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Introduction
Watershed Characterization
The Redwood River Watershed is a Hydrologic Unit Code (HUC) 8 watershed (i.e. 07020006) entirely
within southwestern Minnesota and drains approximately 705.1 square miles of largely agricultural land.
The Redwood River watershed is comprised of the Redwood River and several smaller tributaries such as
Coon, Norwegian, Ramsey, and Three Mile creeks (Figure 1). Flowing in a northeasterly orientation, the
Redwood River flows approximately 127 miles through six counties until it eventually enters the
Minnesota River. Counties included within the watershed include Lincoln, Lyon, Murray, Pipestone, and
Yellow Medicine counties.
The headwaters of the Redwood River watershed lie upon the Coteau des Prairie where the river itself
originates near Ruthton, Minnesota. As the river flows across the landscape it drops roughly 300 feet in
elevation over approximately fifteen miles between Russell and Marshall, Minnesota. The abrupt
change in elevation is due to the landscape left behind by the Des Moines Lobe advance of the
Wisconsin glacial period roughly 14,000 years B.P. At Marshall, the river is characterized as being nearly
level to gently sloping, where the gradient of the river is only two to three feet per mile. The Redwood
River continues to flow in a northeasterly direction as it advances across the landscape once flattened
by glacial advance. As the river approaches the Minnesota River Valley, and the city of Redwood Falls,
the Redwood River descends an additional 100 feet over the course of approximately one mile;
cascading over granite ledges within Alexander Ramsey Park.

Figure 1. Light Detection and Ranging (LiDAR) imagery depicting the west to east slope of the
watershed’s landscape with the major and minor tributaries of the watershed identified.

Geology
Surficial Geology
The surficial geology of the Redwood River watershed, like many in the Minnesota River basin, was
greatly influenced by the advance of the Des Moines Lobe during the Wisconsin glaciation (i.e. roughly
14,000 years B.P.; Lusardi 1997). The glacial advance and retreat left behind a unique landscape that
varies in elevation and topography between the western and eastern portions of the watershed. Like
the topographic differences, the sedimentary association also differs between the western and eastern
portions. Supraglacial drift complexes are found in the west, atop the Coteau des Prairies, while
outwash cuts through primarily till plains in the middle and eastern portions (Figure 2).

Figure 2. Sedimentary association of the Redwood River watershed.

Soils
The Soil Survey Geographic database (SSURGO) identifies that much of the watershed’s soils are high in
organic matter (Figure 3). As the glacial retreat of the last ice age proceeded, a prairie ecotype
established itself (Figure 4). The soils left behind the glacier contrast in drainage class from one side of
the watershed to the other. In the western portion of the watershed, from atop the Coteau down to the
bottom of the large drop in elevation west of Marshall, the soils of the watershed are primarily well
drained. The eastern half of the watershed, where the glacial advance flattened the landscape, a
complex mixture of well and poorly drained soils exists (Figure 5).
Similar to many of the high organic soils found in southern Minnesota, the soils of the Redwood River
watershed are agriculturally productive. Due to the poor drainage classification of some soils,
particularly in the eastern portion of the watershed, expansive drainage complexes (i.e. private and
public drainage ditches, as well as county and private tile systems) were implemented to lower the
water table. The drainage of the landscape has thus reduced the number of seasonally saturated
meadows, wetlands, lakes (Figure 6), and impacted the overall organic matter within the soils of the
watershed.

Figure 3. Soil Survey Geographic database (SSURGO) map of soil organic matter within the Redwood
River watershed.

Figure 4. Marschner pre-settlement vegetation map of the Redwood River watershed.

Figure 5. Soil Survey Geographic database (SSURGO) depiction of soil drainage capacity within the
Redwood River watershed.

Figure 6. Index represents the proportion of the watershed that has been drained and converted out of
wetland coverage (WHAF). Higher scores (i.e. green) indicates less wetland loss, while lower scores (i.e.
yellow and orange) indicates more wetland loss.

Land Use
The Redwood River watershed was historically dominated by a prairie ecotype with numerous wet
prairie islands and complexes (Figure 4; Marschner pre-settlement map). After European settlement of
the landscape, efforts to drain the land for agricultural production began. Today, vast drainage systems
exist within the watershed and have drained many lakes, wetlands, and seasonally saturated soils
throughout the watershed. Currently land use is dominated by agriculture as 84.8% of the landscape is
used for agricultural production (Figure 7 and 8; CropScape). Corn and soybean production accounts for
73.8% of the land cover, small grain production accounts for 0.5% and other agricultural land uses
account for 10.5%. Open water and remaining wetlands cover roughly 7.2% of the land while
development covers 6.3%, and perennial vegetation accounts for 1.3%. Since the middle of the last
century, a significant decrease in total small grain acres harvested has occurred as a significant increase
in soybeans has occurred (Figure 9; NASS 2016).

