
the growth of warm-season grasses, such as big bluestem and Indian grass, that are high in crude protein later in the 
growing season when cool-season grasses have entered dormancy. Every ranch operation is different, and intensive 
grazing is not a good fit for many situations and management operations. The goal in changing the season of use is 
ultimately about creating more diversity over time, which can be achieved with a variety of grazing systems.

Altering the timing of grazing from year to year provides recovery for different plant species at various plant growth 
stages and can maintain or improve riparian conditions. This is because plant needs for growth, seed production, 
vigor, carbohydrate storage, or root maintenance and development vary throughout the year and differ among species. 
There will always be benefits and drawbacks to consider when making a riparian grazing management plan. For 
example, keeping cattle off saturated banks helps prevent soil compaction, but disturbance can also help encourage 
more diversity. An effective riparian grazing strategy should be tailored to site conditions, objectives, and livestock 
management considerations and should focus on realistic desirable outcomes.

Livestock grazing that promotes and is compatible with healthy riparian vegetation contributes to sustainable levels of 
aboveground biomass, root growth, and root strength in streambanks. Overbank flows cause riparian vegetation to be 
naturally defoliated or buried by sediment deposition, which helps build soil structure and organic matter. The addition 
of properly timed grazing can help promote new green growth and root development. If the root strength of riparian 
vegetation and the surface roughness are sufficient, sediments will be deposited, rather than eroded away. One of 
the most common issues with grazing management is distribution, which is particularly true for riparian areas, where 
livestock tend to concentrate. Using riparian areas for winter grazing can reduce damage to streambanks, and plants 
are typically less stressed by dormant season grazing. In winter months, it may also be easier to draw livestock away 
from riparian areas by offering supplemental feeding away from the stream. Regardless of grazing season, manage for 
an adequate recovery/rest period and customize the grazing to site-specific needs.

Species and Classes of Livestock
The use of different species and classes of livestock can also influence riparian area health. Cow–calf pairs tend to 
concentrate, loaf, and forage in valleys, and they may impact riparian areas more than yearling cattle, which tend to 
range more widely and use more upland areas (Wyman et al. 2006). Sheep have different forage preferences and 
behaviors from cattle. Sheep can clip grass closer to the ground than do cattle, which typically graze using their 
tongues and graze farther above the soil surface. Because different animal species and classes have different plant 
and terrain preferences, integrating multiple grazing species may improve utilization and plant species composition 
(Launchbaugh and Walker 2006), but it is important to remember that with prolonged time on the land, any herbivore 
can graze close and damage vegetation. As with season of use, diversity in class of livestock can contribute to diversity 
in the plant community.

Bison ranching has grown in the Dakotas in recent years (O’Brien 2002). Bison impact plant community structure 
differently from cattle because they graze in different landscape positions, often have a lower impact on the riparian 
zone, and tend to graze more evenly across both upland and riparian areas (Miller 2003; Helzer 2009). The economics, 
overall feasibility, and long-term potential of bison ranching, particularly in the context of grassland maintenance and 
recovery, are beyond the scope of this guide, but more information is available from the National Bison Association 
(https://bisoncentral.com/raising-bison/).

Using Livestock to Repair Streambanks
When streams have entered a degraded phase of incision and downcutting, streambanks may become steep and 
separated from the uplands. This creates a challenge for both wildlife and livestock, as well as a lowering of the water 

https://bisoncentral.com/raising-bison/
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table. To move out of an incision phase, the stream must widen and erode its banks until they eventually fall into the 
channel and help create a new inset floodplain (as described earlier in this guide).

There is a risk associated with fully excluding livestock and utilization during this phase. Exclusion of livestock can 
cause a stream to heavily revegetate along these incised banks, preventing the necessary erosion process that is 
needed to advance the stream out of its incised state. This is referred to as arrested degradation. The stream becomes 
stalled in its evolution process.

In some instances, it may make sense to use livestock to accelerate the channel evolution process through hoof 
action. As livestock and wildlife work to access the water, they put pressure on bank walls, causing weak areas to fall 
into the channel. This helps to lay back the steep banks of the incision phase and push the stream into widening and 
depositing. Extreme caution should be used, however, to ensure livestock safety in these situations and to manage for 
adequate plant recovery.

Comparing Grazing Management Options
The following table describes how a variety of grazing management practices may impact riparian and stream areas.

