Healthy Riparian Guide:
Conserving & Managing Streamside Vegetation
Missoula Conservation District
This guide promotes land uses that maintain or improve riparian areas in the Middle Clark Fork River basin, while building an understanding of the
economic and ecological benefits of healthy riparian ecosystems.
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About Missoula Conservation District

Missoula Conservation District

In 1946, a group of private landowners interested in conserving Missoula County’s
natural resources established Missoula Conservation District. In the 1930s and 1940s,
similar districts across the country formed in conjunction with the United States
government’s response to the Dust Bowl — one of the biggest environmental disasters in
the history of the United States.
The Federal Government created the Soil Erosion Service (SES) and the Soil Conservation
Service (SCS) in 1933 and 1935 respectively, to help demonstrate and promote
conservation. Today, the SCS is known as Natural Resources Conservation Service
(NRCS). Conservation Districts continue to represent the local community and partner
with the NRCS to assist farmers, ranchers, land managers, and other local stakeholders
with natural resource conservation. Missoula Conservation District is directed by a board
of volunteer supervisors. We promote common sense conservation of all natural
resources in Missoula County. Our top priority is to encourage and support practices that
improve water quantity, water quality, and overall stream health.
As mandated by the Montana State Legislature, Missoula Conservation District
administers the Natural Streambed and Land Preservation Act of 1975 (310 Law), issuing
permits for work that may impact streams in Missoula County. Our district also works to
improve stream function by encouraging conservation practices, funding conservation
projects, and providing technical assistance to landowners and land managers
throughout Missoula County. Therefore, we promote healthy and diverse
landscapes, which greatly increase ecosystem function and provide essential services for
humans, wildlife, and natural systems.
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About This Guide
Riparian is defined as anything relating to the corridor along the banks of a stream, lake, or waterbody. This guide promotes land uses that
maintain or improve riparian areas in the Middle Clark Fork River basin while building an understanding of the economic and ecological benefits
of healthy riparian ecosystems.
The information provided is intended to be introductory only. For additional information, or technical clarification, please contact Missoula
Conservation District. Here are seven tips to help you review:
•

Inquire about a 310 application for any work that may impact a stream or its
riparian area

•

See the Table of Contents for specific sections of interest

•

Use the Glossary to locate definitions for underlined words

•

See figures and descriptions for further comprehension

•

Use the photos as visual examples

•

See the Appendix for additional resources

•

Contact Missoula Conservation District with questions, concerns, or to request
assistance with practices on your property that promote healthy riparian areas
and improve our watershed

What is a Conservation Ethic?
Conservation ethic is a moral principle stating that people should impact their land
in a way that either maintains or improves its ecological health. This principle,
first authored by Aldo Leopold in 1933, is based on historical trends that transfer
ethical considerations to politics and economics. Leopold was a forester, ecologist,
and conservation philosopher. He argued ethical consideration should also extend
to the environment and include biological ecosystems.
The conservation movement began with people taking a personal stake in the
health of their land. It was later framed into the moral consideration to provide
the next farming generation with productive land to make a living. Productive land
relies on the health of the entire system, including soils, plants, and ecological
relationships. Therefore, it is in the best interest of land users to ensure that the
natural environment is healthy, for one directly affects the other.
“Harmony with land is like harmony with a friend; you cannot cherish his right
hand and chop off his left.” — Aldo Leopold
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Healthy Riparian Buffer Basics
What is a Riparian Buffer?

Riparian Area

Buffer zones provide essential protection to surrounding landscapes by
creating transition zones between streams and upland habitats. They
provide many benefits including vegetation diversity, disturbance
resiliency, flood event protection, pollution filtration, streambank
stability, and diverse habitat for aquatic and terrestrial wildlife.
Riparian areas encompass the aquatic habitat, stream, adjacent land, and
streambank vegetation. Buffer zones are gradual transitions between
upland zones and aquatic zones. These areas provide unique habitat for
water-loving vegetation, which facilitates diverse species interaction
that shapes the environment. Riparian buffer zones are crucial for
healthy ecosystems. They protect water quality and provide numerous
services to humans.