Figure 7. 2018 land use data for the Redwood River watershed (CropScape).

Figure 8. 2018 land use data for the Redwood River watershed (CropScape).

Figure 9. The total number of acres harvested for each crop type farmed within the Redwood River
watershed. Crop acre numbers are represented by the acres of the three counties that make up the
majority of the Redwood watershed as a surrogate for general trends within the watershed.

High Value Resources
The Redwood River watershed falls within the prairie parkland ecological province, which means it is in
the part of Minnesota that was historically dominated by tallgrass prairie (MNDNR 2019a). It also lies
within two subsections. In the northeastern part it falls within the Minnesota River Prairie subsection,
which is split by the Minnesota River (MNDNR 2019a). The valley that the Minnesota River occupies was
created by Glacial River Warren, which drained Glacial Lake Agassiz (MNDNR 2019a). In the
southwestern part it falls within the Coteau Moraines, which have a steep escarpment that cascades
into lower elevations towards the Iowa border (MNDNR 2019b). This part of the Coteau is made up of
rolling moraine ridges (i.e. accumulations of dirt and rocks that are moved by glaciers and left behind
once the glacier retreats) and a series of end moraines (i.e. ridges of glacial till) which mark the farthest
reach of a glacier at a given point in time and appear as arced ridges on the landscape, marking where
the glacier stopped and then receded (MNDNR 2019b).
The Redwood River watershed has maintained some rare and unique species and habitats that primarily
occur in the western half of the watershed and are often associated with rivers and streams. The health
of these natural resources can be impacted by watershed activities, land-use changes, and hydrologic
changes. The following features occur within the Redwood watershed boundary:








Nineteen mapped native plant communities with 1 additional complex that includes a mix of
prairie and wetland habitat types.
Three designated calcareous fens: Island Lake 23-a, Island Lake 23-b, and Shelburne 22.
Two designated trout streams: one occurs along the Redwood River (Kittle Number: M-055-126)
and the other is Ramsey Creek (Kittle Number: M-055-126-001).
Thirty-three rare plant and animal species that are listed as threatened, endangered, or special
concern. This list includes state and federally listed species.
Redwood River (Kittle Number: M-055-126), Coon Creek (Kittle Number: M-055-126-050), Three
Mile Creek (Kittle Number: M-055-126-036), and Ramsey Creek (Kittle Number: M-055-126001).
Lakes of High Biological Significance: Coon Creek Marsh, Highpoint, Schrunk Slough, and 2
unnamed wetlands (DNR Hydro ID: 60464 and 70098) just to the east of Ruthton Marsh in
Murray County all contain high quality habitat that is used by waterfowl and migrating birds.
Lake Benton is also an important local resource for wildlife and recreation.

The Redwood River watershed retains a small percentage of its native systems. Integrating native
systems into our land and water use is extremely important for maintaining healthy, resilient
watersheds that are able to provide for current and future generations.

Rare Natural Resources
Rare features (Figure 10) contribute to the health of the habitat and environment that surrounds us.
Some even contribute directly to local economies in the form of recreation—including hunting and
fishing, wildlife viewing, canoeing and kayaking, and camping. The DNR has a statutory responsibility to
conserve rare features (Minnesota Stat. 84.0895). Rare features can include species of unique plants
and animals as well as native plant communities (habitats). Rare features are often key indicators of the
health of our environment. When they decline, it is usually a signal that a natural process or element is
not functioning well.

There are 9 endangered and threatened species documented in the Redwood River watershed (MNDNR
2018a). There are an additional 24 species that are in suspected decline and are listed as special
concern, species of greatest conservation need, or watch list species (MNDNR 2018a, Appendix I). These
species are often tied to native plant communities, which provide their primary habitat. In addition
other species rely on these communities to provide migration or normal travel corridors. When native
plant communities are converted to other uses or decline in quality, the species that use them can also
decline. In the Redwood River watershed there are clusters of rare species that primarily occur along
rivers and streams such as the Redwood River, Coon Creek, Three Mile Creek, and Ramsey Creek. The
majority of documented species are tied to upland prairie and grasslands, rock outcrops, or aquatic
habitats like rivers, lakes, streams, and marsh and fen wetlands. Maintaining upland and lowland
connections across the watershed is important for retaining these species and for achieving stream
stability and good water quality.
Three of the documented rare species are associated with calcareous fen habitats such as the three
designated calcareous fens in the Redwood River watershed: Island Lake 23-a, Island Lake 23-b, and
Shelburne 22 (MNDNR 2019c). Calcareous fens are rare and distinctive peat-accumulating wetlands.
They depend on a constant supply of upwelling groundwater rich in calcium and other minerals. This
calcium-rich environment supports highly diverse and unique rare plants that tolerate low oxygen
conditions, calcium carbonate deposits, low nutrient availability, and relatively cold organic soils (i.e.
peat)—the calcareous fen ecosystem. Because these types of wetlands are one of the rarest natural
communities in the United States, they are a specially protected resource in Minnesota (i.e. Minnesota
Wetlands Conservation Act, Minnesota Statutes, section 103G.222 - .2373 and Minnesota Rules, chapter
8420). Fens are connected to a larger groundwater system. They are good indicators of groundwater
sustainability, contribute to improved water quality and ecological diversity, and are an invaluable part
of Minnesota’s rich natural heritage. Once lost, these communities cannot be replaced. The Shelburne
22 fen is a prime example of the uniqueness of these communities as it occurs in a series of 8 mounded
pockets that are draped over the hillside—making it a true “wetland on a hill.”