Table 3: Comparison of Grazing Management Tools (adapted from Swanson et al. 2015)

Grazing Management Impacts
Hot season use Livestock attracted to riparian area forage

Cool/early season use Palatable upland vegetation and warmer temperatures attract livestock to upland areas; caution 
should be taken to ensure that adequate vegetation is left to dissipate spring flows

Season-long use/access Plants experience repeated defoliation and decreases in plant vigor; this can be done selectively with 
adequate rest/recovery

Late/fall season use Little time to regrow before dormancy; often not compatible where woody recruitment is goal; cooler 
temperatures will lead to less loafing time along stream

Consistent season of use Use during same phenological stage decreases species diversity, leads to increase in less palatable 
species over time

Large pastures Difficult to manage for riparian objectives

Occasional growing 
season use

Can be implemented with opportunity for plants to regrow before next defoliation and disturbance can 
improve diversity 

Off-site water 
development

Improved pasture distribution, attracts livestock away from riparian bottoms

Moderate to light 
intensity utilization

Plants maintain leaf area and carbohydrate reserves needed for regrowth

Cleaned pastures/not 
leaving stragglers

Ensure recovery period and minimize continued riparian usage by animals

Exclusion of livestock Can encourage invasion by non-native cool-season grasses, selectively applicable to support 
recovery

Evaluating Which Management Tools to Use to Address Stream Entrenchment
Two of the main problems discussed earlier in this section are channel incision and overwidening. If there are channel 
stability problems, is the area in a region that has naturally unstable channels, such as badlands, or in another area with 
poorly vegetated, erosion-prone soil? In addition, is the channel entrenched and/or at high risk of collapse?

The height of streambanks and the degree of downcutting in part determine what types of channel interventions are 
needed. Generally, if streambank heights exceed about 7 to 10 feet, vegetation alone cannot solve the problem. More 
intensive in-stream restoration may be required, but the cost and risk increase with increasing streambank height and 
flows. The following table helps describe how the level of entrenchment might respond to different management options.
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Table 4: Sensitivity to Change and Response to Management of Streams Relative to Entrenchment (adapted from 
Rosgen and Silvey 1996)

Entrenchment level
Sensitivity to 

disturbance/flow 
change

Recovery potential
Controlling 
influence of 
vegetation

Suitability for 
stream restoration 

actions
Little or no entrenchment High to very high Very good Very high High

Moderate entrenchment Moderate Good Moderate Possible

Highly entrenched High Limited Moderate or low Limited

Direct Channel Interventions
Some channels require direct intervention to facilitate restoration and recovery or to protect valuable infrastructure. 
Stream restoration that involves installing large structures or earthmoving is typically expensive (Zedler and Callaway 
1999; Bernhardt et al. 2005; Bernhardt and Palmer 2011), which limits its feasibility, and it is often designed for 
channel stability rather than for overall riparian system health. Where major channel instability threatens roads, bridges, 
culverts, or other infrastructure, stream restoration typically requires significant investments in design and engineering 
to address erosion, downcutting, and failing streambanks. Intensive stream channel alterations may be appropriate in 
certain situations but are typically beyond the scope and capacity of local landowners and land managers, and they are 
not covered in this guide. Instead, the following topics outline practical restoration techniques and tools that are feasible, 
effective, and self-sustaining. These do not constitute an exhaustive discussion of the options available, but instead 
serve as a starting point for riparian restoration planning and management.

Low-tech Process-based Restoration: “Let the Water Do the Work”
Landowners and resource managers have viable and affordable options for in-stream restoration practices. Strategies 
that use the stream’s natural dynamic processes to accelerate recovery and address some of the root causes of 
degradation can be effective and low in cost. “Low-tech” process-based restoration is broadly applicable and consists 
of simple, cost-effective, often hand-built treatments that help repair degraded streams. Structures built with natural 
and local material like rock, wood, and even sod facilitate changes in flow. They help create a more physically diverse 
stream—and the more diverse a channel is, the more resilient it is to disturbance. Examples of these restoration 
approaches include low-profile rock or wood structures known as “Zeedyk” structures (after their originator Bill Zeedyk), 
as well as a suite of structures designed to mimic the complexity that would be found in healthy systems, such as 
beaver dam analogues (BDAs, covered in the next section) and woody debris structures. For more information about 
their specific application and design, see Let the Water Do the Work (Zeedyk and Clothier 2014) and Low-Tech Process-
Based Restoration of Riverscapes Design Manual (Wheaton et al. 2019).