Overbank
Elevation

Bankfull
Elevation

Modified from (FISRWG, 1998)

Figure 1

More Words to Know

Natural

Bankfull is the height of water in a river channel that equals the level of
the surrounding floodplain, so that flooding would occur if the water
level increased further.

A

Water Table
Stream

Incised

B
Water Table
Stream
Figure 2

Topographic Floodplain

Incise* is the vertical cutting of the streambed. In geologic terms, it is a
process where the streambed is scoured away, leading to steep banks
and erosion.
Topography is the character of the surface of an area, particularly its
relief (difference in elevation between high and low points of a land
surface) and the position of its features.
Water Table is the level beneath the ground below which permeable
(material that permits fluids to pass through it in both directions) rock
is saturated with groundwater.

(*defined by Missoula CD)

Figure 1: Illustrates the basic components of a riparian area including bankfull elevation and the floodplain.
Figure 2: Stream A depicts a healthy stream. Dense vegetation and deep root systems support bank stability while the water table remains closer to the
surface. Stream B lacks vegetation and has unstable banks; the streambed has cut down to a lower elevation, forming an incised stream. Notice the
water table is lower.
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Healthy Riparian Buffers
Streams and riparian areas
are very dynamic. Dense and
diverse vegetation including
trees, shrubs, grasses, and
forbs are usually indicative of
a healthy riparian area in
Missoula County.

Dense & Diverse Vegetation

Extensive Root Systems

Missoula Conservation District

Vegetation Density - Thick native riparian vegetation has extensive root systems that stabilize the streambank, provide shade for aquatic habitat, reduce
stream velocity, and limit flood potential. Diverse vegetation promotes healthy soils and increases water storage capacity.

Sedges & Rushes

Down Woody Debris

Streambank Protection

Roger Peterson, USDA Forest Service

Meadow Vegetation - Some streams flow across meadows and may be
connected to wetlands. These riparian areas are generally made up of
deep-rooted sedges, rushes, and grasses, rather than woody species.

Missoula Conservation District

Roughness - Irregularity created by plant roots, down woody debris, and
large rocks protect the streambank from erosion and slows stream
velocity. Additionally, it improves habitat and water retention capacity.
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Functions of Riparian Areas
Before Revegetation

The Role of Vegetation

After Revegetation
•

Riparian vegetation increases bank stability,
prevents erosion, and filters pollutants

•

Trees, shrubs, and other vegetation provide
shading, thus cooling stream temperature

•

Ample canopy cover provides defense and
living space for amphibians and aquatic
organisms

•

Riparian areas comprise less than five percent
of Montana but contain more than 75 percent
of its plant and animal diversity (Erickson &
Vandenbosch, 2007)

Buffer Zone
Steep Bank

Streambank Stability

Lack of Vegetation
Shane Hendrickson, Lolo USFS

Shane Hendrickson, Lolo USFS

Water Storage

Figure 3

Riparian areas increase water quantity by
increasing the capacity for water storage

•

During a rain event, vegetation slows the
velocity of flood waters, offering protection to
adjacent land

•

After a rain event, water infiltrates through the
soil and slowly recharges the saturated zone

•

Groundwater recharge early in the spring
season can help maintain flows late in the
summer months

•

Healthy soil systems have organic material that
helps bacteria and soil fungi to capture and
break down pollutants

•

As pollutants move through the soil, they are
captured and broken down by biological,
chemical, and physical processes

Elizabeth Saunders

Figure 3: Illustrates groundwater interaction with vegetation, stabilization of the
streambank, increased water capture, pollutant filtration, and carbon sequestration.
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Zones of Influence in Riparian Buffer Zones
Flood Prone Elevation

Overbank Elevation

Bankfull Discharge Elevation

Upland Zone

Average Water Elevation

Bank Zone
Stream

Toe Zone

- Bank
-Food Web - Limiting Biotic
- Aquatic
Zone for Aquatic
Habitat
Species & Habitat
-Transport

