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Introduction
Traditional stream bank stabilization techniques
that rely on rock to stabilize eroding banks can
have unintended consequences in stream
systems. Hardened stream banks can deflect
energy and cause accelerated erosion
downstream. They provide minimal ecological
value and halt the dynamic processes that are
essential to maintaining healthy stream systems.
These processes include the recruitment of large
woody debris and gravel that provide the
essential building blocks of complex stream
habitat.
Bio-engineered bank stabilization techniques rely
on the rooting characteristics of native plants to
bind soil particles and stabilize eroding stream
banks. These techniques minimize the transfer of
erosive energy downstream by absorbing, rather
than deflecting, stream power. They also provide
maximum ecological benefits and maintain the
dynamic processes that promote healthy stream
systems.

Figure 1. Traditional rock riprap
stabilized stream bank.

Natural vs. Accelerated Erosion
Erosion of stream banks is a natural process.
Stream systems naturally meander and migrate
as a response to flood flows, landslides, and
variations in soil type, bedrock and vegetation
(Leopold 1964). Natural, dynamic processes
promote and maintain habitat diversity in healthy
stream systems (Florsheim et al. 2008). Natural
erosion of stream banks is often a very gradual
process and is evidenced by historic meander
patterns.
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Figure 2. Bio-engineered
stabilized stream bank.
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Accelerated erosion is an un-natural process
that is the result of land disturbing activities
attributed to man. Accelerated erosion can
degrade water quality and decrease habitat
diversity by contributing excess sediment to
river systems. Development in flood plains
(houses, roads, bridges, rip-rapped stream
banks, etc.), mining, logging and agricultural
practices can cause accelerated erosion and
stream bank failure.

Figure 3. Natural erosion on the
Hoback River recruiting willows
and trees.

Figure 4. Accelerated erosion on
the Teton River caused by the
removal of the native plant
community.
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Bank failure is often caused by the degradation
of the native plant community. Native riparian
and wetland plants have extensive root systems
that take advantage of fluctuating water tables.
These roots bind soil particles together to
create naturally stable stream banks that can
withstand high water velocities and erosive
forces. Upland plants and weeds frequently
have shallower or less dense root systems that
have inferior soil binding capabilities. When
native riparian and wetland plants are
eliminated and upland plants and/or weeds
dominate, accelerated erosion can occur and
persist. These weakened stream banks are
susceptible to erosion from flood flows, ice
dams, muskrat tunnels, livestock trampling, etc.
and over time may become sheer banks with
large drops.
Bio-engineered techniques stabilize eroding
stream banks by restoring a healthy wetland
and riparian plant community. Whenever
possible, the goal of bio-engineered bank
stabilization should not be to provide permanent
stability, but to reset the erosion time-clock to a
natural pace. It is vital that streams and rivers
are allowed to migrate and move within a
floodplain (Florsheim et al. 2008). Bioengineering techniques that utilize erosion
control products and native plants can provide
stability to meet restoration goals while allowing
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Scour at base of mature willow.

natural, dynamic change over time.
Recruitment of large woody debris and gravels
into the system can in turn, cause localized
hydraulic conditions that promote scour, pool
formation, and undercut banks and can create
complex habitat for fish, macro-invertebrates,
birds, amphibians and other wildlife.
When natural erosion cannot be tolerated, even
at a slow pace, bioengineered techniques that
incorporate more permanent or “hard”
structures such as, rock riprap or gabions, may
be necessary. Rather than place these
structures at the toe of the slope, one might
consider placing them behind the native
planting zones to establish a threshold beyond
which erosion cannot be tolerated. This would
allow a softer approach to be used at the
channel margin while allowing for some
insurance that erosion will not progress beyond
a defined boundary.

Figure 5. Bio-engineered stream bank
stabilized using sedges and willows. Scour
is continuing to occur at the base of the
mature willow creating excellent trout habitat.
This process will likely be repeated in the
long term at the base of the willow in the
foreground.

Figure 6. Photo of Carex nebrascenis
rhizomes rooted in a coir medium.
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Stabilizing Characteristics of Riparian Plants
Riparian plants have distinctive characteristics
that enhance their ability to stabilize eroding
stream banks. These characteristics include:
dense rooting that reinforces soil against
erosion; high surface roughness that can result
in decreased water velocities and enhanced
sediment deposition; and a high tolerance of
fluctuating hydrologic conditions (Manning et al.
1989; Micheli and Kirchner 2002). Wetland
plants that are excellent at stabilizing stream
banks include sedges, rushes and bulrushes.
Sedges, in particular, have incredible soil
binding characteristics that enhance their ability
to stabilize eroding stream banks. When
measuring root length densities, Manning et al.
(1989) found that Nebraska sedge (Carex
nebrascencis) had over 16 miles of roots in one
cubic foot of soil and 6 times the total weight of
roots than a comparable grass species (Poa
nevadenisis) growing nearby on a drier stream
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bank. Sedges and willows both have massive
root systems that function well in flooded
conditions and root in different zones on stream
banks (Svejcar and Trent 1995).
The majority of sedge roots are found in the top
24” of soil while the majority of willow roots are
at depths greater than 24” of soil. Goldsmith
(1998) found that in soils subjected to lateral
forces, willow roots increased soil strength by a
factor of 3 compared to bare soil and sedge
roots increased soil strength by a factor of 18.5.
Plants provide maximum benefit where abundant
soil moisture supports vigorous growth (Manning
et al. 1989, Toledo and Kauffman 2001).
On bio-engineered stream banks, a
combination of erosion control products,
riparian vegetation can provide short and longterm stabilization. Erosion control blankets and
mats provide the initial site stabilization by
covering exposed soil and providing roughness.
The herbaceous vegetation provides short and
long-term stability of the top 24” of soil and
shrubs provide long-term stability of soil greater
than 24” deep. Further away from the stream
channel, riparian trees and large shrubs provide
valuable wildlife habitat and long term
stabilization, should the river naturally migrate
in that direction.