Figure 10. Rare features, plants, communities, and protected lands within the Redwood River watershed.

Native Plant Communities
Native Plant Communities
Native Plant Communities (NPC) in
Minnesota have been assigned
conservation status ranks (S-ranks)
that reflect their risk of elimination
from the state. There are five ranks
that are determined using
methodology developed by the
conservation organization
NatureServe and its member
natural heritage programs in North
America. Ranks in Minnesota are
based on information compiled by
DNR ecologists.

A native plant community (NPC) is a group of native plants that
interact with each other and with their environment in ways
not greatly altered by modern human activity or by introduced
organisms (MNDNR 2018b). These groups of native plant
species form recognizable units, such as prairies, rock
outcrops, deciduous forest, rivers, and streams. The Redwood
River watershed has lost many of its native plant communities
(Figure 11) so those that remain are a high priority for
preservation in order to achieve watershed health, which is
directly connected to our own health and well-being. Dry and
mesic prairies are the dominant native plant communities that
remain. Wet prairies and rock outcrops make up a smaller
percentage, but also persist on the landscape. Of those still
present on the landscape, all are considered critically
imperiled, imperiled, or vulnerable to extirpation.

Figure 11. Native plant community systems within the Redwood River watershed.

Connections to the Watershed
Connections between wildlife species, native plant communities, lakes and wetland features are many
and often complex. In order to conserve these features, a tiered approach should be used—preserving
native communities, restoration and enhancement to create larger habitat networks, and incorporating
best management practices such as soil health into the agricultural landscape. All three tiers can be
implemented at the same time and focusing on these three levels of restoration and protection
strategies maximizes our conservation benefits. Remaining clusters of rare or sensitive natural features
helps maintain high quality habitat while their scarcity elsewhere in the watershed signal the need for
restoration or adaptive management. Maintaining and restoring biological diversity, abundance, and
resiliency is a component of integrated watershed health. The more diverse an area is, the better
chance it has at long-term health and self-sustainability. Over the years, there will be variations in
invasive species pressure, soil conditions, and climate such as extreme drought or extreme moisture.
Having a diversity of communities and species ensures that more of these will become
established/adapted to these extremes and can therefore meet the ebb and flow of change.

The Redwood River watershed has concentrations of high value ecological features that primarily occur
in the western part of the watershed along the Redwood River and its tributaries, Coon Creek, and Three
Mile Creek. The watershed falls within three important bird areas: The Prairie Coteau Complex in the
west and the Upper Minnesota River Valley Important Bird Area in the east (Audubon 2019a, Audubon
2019b). There are three prairie core areas within the watershed where the goal is to connect existing
prairie and wetland habitats and restore others to build a resilient habitat complex under the Minnesota
Prairie Conservation Plan. The largest is the Camden-Prairie Marshes in the middle of the western
portion, followed by Hole-in-the-Mountain also in the far western reaches and the Upper Minnesota
River Valley in the far eastern portion of the watershed. These areas are also identified as priority
habitat networks in the Minnesota Wildlife Action Plan (2015-2025). All of these places are hot spots in
terms of conservation potential. Figure 90 at the end of the report shows opportunities to create a
connected corridor of native and restored plant communities building off of the existing protected
lands: Big Stone Wetland Management District, Prairie Marshes Wildlife Management Area (WMA), RIM
easements along the trout stream section of the Redwood River, Coon Creek, Green Valley WMA, Phyllis
Voosen WMA, and many smaller parcels of protected land along the Redwood River corridor. These
communities, which include priority fish and wildlife habitat areas, wetland/upland complexes, and
natural areas not only provide quality habitat, but also sequester carbon, provide a home for rare and
game species, contribute to clean water, and offer many recreational opportunities.

Aquatic Invasive Species

Figure 12. Locations of aquatic invasive species within the watershed.