Overbank Zone

- Sediment Deposition
- Nitrogen Removal
- Flood Reduction
- Bank Stability
- Wildlife Habitat
- Shrubby Plant Species

Figure 4

Transition Zone
- Sediment Removal
- Nutrient Removal
- Flood Reduction
- Pollutant Removal
- Wildlife Habitat

- Nutrient Retention
- Erosion Control by Conservation
Land-Use Practices
- Water Infiltration
- Point-Source Pollution Control
- Recreation Areas
- Drought Resilient Species Usually Found Here

Modified from (Hoag & Thomas, 2001) & (EPA, 1997)

Figure 4: Depicts various riparian zones and highlights their functions. Notice how functions change as species composition and proximity to the stream
change. For specific riparian plant species, refer to pages 9 & 10 of this guide.
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Assessing Riparian Issues
Eroding Behind Vegetation

Mowing

Healthy Vegetation

Unstable Bank

Ladder / Steep Streambanks
Missoula Conservation District

Missoula Conservation District

Lack of Vegetation - Mowing to the edge of a stream prevents the
establishment of deep-rooting woody species that provide bank stability.
Limiting and removing woody vegetation increases erosion and results in
loss of land.

Unstable Banks - Streams that lack vegetation, but have a stable or
compacted streambed, force the flow to dissipate its energy through
meanders that erode the bank. As the stream moves side to side, it can
damage property and existing bank vegetation by cutting behind it.

Shallow Roots

Sloughing

Deep Stable Roots

Strong-Rooted Vegetation
Shallow Roots

Steep Bank
Missoula Conservation District

Steep Banks - Eroding streambanks may become steep. Erosion occurs
when the energy of the stream is not effectively dissipated by roots,
downed debris, or access to the floodplain.
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Missoula Conservation District

Bank Sloughing - Streambanks erode and slough because shallow-rooted
vegetation does not hold the soil in place. Alternately, strong-rooted
vegetation holds the bank in place even as the stream erodes below the
roots; this creates essential habitat known as undercut banks.

Damaged / Rubbed Vegetation
Lack of Riparian Vegetation
Dry Streambed

Lowered Water Table
Hoof Action
Missoula Conservation District

Hoof Shear - When unmanaged livestock have access to riparian areas,
they may spend substantial time in cool, lush spaces. Stock animal hooves
break the stems of new vegetation, compact the soil, and widen or erode
the banks. Mature vegetation may be damaged by rubbing or grazing new
growth.

Lolo Watershed Group

Dewatered Stream - Upstream of this location, the riparian area lacks
vegetation and the channel has been restricted. When flows increase, the
stream does not store water in the riparian area. Instead, water runs off
quickly, preventing the stream from reaching its downstream confluence
following spring runoff.

Influx of Sediment at Confluence

Disturbed Tributary

Invasive Purple Loosestrife
Donald Hobern

Invasive Plants - Invasive plants often establish due to a disturbance that
exposes soil. Invasives are aggressive and difficult to eradicate. They
compete with native plants for nutrients and water, and consequently
alter water storage capacity.

Ladd Knotek,
MT Hobern
FW&P
Donald

Cloudy water - Suspended sediment visible with the naked eye is often a
sign of disturbance upstream. Most streams in Missoula County are cold,
clean, and clear (except during periods of flooding and runoff).
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What NOT to do in Riparian Areas

Missoula Conservation District

Missoula Conservation District

Landscaping - Landscaping to the water’s edge puts a landowner at risk of
losing land. Mowing to the water’s edge increases nutrient
runoff, increases erosion, decreases water quality, and
eliminates functional wildlife habitat.

Over-Hardened Banks - Hardened banks negatively impact stream
temperature, vegetation growth, and water storage. Large
rocks or other dense materials on the streambank increase
stream velocity, may incise channels, and increase
downstream flood potential.

Missoula Conservation District

Missoula Conservation District

Vegetation Removal - This puts landowners and their neighbors at risk
because it undermines bank stability and causes erosion.
Vegetation removal lowers the capacity for water storage,
impacting water availability. Runoff from exposed soil
introduces nutrients into the stream, lowering water quality.