Figure 7. Upland grasses have very shallow
rooting depths and soil binding capabilities
compared to wetland and riparian plants.

Challenges in Establishing Wetland and
Riparian Plants
Although the presence of riparian vegetation
has been identified as a significant component
of bank stability, little has been published on
how to effectively establish herbaceous wetland
plants in the erosive environment along stream
banks (Thorne 1982; Gregory 1992; Smith
1976). Wetland plant establishment techniques
have used seed, containerized plants or
transplanted sod. Seeding is not appropriate
on stream banks, because the seed is either
washed away by spring flows or dries out too
quickly as high flows recede. Similar
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Figure 8. Seed on this bank was washed away
during peak flows.
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challenges are observed when using
containerized or bareroot plants, which are
washed away during spring run-off, or
experience too much or too little water to
successfully establish. Sod salvaged from
another location and transplanted to an eroding
bank, may not be effective because of the
rough, irregular edge that is typical after
installation. This variable edge can reduce the
threshold force necessary to cause erosion
(Fischenich 2001) and can cause localized
scouring that can undermine the entire bank.
When using bio-engineered techniques, it is
important to try to reduce surface variability at
the channel margin (rough edges) to increase
the erosion threshold. Additionally,
transplanted sod can unintentionally spread
undesirable species such as reed canary grass
and Canada thistle that can degrade long term
ecological function and bank stability.
Because of the challenges in establishing
herbaceous vegetation on stream banks, bioengineered techniques often rely on woody
species that can be established using dormant
cuttings and wild transplants (Bentrup and
Hoag 1998). These techniques also have
limitations because they need to be
implemented when the plants are in a dormant
condition (fall or spring) which often does not
allow the plants to root before spring high flows.
Consequently, designers often rely on rock toes
to provide the initial site stabilization while the
woody vegetation is established. On low
gradient systems, where rocks usually are not
stabilizing natural stream banks, wetland
herbaceous vegetation may be a suitable
alternative to rock toes.
Pre-planted Erosion Control Products
In order to address the challenge of
establishing wetland herbaceous plants along
stream banks, Intermountain Aquatics (IMA)
and North Fork Native Plants (NFNP) began
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Salvaged Sod

Figure 9. Variability in salvaged sod along
the channel margin.

Figure 10. Dormant willow cuttings installed
with a water-jet stinger.
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experimenting with pre-planted coir (processed
coconut fiber), erosion control products in 1999.
Pre-vegetated coir products combine native plants
with a coir growth medium in a nursery setting that
encourages maximum root growth.
North Fork Native Plant’s pre-vegetated coir
products contain mature root systems that are fully
integrated into their coir base, allowing them to root
quickly and tolerate challenging site conditions
immediately after installation. When staked in the
field, the coir provides immediate erosion control by
covering exposed substrates, providing roughness
and protecting roots from trampling. Over time, the
coir degrades and the plants provide the long-term
stability.

Figure 11. WETLAND SOD at the North Fork
Native Plants facility.

NFNP currently offers three innovative plant
products for bio-engineering applications,
WETLAND SOD, custom grown coir logs and deep
rooted willows. Unlike dormant woody plantings,
these products can be planted in the growing
season after peak flows, allowing the plants to root
prior to the next high-flow event.
WETLAND SOD is a pre-planted erosion control
mattress that is an ideal way to establish
herbaceous vegetation at the toe of bio-engineered
stream banks. The dense root mat that is integrated
into the coir mattress quickly binds to exposed soils
and provides a stable toe. WETLAND SOD can be
effective at outcompeting invasive species, such as
reed canary grass, by quickly establishing native
sedges on disturbed sites.

Figure 12. Custom grown coir logs containing
Nebraska sedge and coyote willow.

Custom grown coir logs are pre-planted coir logs
12” in diameter by 10 feet long. They can be
planted with woody and herbaceous species and
are an excellent tool in areas where it is difficult to
establish the right slope. Coir logs can be used to
define the edge a stream bank and can be
backfilled to provide a planting terrace for
WETLAND SOD or willows.
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Deep rooted willows (DRW) are a great alternative
to traditional dormant cuttings. They are grown in
30” or 15” pots to maximize rooting depth and allow
plants to access falling water tables longer into the
season. Deep rooted willows can be installed
throughout the growing season and do not have to
be planted dormant, like traditional willow cuttings.
DRW plants are typically planted on 3’ centers and
can be planted vertically or horizontally along
eroding banks and soil lifts to provide successful
willow establishment. A well developed root system
provides superior establishment to traditional
dormant cuttings which can have less than 40
percent survival (Pezeshki and Shields 2006).
Figure 13. Deep rooted willow.
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