These approaches are intended to jump-start natural processes, not create permanent structural features. They help 
facilitate stream movement through the natural channel evolution process. They can be used in a variety of situations, 
including treating gully erosion, headcuts, and channel incision. The goal of many of these structures in this landscape 
is to slow the water, reducing its erosive power and allowing it to deposit sediment. Over time, this process will naturally 
build streams up and help them access disconnected floodplains and/or establish new ones. The structures are 
designed to be low profile and semi-permeable and to mimic natural processes.

Generally, stream restoration activities are most successful and cost-effective when the scale of restoration is matched 
to the scale of the degradation. Smaller streams will respond to site-specific intervention, while larger drainages will 
need many intervention sites. Smaller streams or stream reaches that are somewhat stable and not actively downcutting 
may be a higher priority for restoration, as they will likely respond quickly and with less direct input. Streams that are 
threatened by rapid incision or have only downcut a shallow depth may also be priority sites because they can be 
effectively protected from further incision using process-based restoration techniques. If the adjacent water table is not 
too far down, it may be raised back up and reconnected with its floodplain. The presence of water-loving plants like 
prairie cordgrass away from the streambank is an indicator that there may still be some water table connectivity or that 
the channel has only recently downcut. The presence of this type of vegetation, even in small amounts, will also help the 
channel recover more quickly. The restoration potential for truly ephemeral streams that lack groundwater connections 
will be different, and actions need to be tailored to the local setting.

Stream restoration is also more likely to succeed if streams have already downcut, stabilized, and established a new 
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inset floodplain. Streams that have already undergone an incision event and are widening or restabilizing may respond 
quickly to vegetation management activities or practices that promote the development of the floodplain within the 
deeper channel. Streams that are actively incising or widening may be more challenging to recover. The best approach 
may be to accelerate the channel-forming process and help the stream widen, then stabilize. This can be achieved using 
wood or rock structures that encourage bank erosion and ultimately add more complexity into the channel.

Beaver Dam Analogues and Related Structures
Where beaver populations are unable to recolonize naturally, or where conditions do not yet support habitat for beavers, 
restoration practitioners are increasingly achieving success by using structures that are designed to mimic the role of 
beavers in riparian and wet meadow habitat. As mentioned in the earlier section on process-based restoration, beaver 
dam analogues (BDAs) can be used to mimic some of the physical and ecological benefits created by natural beaver 
dams, such as slowing and capturing runoff, thereby allowing it to infiltrate into the soil. This process helps raise the 
local water table in the riparian area and facilitates conditions for sustained recolonization. BDAs, rock structures, and 
woody debris structures can be used together at a site to help achieve multiple objectives. When implementing process-
based restoration practices, there is strength in numbers. Beavers often build their dams in complexes, and when 
building analogue structures, it’s helpful to follow a similar pattern; one or two BDAs may not produce the desired effect, 
but a complex of them can have compounding beneficial effects. It’s important to remember that any type of restoration 
is a process and structures will require monitoring and maintenance over time to ensure that they are producing the 
desired results. At this time, research is being conducted to better understand the application of and best practices for 
process-based restoration in western South Dakota streams.
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Examples of Zeedyk Structures

Figure 94: Zeedyk structures are used to prevent advancing headcuts and incision. These photos show a larger headcut that was 
“laid back” and covered with a Zeedyk rock structure. The rocks work to trap sediment from upstream. Root growth and vegetation 
will establish within crevices, allowing the site to heal. Photos © Joe Dickie, Generation Photography, Inc.
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Figure 95: These photos show a rock Zeedyk structure used to prevent a headcut from advancing upstream. As shown in the lower 
photo, grass has already begun to grow through and revegetate the site, allowing the headcut to heal and preventing further erosion. 
Photos © Joe Dickie, Generation Photography, Inc.
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Examples of Beaver Dam Analogues