7

Inadequate Stream Crossing - If crossings, such as culverts, are not sized or
installed correctly, they will likely washout and introduce
large amounts of sediment and nutrients into the stream.
When they fail, property access is limited and repairs are
expensive.

~

Riparian Improvement Practices

NRCS

Off-Site Stock Watering - When managed well, off-site stock watering tanks
take pressure off of lowlands and riparian areas. When a
stock water tank is placed outside of the riparian area, it
allows the riparian area to naturally increase soil health,
plant production, and water storage capacity.

Flathead Conservation District

Riparian Planting - Planting native riparian species provides widespread
ecosystem services to local and regional landowners.
Riparian planting is an effective way to increase water
storage and decrease streambank erosion.

John
JohnMarshall,
Marshall,SWCD
SWCD(VA)
(VA)

Hardened Crossings - Confined animal hoof traffic compacts the ground and
reduces the amount of sediment that gets transported into
the stream. Hardened crossings that are intentionally used
will reduce impacts to the rest of the riparian area.

Gary Cramer, NRCS
NRCS

Riparian Fencing - Fencing the perimeter of the buffer strip protects the
soil and riparian vegetation from stock disturbance. This
protection allows mature vegetation to establish and
increase bank stability.
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Common Riparian Trees & Shrubs*
Rocky Mountain Maple

Acer glabrum

USDA Forest Service

Size

Elevation Range

Root Type

Medium
Tree

Low - Mid

Moderately
Spreading

Riparian Area

Flood Tolerance

Drought Tolerance

Transitional

High

High

Size

Elevation Range

Root Type

Small Medium Tree

Mid - High

Shallow
Spreading

Mountain Alder

Alnus incana

Red-Osier Dogwood

Cornus sericea

Riparian Area

Bank Overbank

Medium

Size

Elevation Range

Root Type

Medium
Shrub

Middle

Shallow
Spreading

Riparian Area

Bank Transitional
Tom Koerner

Black Hawthorn

Crataegus douglasii

Populus tremuloides

High

Medium

Size

Elevation Range

Root Type

Small Tree

Low - Mid

Shallow
To Deep

Riparian Area
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Low

Elevation Range

Root Type

Medium
Tree

Mid - High

Shallow
Spreading

Transitional
*Not A Complete List

Flood Tolerance Drought Tolerance

Size

Riparian Area

Low

Flood Tolerance Drought Tolerance

Overbank Transitional

Quaking Aspen

Flood Tolerance Drought Tolerance

Flood Tolerance Drought Tolerance

Low

Medium

Tables modified from (NRCS, 2000)

High

~

Black Cottonwood

Size

Elevation Range

Root Type

Large Tree

Low - Mid

Shallow &
Fibrous

Populus trichocarpa

Riparian Area

Transitional

Chokecherry

Prunus virginiana

Flood Tolerance Drought Tolerance

Medium

Size

Elevation Range

Root Type

Small Tree

Low - Mid

Rhizomatous

Riparian Area

Transitional

Flood Tolerance Drought Tolerance

Low

Size

Elevation Range

Root Type

Woods Rose

Small Medium

Low - Mid

Shallow
to Deep

Rosa woodsii

Riparian Area

Bank Transitional

Booth Willow

Salix boothii

Coyote Willow
Elevation Range

Flood Tolerance

Low:

2,000-4,500 ft.

Low: 1-5 days or less

Mid:

4,500-7,000 ft.

Mid: 6-10 days or less

Low

High: 7,000-10,000 ft.