Study Background
The Minnesota Pollution Control Agency (MPCA) initiated the Intensive Watershed Monitoring (IWM)
process for the Redwood River watershed in 2017 to assess the overall health of the watershed and
identify areas for restoration and protection efforts. The MPCA and Minnesota Department of Natural
Resources (MNDNR) use a five component “healthy watershed” framework to understand and describe
how complex ecological systems are functioning. The five components of a healthy watershed consist of
hydrology, geomorphology, connectivity, water quality, and biology (Figure 13). Within this five
component framework, the MPCA is charged with assessing the biology and water quality components.
The MNDNR thus analyzes the current and historical hydrology trends of the watershed, assesses the
fluvial geomorphology and stability of rivers and streams within the system, and investigates
connectivity (i.e., longitudinal, lateral, and riparian). All of the components are interrelated, and the
disruption of any of them can result in undesirable results deeming the stream impaired for one or more
condition.
Once all of the components have been assessed, the MPCA completes a stressor identification (SID)
document to show what stressors are causing listed impairments within each Assessment Unit ID
(AUID). The SID document is one component to help develop Watershed Restoration and Protection
Strategies (WRAPS); a report summarizing the water quality monitoring and assessment, pollutant and
stressor source identification, civic engagement and public participation, and restoration and protection
strategy development. Ultimately, WRAPS can be used to inform local plans and guide conservation
work within the watershed.

Figure 13. Five components of a healthy watershed. All components are interrelated; a disruption of any
one of the components can have an effect on the rest of the components.

Hydrology
Hydrologic conditions (e.g., precipitation, runoff, storage, and annual water yield) and the disturbance of
natural pathways (e.g., tiling, ditching, land use changes, and loss of water storage) has become the
driver of many impairments in other Minnesota watersheds (MPCA 2012). These disturbances coupled
with an increase in precipitation (i.e., total, frequency, and magnitude) have resulted in issues with:
increased bank erosion, excess sediment, habitat degradation, and disturbance of natural flow regime.
Hydrologic modification is the alteration or addition of water pathways and associated changes in
volume by human activity. Those modifications can dramatically alter discharge due to changes in
volume, timing, connectivity, or flow rates, particularly if the area was not a flow pathway in the past.
The types of hydrologic modifications are vast, including the draining and filling of wetlands and lakes,
ditching or draining formerly hydrologically disconnected basins, adding impervious surfaces across the
basin, increasing drainage for increased transport of water (i.e., in urban and agricultural areas),
straightening or constricting a natural flow path or river, and changing the timing and rate of delivery
within the hydrologic system. Any increase in stream power (e.g., due to change in peak flows or
increased frequency of bankfull flows) will generate an increase in water yield (Lane 1995). Reduced
surface storage, increased conveyance, increased effective drainage area along with the recent
transition to a two crop rotation (i.e. corn and soybeans) supporting soybeans over perennial grasses
and small grains have all altered the dynamics of, and generally increased the annual water discharge
from, these watersheds while also dramatically altering the return interval for various flow stages
(Schottler 2014).
In extensively drained landscapes, such as the agricultural Midwest of the United States, the connection
of isolated basins has inflated total surface water discharge and increased the density of linear drainage
networks (Ter Haar & Herricks 1989, Hitjema 1995, Magner et al. 2004). Many streams in the region are
in disequilibrium due to past and current land-use change with corresponding hydrologic responses, as
well as direct channel modifications (Lenhart 2007).
These modifications have not occurred at a constant rate, but in episodes or events, such as
construction of the public drainage system from 1912-1920 (Lenhart 2007, 2008) and continue today
through repair, upgrade, and increased amount of impervious surfaces and subsurface drainage.
Construction of subsurface tile and surface ditch drainage systems in the early 1990s increased
contributing drainage areas, resulting in greater amounts of water delivered to rivers (Leach and Magner
1992, Kuehner 2004, Lenhart 2008). The effects of these suites of changes are cumulative, interrelated,
and tend to compound across different spatial and temporal scales (Spaling & Smit 1995, Aadland et al.
2005, Blann et al. 2009). The contribution of subsurface drainage to aquatic ecosystem affects may be
difficult to isolate relative to other agricultural impacts (Blann et al. 2009). Cumulatively, these changes
in hydrology, geomorphology, nutrient cycling, and sediment dynamics have had profound implications
for aquatic ecosystems and biodiversity (Blann et al. 2009)
The hydrologic analysis found in this report focuses on surface-water components of the hydrologic
cycle, rainfall-runoff relationships, open-channel flow, flood hydrology, and statistical and probabilistic
methods in hydrology. Furthermore, some analysis of groundwater and watershed appropriations are
summarized.