Figure 96: Beaver dam analogues seek to mimic beaver activity to slow and hold water while also trapping sediment and rebuilding 
a stream bed from incision. These images show the same BDA from upstream or above the structure (top) and from downstream or 
below the structure (bottom). The BDA works to slow and hold water, trap sediment, and rebuild the stream bed. The lower photo 
demonstrates that nearly 18” of sediment and water above the dam were accumulated in just one season of use. Photos © Joe 
Dickie, Generation Photography, Inc.
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Figure 97: These images show a side and top profile view of a beaver dam analogue. BDAs use local materials, including sod, 
grasses, or woody vegetation woven between and secured in place by untreated wood posts. Photos © Joe Dickie, Generation 
Photography, Inc.
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The Potential for Beaver Restoration
Beavers once played an essential role as stream and wetland “landscape engineers” by slowing down stream flows 
and connecting the water table to the land surface, until they were nearly wiped out from the North American landscape 
during the fur trade. Beavers are increasingly being recognized and utilized as a potential low-cost restoration tool in 
many parts of the country, particularly in the intermountain West (UBMP 2010; Brown et al. 2011). For example, beaver 
dams have been demonstrated to influence local water table elevations (Westbrook et al. 2006), accelerate channel 
incision recovery (Pollock et al. 2007, 2012, 2014), decrease peak runoff and increase baseflows (Nyssen et al. 
2011), promote sediment retention (Butler and Malanson 1995; Butler and Malanson 2005), increase species richness 
of the riparian zone (Westbrook et al. 2011) and at the landscape scale (Wright et al. 2002), and affect in-stream 
temperatures, influencing hydraulic conditions and surface water–groundwater interactions (Weber et al. 2017). These 
impacts often directly contribute to stream restoration goals. Perhaps the greatest advantage of employing beavers in 
restoration is that once installed, they provide low- or no-cost benefits for years or decades to come.

Beaver reintroduction to accelerate stream channel restoration and enhance landscape water capture and local 
recharge is an attractive opportunity in western South Dakota. However, at the time of writing, intentional restoration of 
beavers has not been widely practiced. Where beavers are present, having naturally found their way back into streams 
or ponds, they are often perceived to be a nuisance rather than being viewed as potentially beneficial, and they are 
often actively trapped or otherwise removed—though this paradigm is beginning to shift as the challenges of drought 
outweigh people’s issues with beavers.

Often, individuals wish to remove beaver to protect the few remaining mature trees in a stream landscape. However, 
without beaver activity to help restore and ensure that a stream connects to its floodplain, removing beaver may be 
counterproductive to ensuring the long-term success of these trees. Without beaver to slow and hold water on the 
landscape, many of these mature trees are likely to fail in the years and decades ahead, should groundwater levels 
drop due to stream incision. Many of these tree species (cottonwood, willow, etc.) have also adapted to beaver activity 
and may even require it to succeed. For instance, these species will re-sprout from downed trees and cut branches 
that are placed in wet areas (as a beaver would do), producing significantly more woody vegetation and new re-growth 
to replace the individual tree(s) that were removed. In addition, it is possible to mitigate beaver cutting or removing 
valuable old-growth trees by fencing, caging, or painting these trees to prevent beaver from using them.

Reintroduction may not be immediately feasible if the landscape lacks suitable habitat to attract and sustain beaver 
(mainly enough streamflow, deep water habitat, and suitable woody species). It is not advisable to reintroduce beaver in 
locations that lack suitable habitat or where their presence will not be culturally accepted. BDAs (as described earlier) 
can be used to jump-start and prepare habitat for beaver to re-colonize an area.

Understanding the technical, social, and ecological feasibility of beaver reintroduction will require additional research 
and monitoring. We need to learn where in the NGP beavers represent an effective and appropriate component of 
riparian, stream, and ecosystem restoration and management, and where they may succeed at recolonizing and 
maintaining self-sustaining populations.