High:

10-30+ days

Elevation Range

Root Type

Medium
Shrub

Middle

Shallow
to Deep

Size

Elevation Range

Medium
Shrub

Low - Mid

Bank Transitional

Low - High

Size

Riparian Area

Riparian Area

Low Medium

Flood Tolerance Drought Tolerance

Bank Overbank

Salix exigua

Medium

Flood Tolerance Drought Tolerance

Medium High

Low Medium

Root Type

Flood Tolerance Drought Tolerance

Medium High

Low Medium

Tables modified from (NRCS, 2000)
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Water Moving Across Landscapes

Figure 5

(Hallmark, 2017), basemap source: (National Geographic, ESRI, DeLorme, HERE, UNEP-WCMC, USGS, NASA, ESA, METI, NRCAN, GEBCO, NOAA, Ipc)

Figure 5: Depicts major watersheds, towns, and streams within Missoula County and illustrates where the county is situated — the headwaters of the
Columbia River basin. Notice the Great Continental Divide, and the smaller watershed boundaries. Our streams and rivers flow into the Clark Fork
River basin, which is an important headwater to the larger Columbia River basin.
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Basic Stream Structure
Streams are natural bodies of water that
flow along a channel or path of least
resistance. They are part of a dynamic
geomorphic process that changes the shape
of the earth by eroding, transporting, and
depositing sediment throughout the
floodplain.

Missoula Conservation District

Meandering Stream - Meanders are bends that cut into the banks of a channel, slow the stream velocity,
and increase water infiltration. Meanders increase water storage capacity.

Pool

Figure 6

(Lewis & King, 2010)

Pool-Riffle - When velocity is slowed by a meander, it often forms a
narrow, deep, and slower section called a pool, where fine sediment
settles. Pools are followed by wider, shallower segments of the channel
known as riffles. Riffles occur where larger gravel or cobble sediment has
settled. Occasionally a meander and pool form below a segment of the
bank that extends out over the water and is held by strong-rooted
riparian vegetation; this is called an undercut bank.

Figure 7

Step
Modified from (Chaney, Elmore, & Platts, 1995)

Step-Pool - Step-pools are common in streams that flow through steep
topography. They form a staircase appearance with steps formed by large
boulders or cobble, and pools where fine sediment settles. This sequence
slows stream velocity, limits erosion, and raises the water table.

Figure 6: Illustrates an aerial view of a meandering pool-riffle channel.
Figure 7: Illustrates an aerial view of a step-pool channel.
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Surface Water Interaction
Pre-Development

Post-Development

Land Cover Affects Water Quality
Areas that have impermeable surfaces, such as
paved roads, parking lots, or compacted soils,
may have a lower water table. Water quality is
often decreased because these areas increase
surface runoff, directly transporting pollutants
into the stream.
Land surfaces with dense vegetation allow for
more water to be stored in the ground, therefore
increasing water availability. Buffer strips also
improve the quality of water that reaches the
stream.

Figure 8

Figure 9

(Puget Sound Partnership, 2007)

Analyzing a Hydrograph
The graph on the left is called a hydrograph. A
hydrograph depicts streamflow over time. When
a storm occurs, vegetative land cover influences
how much water will be stored in the ground and
how much will run off directly into to the stream.
The pre-development curve has a lower peak,
indicating higher infiltration rates. The above
ground surface cover allows more water to
absorb into the soil, which creates a lag time
between the rain event and its peak flow.

Figure 10

The post-development curve has a higher peak,
indicating lower infiltration rates. This occurs
when impermeable land surfaces transfer rain
water directly into the stream as overland flow.

Figure 8 & 9: Pre-development refers to natural systems and post-development refers to manipulated landscapes. Pre-development landscapes can

absorb much more water than post-development landscapes because the vegetation allows more water to infiltrate into the soil.
Figure 10: Stream flow rates are partially dependent on land use and vegetative cover. Developed landscapes increase surface runoff and flash
flood potential.
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Soils & Water Storage
Semi-Compacted

Functions of Healthy Soils

Porous

NRCS

Soil texture and properties affect water quality and
plant health. Healthy soils provide the following
functions:
•

Increase water storage capacity

•

Provide pore space for water infiltration and increase
water quantity

•

Regulate water and air flow

•

Store organic matter

•

Reduce water evaporation

•

Increase drought resiliency and drought tolerance

•

Decompose organic matter for nutrient uptake by
plants

•

Provide necessary structure for ideal plant and root
growth

•

Provide habitat for microorganisms

•

Increase productivity of the land

•

Increase plant and pollinator abundance

NRCS

How Soil Composition Impacts You
Soils with higher organic matter increase water storage
capacity, increase plant production, and reduce the
amount of pollution that leaches into the water table:

Figure 11

Non-Porous / Compacted:
No Pore Spaces

Semi-Compacted:
Disconnected Pore Spaces

Porous:
Connected Pore Spaces

•

Organic matter holds 18 - 20 times its weight in
water (NRCS, 2016)

•

Riparian soil and vegetation can store up to 90% of
unused nitrogen from adjacent croplands (NRCS,
2011)

•

Healthy soils reduce erosion and evaporation, thus
keeping moisture in the ground

Figure 11: Porosity is the ratio between pore space and solid material. It is usually

represented as a percentage. Compacted soils have disconnected pore spaces and are
limited in their holding capacity. Porous soils have connected pore spaces that allow for
greater water infiltration and abundant storage capacity.
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Water is Livelihood
Water Use
Total Water Withdrawals in Montana
(Millions Gallons / Day) = 10,748.8
Irrigation: 96.5%
Livestock: 0.4%

Thermoelectric
Power: 1.0%

Healthy riparian buffers help to conserve water and raise the
water table. Maintaining and improving native riparian areas
and lands within the drainage helps to increase the amount of
available water stored in the system, making more water
available for removal and consumption:
•

Water withdrawal is the amount of water removed from
either groundwater or surface water; some of this water
infiltrates and flows back to its source

•

Water consumption is the amount of water removed which
does not return to its source

•

Water consumption can leave the system in many ways:
it can be used to produce electricity, be consumed for
drinking water, or leave through evapotranspiration

Self-Supplied
Industrial: 0.6%

Public Supply: 1.3%

Self-Supplied
Domestic: 0.2%

Irrigation Depends on Water Supply

Total Water Consumed in Montana

Montana was the fourth largest irrigating state in the United States
in 2012 (USGS, 2016):
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•

69% of farms in Missoula County are classified as pasture farm
lands and 29% are classified as croplands (NASS, 2016)

•

In 2000, 10.4 billion gallons of water per day were withdrawn
for irrigation in Montana (USGS, 2004)

•

Decreased supply of freshwater affects everyone, but it especially
damages agricultural and recreational industries economically

•

Diminished water storage and availability decreases crop range
production and reduces income for farmers and ranchers

•

Healthy riparian vegetation reduces the impacts of climate
variations, including drought and flooding

(Millions Gallons / Day) = 2,370.8
Irrigation: 93.6%

Livestock: 1.7%

Thermoelectric
Power: 1.2%
Self-Supplied
Industrial: 0.4%

Public Supply: 2.1%

Figure 12

Self-Supplied
Domestic: 1.0%
Modified from (USGS, 2004)

Figure 12: The pie charts above illustrate an estimate of the
amount of water used in the state of Montana in 2000.

Cost of Riparian Degradation
Recreation Sources Montana’s Economy
Tourism helps stimulate local businesses and boost Montana’s economy:
•

Recreation creates 64,000 jobs and generates $1.5 billion in wages and
salaries (Outdoor Industry, 2012)

•

On average, Missoula County received $267.4 million from non-resident
traveler expenditures from 2012-13 (Grau, 2016)

•

Non-resident travel expenditures in the Glacier National Park travel
region, which includes Missoula County, totaled $937 million in 2014
(Grau, 2016)

•

In 2014, $908 million was spent on fishing and $348 million on hunting
in Montana (Lewis, 2014)

•

According to the University of Montana's Institute for Tourism and
Recreation Research, more than 11.7 million tourists visited Montana in
2015 (Grau, 2016)

Missoula Conservation District

Economic Impacts of Unhealthy Buffers
When healthy riparian buffers do not exist:

Mansfield Heliflight Inc. & Black Bullet LLC

•

Ecological health is diminished, which reduces wildlife habitat and
natural aesthetics that support recreation industries and our economy