Connectivity
Connectivity is defined as the maintenance of lateral, longitudinal, and vertical pathways for biological,
hydrological, and physical processes within a river system (Annear 2004). Connectivity is thus the water
mediated transfer of energy, materials, and organisms across the hydrological landscape (Pringle 2003).
The transport of these integral components within a river travel in four dimensions: longitudinal,
upstream and downstream; lateral, channel to floodplain; vertical, hyporheic to groundwater zones; and
temporal, continuity of transport over time (Annear 2004; Figure 14). Due to the objectives of this
study, vertical connectivity was not directly assessed.
Longitudinal connectivity of flowing surface waters is of the utmost importance to fish species. Many
fish species life histories employ seasonal migrations for reproduction or overwintering. Physical
barriers such as dams, waterfalls, perched culverts, and other instream structures disrupt longitudinal
connectivity and often impede seasonal fish migrations. Disrupted migration not only holds the capacity
to alter reproduction of fish, it also impacts mussel species that utilize fish movement to disperse their
offspring. Structures, such as dams, have been shown to reduce species richness of systems, while also
increasing abundance of tolerant or undesirable species (Winston et al. 1991, Santucci et al. 2005,
Slawski et al. 2008).

Figure 14. Three spatial dimensions of connectivity: longitudinal (red), lateral (green), and riparian
(orange). Dams and bridges are two of several structures that disrupt each of these three dimensions of
connectivity. Rapidan Dam, Blue Earth River image courtesy of Google Earth 2014.

Two practices commonly implemented within the Redwood River watershed, and other southwestern
Minnesota tributaries to the Minnesota River, are low head dams and road retention structures. Dams
and road retention structures within these watersheds are typically placed in medium to high gradient
headwater streams with defined valleys. The goal of road retention structures are to impound water
upstream of road crossings for 24-72 hours in an effort to ‘meter’ out flow through a small diameter
culvert. Road retention structures are designed with large downstream scour pools in order to dissipate
the energy of the water coming through the culvert, however the velocity of flow through the culvert
and the scour pool downstream can both impede fish passage.
Within watersheds that have fish barriers, the only source of fish community replenishment after an
event such as a drought, is local upstream lakes. Because lakes are the only refuge habitat, it can be
expected that only fish that thrive in lake environments (e.g. fathead minnow Pimephales promelas) will
be sampled upstream of such barriers. Many lake dwelling species, however, are typically less desirable
species when calculating a stream’s Index of Biotic Integrity (IBI).
Longitudinal connectivity of a system’s immediate riparian corridor is an integral component within a
healthy watershed that promotes the free movement of aquatic and terrestrial species both up and
down stream. Continuous corridors of high quality riparian vegetation work to sustain stream stability
and play an important role in energy input and light penetration to surface waters. Lateral riparian
connectivity provides habitat for terrestrial species as well as spawning and refuge habitat for fish during
periods of flooding and represents one of the most significant attributes for maintaining stream stability.
Improperly sized bridges and culverts hinder the role of longitudinal riparian connectivity as they reduce
localized floodplain access, disrupt streambank vegetation, create impassable flow velocities, stand as
tunnel lengths that restrict species movement, reduce or eliminate natural migration pathways for
terrestrial and aquatic organisms, and cause streambed and floodplain aggradation upstream and
streambed degradation or aggradation downstream.
Lateral connectivity represents the connection between a river and its floodplain. The dynamic
relationship amongst terrestrial and aquatic components of a river’s floodplain ecosystem comprises a
spatially complex and interconnected environment (Ickes et al. 2005). The degree to which lateral
connectivity exists in both a time-dependent phenomenon (Tockner et al. 1999) and dependent upon
the physical structure of the channel. Stable river systems are hydrologically dynamic systems where
their floodplain inundation relates to prevailing hydrologic conditions throughout the seasons. Riverine
species have evolved life history characteristics that exploit flood pulses for migration and reproduction
based on those seasonally predictable hydrologic conditions that allow systems to access their
floodplains (Welcomme 1979, McKeown 1984, Scheimer 2000). When a river system degrades to a
point where it can no longer access its floodplain, the system’s capacity to dissipate hydrologic energy is
lost. Without adequate dissipation of hydrologic energy through floodplain access, the hydrologic shear
stress on streambanks and streambed increase. Increasing shear stress within the channel causes the
channel to widen or streambed to scour, depending upon which feature has the lowest shear strength
based upon the materials the feature is comprised of. Channel widening or channel incision driven by
this hydrologic shear reduces channel stability and decreases effective bedload transport capacity.
Reduced bedload transport capacity causes aggradation of the streambed, leads to the loss of important
aquatic habitat, increases water temperature, lowers oxygen levels, and leaves smaller and less diverse
bed materials that in turn reduce biotic integrity of the aquatic and terrestrial communities in the
system.