As noted, beavers are often regarded as a nuisance in many areas. People may have concerns about beaver tunneling 
in stock dam walls, plugging culverts, and raising water levels near structures such as homes and roads. Beavers are a 
very habitual species and will return repeatedly to areas that are suitable; trapping beavers is only a temporary solution 
to the undesirable effects of beaver presence. It is possible, however, to live with beaver and mitigate many of these 
concerns in most areas. There are non-lethal options and techniques for mitigating beaver challenges, including flow 
devices that control dam levels, such as “beaver deceivers” and fencing out priority trees. More information is available 
from https://www.beaversww.org/living-with-beavers/, The Beaver Institute https://www.beaverinstitute.org/, and The 
Beaver Restoration Guidebook by Pollock et al.

https://www.beaversww.org/living-with-beavers/
https://www.beaverinstitute.org/
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Photos of Beaver Activity in Northwest South Dakota
       

Figure 98: These beaver dams in northwest South Dakota are composed of sage, prairie cordgrass, and sod. Photos © Doug Shaw, 
Corissa Busse, TNC
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Figure 99: This image shows how beavers can use primarily sod and prairie cordgrass to slow and hold water on the landscape. 
Trees and woody material are not requisites for beaver activity in western South Dakota, where beaver will also tunnel into the walls of 
streambanks to make their dens. Photo © Corissa Busse, TNC
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Managing Streams at Watershed Scales
Many of the common riparian management challenges introduced in Section 9, from active channel incision to too much 
or too little streamflow, are caused or exacerbated by overall watershed conditions. In addition to following local and 
instream riparian restoration practices, landowners or managers may need to also target upland landscapes—both at the 
individual ranch level and at a watershed scale.

Stream health is directly influenced by the condition of surrounding uplands. Adequate ground cover of both living plants 
and litter and a diverse plant community composed of deep-rooted perennial plants are critical for watershed health. 
Often, stream system health and upland health have mutually beneficial goals and practices. For instance, improving 
grass cover in the uplands will help reduce runoff, slow the flow of waters, and prevent erosion and channel instability 
within the stream.

As noted earlier in the guide, the health and condition of all lands upstream in your watershed will affect the health and 
ability of your stream location—and similarly, the health of a stream and surrounding uplands at your location will affect 
all areas downstream and lower in the watershed. Every stream is affected not just by local ranch-level efforts, but by the 
broader landscape and watershed.

Management options depend on the scale and scope of the problem as well as the landowner’s goals and resources. 
For example, in the case of active channel incision and headcutting in smaller systems, adaptive grazing management 
practices and low-cost, low-tech structures in riparian areas can help. However, in the case of excessive flooding, 
erosion, and severe incision, management will be most effective when it involves watershed-scale actions—and 
coordination with surrounding land managers and agencies. If peak flows have increased or the channel is still 
recovering from past disturbance, high-flow events will continue to result in significant erosion and deposition, upstream 
or downstream migration of the headcuts, and repeated bank failures, until the stream has re-established equilibrium 
with the new flow regime. In these cases, more active intervention may be needed. In very high-risk situations where 
infrastructure may be threatened by major channel erosion and instability, technical and engineering specialists must 
provide significant support to implement solutions, particularly in large stream systems where effective watershed 
management is not practical or feasible.

Collective efforts among many landowners in a watershed to restore stream health will have the most lasting, beneficial 
results. Local and state agencies, government, and nonprofit partners may be able to aid in building these collaborative 
projects, including possible funding opportunities for projects that benefit multiple operators. Watershed-scale projects 
can be time intensive, and it may take years to see the hydrologic benefits from them, but they often result in collective 
improvements in range condition and stream health that will far outweigh and outlast the improvements that occur at 
only a single site. Indeed, watershed-scale actions may be the only option to fully address the root cause of stream 
health problems.
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Markus Erk, rancher
Butte County, SD

Partnerships Help Rancher Improve Water and 
Save Soil

Rotational grazing and 
investments in riparian 

stream health aim to build 
ranch resilience.

“
”

In northern Butte County of South Dakota’s semi-arid 
West River rangeland, Markus Erk continues to live by 
the 60-year conservation ethic of his father, George Erk. 
Their ranches, homesteaded by Markus’s grandfather in 
1912, offer a beautiful vista of Castle Rock.

His father helped grow their Hereford cattle and 
Rambouillet sheep herds by planting trees to offer 
livestock shelter and building dams with spreader dikes 
to channel water across the rangeland.

Fast forward to the current decade, Markus continues 
the investment in the land by focusing on slowing 
down and saving more water through riparian area 
improvements in the abundant creeks. By working 
with conservation groups like The Nature Conservancy 
and World Wildlife Fund, and through partnership with 
neighbors and NRCS, he hopes to reduce erosion, 
increase rotational grazing, and improve riparian areas.