•

The water table may decline, limiting water storage and availability
for grass and food production

•

Ecosystem and property values diminish as a result of erosion

•

Infrastructure encroachment may occur, increasing human access,
and manipulation of the channel; this often causes other issues
downstream

•

Structures are built too close to high flow channels or the existing
stream; bank stabilization and repairs are expensive and limit the
stream’s ability to meander, causing further issues (see pages 5-6)
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Glossary
bankfull - The height of water in a river channel
that equals the level of the surrounding floodplain,
so that flooding would occur if the water level
increased further.

erosion - A group of natural geological processes
by which soil and rock material are loosened
(weathering) or dissolved (solution) and then moved
(transportation) from their original location.

buffer strip (buffer zone) - An area of land or
water, usually around or beside a sensitive wildlife
habitat (such as a wetland), that contains
undisturbed vegetation and is designed to minimize
sharp changes in habitat, inhibit soil erosion, or
prevent disturbance from surrounding land uses.

evapotranspiration - The process by which water
vapor is released into the atmosphere from surface
water, soils, and plants through the combined effect
of evaporation and transpiration.

canopy - The roof-like cover formed by the leafy
upper branches and crowns of the tallest trees in a
forest, the canopy may be 50 meters or more above
the ground.
carbon sequestration - The long-term natural
storage of carbon in forest, soils, oceans, or
underground in oil and gas reservoirs and coal
seams.
confluence - A place where things merge or flow
together (such as where a tributary flows into a
river).
continental divide - The line of high ground that
separates rivers that flow toward opposite sides of
a continent, usually into different oceans.

flow velocity - See velocity.
geomorphic process - Processes that change the
form or shape of the surface of the Earth, including
desertification, erosion, fluvial processes, glaciation,
and weathering.
impermeable - Not easily penetrated. An
impermeable substance does not permit fluids to
pass through it.
incised* - The vertical downcutting of the
streambed. In geologic terms, it is a process where
the streambed is scoured away, leading to steep
banks and erosion.
infiltration - The movement of water from the
ground surface into a soil or into a porous rock or
sediment.

recharge - To refill a waterbody or an aquifer with
water by natural or artificial processes.
riparian - Relating to the banks of a stream, lake, or
waterbody.
rhizomatous - The type of root system that has
rhizomes. See rhizome.

rhizome - A horizontal, underground plant stem that
bears roots and leaves.
topography - The character of the surface of an area,
particularly its relief and the position of its features.
undercut bank* - A bank that is formed when the
stream erodes the area below riparian vegetation
roots and the above soil mass is held tightly by the
roots. This results in a roof-like cover that is
relatively stable and provides essential aquatic
habitat.
velocity (flow rate, flow velocity) - Speed or
distance traveled per unit time.
water quality - The chemical, physical, and
biological characteristics of a particular waterbody,
usually in relation to its suitability for a particular
use.

water table - The level beneath the ground below
meander - A curve or bend in a river channel,
which permeable rock is saturated with
ecology - The study of the interrelationships between which forms naturally by fluvial erosion.
groundwater.
organisms and their environment, including all biotic
overland flow (sheet flow) - The flow of water over watershed area - All of the land and water within a
and abiotic components.
the ground surface towards stream channels.
drainage divide.
ecosystem - Short for ecological system, meaning
percolation - The downward movement of water
the natural interacting biotic and abiotic system in a
(soil moisture) within a soil, through the soil
given area, which includes all of the organisms that
horizons, under the force of gravity. This water may
live in particular habitat, along with their immediate
eventually pass into the underlying bedrock and
physical environment. Examples include a lake,
become part of the aquifer.
forest, or drainage basin.
permeability (hydraulic conductivity) - A measure
ecosystem services (ecological services) of the rate at which water can percolate through a
Processes or materials such as clean water, energy,
soil or rock, usually expressed in cubic meter per
climate regulation, and nutrient cycling that are
second (m3 s-1).
naturally provided by ecosystems.
(*) Defined by Missoula CD, all other definitions from (Park & Allaby, 2013)
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