Geomorphology
Fluvial geomorphology pertains to the way land has formed and continues to form by flowing water
(Leopold et al. 1964). The principle methods utilized in this study to describe the geomorphology of the
watershed follow the Rosgen (1994) classification system (Figure 15). Within the Rosgen classification
system, the dimension, pattern, and profile of a stream are measured through the use of dimensionless
ratios in order to classify the stream regardless of its size (Table 1). Boundary conditions [i.e. valley type
(Table 2)] of stream type are also documented as they can strongly influence channel evolution.
Subsequently, measurements such as bank height ratio, erosion rate, and sediment competence are
used to assess whether the channel is in a stable or transitional state (i.e. evolving to or from a disturbed
channel type).
Equilibrium and river stability are terms that are often used interchangeably within the context of
geomorphology. River stability is defined as a river’s ability, in the present climate, to transport the
flows and sediment of its watershed, over time, in such a manner that that channel maintains its
dimension, pattern, and profile without either aggrading or degrading (Rosgen 1996, 2001a, 2006).
When components of a healthy watershed are disturbed, successional changes in rivers occur in order to
adjust to the new conditions. Typically, these adjustments impact habitat and water quality due to an
imbalance of sediment and bedload supply and transport that results in biotic and turbidity
impairments.

Figure 15. Measurements used to classify a representative stream reach. Once measurements of
entrenchment, bankfull width to depth ratio (w/d ratio), sinuosity, and slope at a riffle cross section have
been established, a conclusion on stream type can be made. Additional measurements are taken to
determine whether the stream is stable within its current state or if it is in a successional state to adapt
to its current climate, hydrology, and land use (Rosgen 1997).

Table 1. Dimension, pattern, and profile measurements used within the Rosgen methodology for channel
classification.

Table 2. Valley type descriptions with stable and unstable stream types exhibited (from Rosgen 2014).

Methods
Hydrology
In order to understand and evaluate the hydrologic processes within a watershed, several types of
analysis are used to examine the relationships between flow (i.e. discharge) and precipitation. Ground
water levels and usage over time was also reviewed. The analysis methods can evaluate and measure
changes within a system by reviewing statistical variations and trends over time.
Redwood River HUC-8 Watershed = 705.1 sq. mi. (Figure 16).








Full (entire watershed minus Ramsey Creek) – USGS Stream gage 05316500 Redwood River near
Redwood Falls, MN = 623.92 sq. mi.
o

Period of Record – 7/1/1909 - Present

o

Missing Data – Seasonal gage: 1909-1914 & 1930-1935; 1914-1930

Upper – USGS Streamgage 05315000 Redwood River near Marshall, MN = 258.97 sq. mi.
o

Period of Record – 4/1/1940 – Present

o

Missing Data – None

Lower – Redwood River watershed between Marshall and Redwood Falls gages = 364.94 sq. mi.
o

Flow record is the difference between discharge at the Redwood Falls and Marshall gages,
so the intersecting period of record (4/1/1940 - Present) corresponds to the Marshall gage.

o

Missing Data – None

Ungaged Watershed = 75.33 sq. mi.
o

The majority of the ungaged watershed area—66.61 sq. mi. or 88.41%—is in the Ramsey
Creek HUC-10 watershed.

Figure 16. Redwood River watershed split into ‘upper’ and ‘lower’ watersheds based on the gage at
Marshall, MN and Redwood Falls, MN in order to compare and contrast hydrologic conditions of the two
subwatersheds.

Land Cover
NRCS Land Capability Classification data from the SSURGO database were utilized to define land suitable
for cultivation (Class I-IV) in the portion of each county in the watershed and the entirety of each county
within the watershed. Further, GIS geoprocessing tools were used to remove overlaps between arable
land and Type 3-5 wetlands, which are those most likely to be unaffected by artificial drainage due to a
myriad of regulatory protections. The resulting percentage was multiplied by NASS county-level data for
acres of corn, soybeans, wheat/oats (small grains), and hay/alfalfa to determine the approximate
amount of each crop type in the watershed on an annual basis.
Data for acres planted were prioritized because they more accurately reflect true land cover impacts.
Although harvested acreage may be markedly less during a given year due to several variables,
particularly intra-yearly weather events, those data were used in years preceding the availability of
figures for planted acreage.

Wetlands
The U.S. Fish & Wildlife Service’s most recent iteration of the National Wetlands Inventory (NWI) was
utilized to determine the extent of Type 2-8 wetlands within the upper and lower watersheds. Type 1

wetlands, which include seasonally flooded basins and floodplains, were excluded from analyses
because they are often affected by artificial drainage in the cropland areas where they are most typically
found on the current landscape and, as a result, provide no or extremely temporary water storage.
Additionally, wetlands with an “hgm_desc” category of “Lotic Stream Throughflow” in the NWI layer’s
GIS attribute table were removed because, upon review, they mostly represented reaches of
channelized watercourse within the watershed.