The feast-or-famine rainfall in the region can shift from 
multiple-year droughts to overnight 4-inch, dam-breaking 
gully-washer events. “Our dams have been a lifesaver 
over the years for our livestock, but recent higher alkali 
levels in the water have many ranchers around here 
fencing them off to protect animal health,” Erk explains.

Grant funding for riparian projects
The challenge of unpredictable water flows led Erk 
to join forces with five ranch neighbors in the same 
watershed and form the Castle Rock Ranch Water 
Corporation, which was awarded a Conservation 
Implementation Strategy grant from the NRCS. The grant 
will cost share drilling a well and piping fresh water to 
all the ranches—in exchange for the ranchers adopting 
more conservation practices.

“By working together with neighboring ranch owners, 
we’re improving water quality for our livestock,” he says. 
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“We’re building soil health across a watershed by rotating cattle among more pastures with water to give the grass the 
longer rest it needs following grazing.”

Another project that excites Erk is The Nature Conservancy’s effort to help heal the riparian environments for healthy 
stream biodiversity. “The stream analysis by TNC targeted two creek areas where high water creates the most erosion 
damage,” Erk explains. “Last year, they installed 12 beaver dam analogs and Zeedyk rock structures to slow water, raise 
the water table, control erosion, and help nature begin to restore riparian biodiversity.”

Creating beaver dams
Beaver dam analogs (BDAs) are human-made structures that are designed to mimic the function of a natural beaver 
dam. TNC installed BDAs on the Erk ranch using wood-and-mud to hold creek water and stop erosion. As silt and water 
collect to expand the floodplain behind the BDA, more grass and vegetation grow and naturally slow water to create a 
slowly healing habitat for fish and wildlife, along with grazing animals. 

These BDAs are installed using wood posts driven into a stream bed, with tree branches interlaced between the posts 
to hold them across the stream. Soil is packed onto the branches to contain the flow and create the face of a dam. “It’s 
very similar to how a beaver would construct a dam using sticks and mud,” Erk says.

In some highly erosive streambed areas, TNC installed a rock floor in the creek, called a Zeedyk structure, to reduce 
gully formation. Erk says, “It’s a similar technique to installing a stone patio with spaces in between to grow grass. When 
water flows over it, or a waterfall spills onto it, the structures hold soil in place and allow for vegetation growth between 
the rocks on the creek bed.”

After only one year, the riparian areas that received these creek structures are already showing signs of healing. “While 
we’re currently in the middle of several dry years, the beaver analogs and Zeedyks are working well to cut down on 
erosion and hold water to spread it out more. While it’s too early to tell, I’m excited for TNC to install more of these 
practices,” Erk shares.

More grassland, better rotational grazing
Related to ranch riparian health, Erk is also working with Burger King, Cargill and World Wildlife Fund (WWF) on their 
grassland restoration project to turn his last remaining fields of marginal cropland into grassland for his livestock.

“These new pastures, along with the addition of fresh water, will help improve our rotational grazing opportunities,” he 
explains. “By adding more fencing, we’re improving grazing efficiency, which will improve the grass and help deeper 
roots store more carbon to improve the soil and our ranch for the future.”

Proud of his conservation heritage, Erk hopes to spread his love of these practices to encourage their acceptance on 
more ranches throughout West River. “My lot in life follows my dad’s request to ‘be a good steward of our ranches, 
because if you take care of the land, the land takes care of you,’” Erk says. “Together, with my wife Candy and son 
Colton, we continue to improve the ranch and hopefully keep it in the family for future generations.”
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Figure 1. Markus Erk and his son Colton. Photos © Joe Dickie, Generation Photography, Inc.

Figure 2. A Zeedyk rock structure installed to help prevent headcuts from eroding upstream reaches. Photos © Joe Dickie, 
Generation Photography, Inc.
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Figure 3. The Zeedyk rock structure shown is trapping sediment behind it, healing a headcut that had formed by filling in with new 
grass. Photos © Joe Dickie, Generation Photography, Inc.

Figure 4. Beaver dam analogs work to slow and hold water in pools. Photos © Joe Dickie, Generation Photography, Inc.
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Figure 5. A redwing blackbird uses a beaver dam analog post installed on a small headwater stream of the Erk ranch. Redwing 
blackbirds spend the breeding season along wet areas and near water. Photos © Joe Dickie, Generation Photography, Inc.
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