Precipitation
Gridded monthly precipitation data for the full, upper, and lower watersheds were obtained from
Minnesota State Climatology Office personnel and used to analyze annual and seasonal trends. Grids
were prepared using National Weather Service (NWS) long-term weather monitoring station data from
1890-1972 and the aforementioned data plus High Spatial Density Precipitation Network (HIDEN) data
from 1973 through 2019.
According to the Minnesota State Climatology Office: “For each month of each year, monthly
precipitation totals are estimated for grid nodes at regularly spaced (10 kilometers) intervals. The
estimates are derived using an interpolation technique called "Kriging", which makes use of the
irregularly spaced data in the vicinity of the node to assign it a value. This way, all precipitation data
provided by a volunteer observer, be it one month or one hundred months, are fully utilized in the
creation of a data time-series. A precipitation total is calculated for every grid node, for every month.
There will never be a missing value. Once the grids are created, the calculation of long-term summary
statistics such as normal values and percentiles can be performed on each grid node.”

Stream Flow
Mean daily, monthly, annual, and annual instantaneous peak discharge data were used to evaluate
streamflow trends for USGS gages 05316500 Redwood River near Redwood Falls, MN (“full” watershed)
and 05315000 Redwood River near Marshall, MN (“upper” watershed). Select discharge data were used
to synthesize a streamflow record for the “lower” watershed—defined as the watershed downstream of
the Marshall gage and upstream of the Redwood Falls gage—to facilitate comparison with the upper
watershed.
Numerous tools, metrics, and statistical methodologies were used to ascertain if changepoints existed in
select discharge data. If more than one unique changepoint was identified, a weight-of-evidence
approach was utilized for evaluation and inclusion of the information in further analyses.

Groundwater Usage
Permitted groundwater usage was reviewed to examine changes in type of usage and volume over time.
Data was collected through the Minnesota Permitting and Reporting System (MPARS) and used to
review total volume appropriated, volume appropriated by county, aquifer type, and well level
fluctuations relative to precipitation. Observation well data was also used to examine groundwater
trends, and potential ground/surface water interaction when data was available.

Connectivity
Longitudinal Connectivity
Longitudinal connectivity within the Redwood River watershed was assessed through the use of desktop
reconnaissance tools. ArcMap, Geographic Names Information System (GNIS), Watershed Health
Assessment Framework (WHAF), National Inventory of Dams (NID), MNDNR’s dam safety records, and
Minnesota Department of Transportation’s (MNDOT) bridges and culverts inventory were utilized to
assess longitudinal connectivity. Because MNDOT’s culvert inventories do not document whether
individual structures are perched, dams were the only barriers with adequate data to analyze continuity
within the surface waters of the Redwood River watershed.
Similarly, the same tools were used to assess longitudinal connectivity of riparian corridors throughout
the watershed. Bridges and culverts were divided within the watershed, and amongst subwatersheds,
to assess abundance and density (i.e., bridges and culverts/mi2).
Furthermore, riparian corridor and habitat quality was qualitatively assessed at each geomorphology
survey site. Vegetation type, root depth, root density, and weighted root density [i.e., (root depth/study
bank height) * root density] were all measured and documented. Information gathered was later used
in site-specific assessment of stream stability and potential of sediment supply through bank erosion.

Lateral Connectivity
Flood-prone area (i.e. active floodplain) is defined as the area adjacent to the stream channel that is
under water in flow events that are 2x maximum bankfull depth at the riffle cross section (Rosgen 1996,
2006). Bankfull, in the context of this report, refers to the normal high water flow; typically relating to
~1.5 year return interval flow (i.e. channel forming flow). Field surveys are required to calibrate bankfull
elevations at a riffle within a study reach, as well as determine flood-prone elevation. Due to the need
for field surveys to acquire bankfull and flood-prone elevations, only geomorphology sites were
subjected to lateral connectivity analysis. Light Detection and Ranging (LiDAR) imagery digital elevation
models (DEMs) were used in conjunction with surveyed elevations to determine flood-prone width at
sites with particularly wide flood-prone areas.
Channel incision is the process of the lowering of the local base level of a channel (Rosgen 2014). The
degree to which a channel is incised is measured by the bank-height ratio (BHR; lowest bank height
divided by bankfull maximum depth). A BHR of one indicates that the low bank height is the bankfull
height, ratios higher than one indicated a degree of incision. Degree of incision is categorized as stable
(i.e. 1-1.1), slightly incised (i.e. 1.1-1.3), moderately incised (i.e. 1.3-1.5), and deeply incised [i.e. 1.5-2
(Rosgen 2014)]. The degree of incision is a strong factor in lateral connectivity, however, the categories
detail the relative degree of incision and not whether the channel has disconnected from its floodplain.
Channels that are categorized as deeply incised may still have lateral connectivity to their floodplain, just
at flows higher than those relative to the bankfull and low bank heights. As the degree of incision
increases, higher flows are contained within the channel, increasing shear stress within the channel.

Geomorphology
Field Methods
Site selection worked to fulfill several objectives set forth through multi-level coordination that included
the MNDNR, MPCA, and Local Government Units (LGU). Sites were selected based on their capacity to
identify specific stressors and investigate impairments, represent various channel and valley types found
within the watershed’s geology, depict stable and unstable stream reaches, and represent channels of
varying slopes (i.e. sites stratified across watershed).
At each survey site elevation data was collected to characterize the dimension, pattern, and profile of
the reach. At sites with minimal or no canopy cover, a Trimble R10 Global Positioning System (GPS)
grade surveying receiver was used to calculate elevations based on distance and angle from multiple
satellites; data that is then corrected through a signal from a local base station. At sites where canopy
cover hampered the ability of the R10 to connect with multiple satellites, a Trimble S3 total station was
used to measure elevation.
In order to characterize the dimension, pattern, and profile of each reach, methods consistent with
those taught by Wildland Hydrology were employed. A longitudinal profile of at least 20x bankfull width
in length was surveyed. Longitudinal profiles consist of thalweg (i.e., deepest portion of the channel),
water surface, bankfull, and low bank height (i.e., actual “floodplain if located above bankfull) elevations
throughout the reach. Those elevations incorporate water slope, bankfull slope, channel bed features
(e.g., pool, riffle, glide, run), and rate of incision (i.e., low bank height/bankfull height; if greater than 1).
These data are necessary to help classify the stream through use of the Rosgen (1994) stream
classification system.
Surveying at each site also included a riffle cross section that allowed for the analysis of width-to-depth
ratio (i.e., bankfull width/average bankfull depth), entrenchment ratio (i.e., flood-prone width/bankfull
width), flood-prone width, bankfull cross-sectional area, and to calibrate bankfull elevations for the
reach. Cross sections were started on the left bank (facing downstream) and elevations were surveyed
to include all changes in slope across the channel. Starting and ending points for cross sections were
positioned so that flood-prone width and entrenchment ratio could be calculated from the data.
Generally, a second cross section was surveyed and monumented within the study reach. Methods used
were similar to the methods used for surveying riffle cross sections; however, benchmarks (i.e. rebar
posts) were placed at the start and end of the cross sections to allow for annual resurveys and
assessment of change over time. Furthermore, a toe pin was placed at the base of a study bank where
three pins were driven horizontally into the bank face. The toe pin at each study bank serves as the
starting point for the bank survey, whereas the benchmark on top of the bank serves as the ending
point. The placement of these benchmarks allows for annual bank erosion assessment, where exposed
portions of the horizontal banks pins are used to help validate measured versus modeled bank erosion.
The Bank Assessment for Non-point source Consequences of Sediment (BANCS) model is a combination
of the Bank Erosion Hazard Index (BEHI) and Near-Bank Shear-stress (NBS) utilized to predict annual
sediment inputs from a specific bank. Bank Erosion Hazard Index and NBS methods developed by
Wildland Hydrology (Rosgen 2001b) were employed to estimate bank erosion at the study bank, as well
as other models: Colorado, Yellowstone, and North Carolina models. Modeled estimates varied with
actual erosion rates after one year of study, therefore, the Colorado model was used for all sites in order

to standardize the data. Since the model was developed in Yellowstone, measured bank erosion at each
site will help develop a regional model for southern Minnesota rivers, which is currently in development.
Within each study reach, 100 active stream bed particles were measured (i.e. pebble counts) throughout
the reach (for classification; Wolman 1954, Rosgen 2012) and 100 particles were measured through the
riffle cross section (for hydraulic analysis, Rosgen 2012). The D50 particle (i.e. 50% of particles are
smaller than the D50 particle) in the representative pebble count helps to classify the reach. For
example, a C4 stream is a C channel type with a reach D50 particle representing gravel substrate. The D84
particle in the riffle cross section is used to calculate roughness coefficients and bankfull discharge
estimation.
At the completion of surveying at each study reach, a modified Pfankuch stability rating was conducted.
The Pfankuch stability rating is a qualitative assessment predicting stability of the representative
channel based on upper, middle, and lower banks, and channel characteristics (Pfankuch 1975, Rosgen
1996, Rosgen 2001c). After each metric is scored a final score is calculated and an adjective rating is
given (i.e., poor, fair, or good) based on the stream type for the respective study reach.

Office Methods
Office methods for the analysis of survey elevation data utilized the RIVERMorph Professional, version
5.2 software; developed by Stantec. RIVERMorph was used to develop cross sections, longitudinal
profiles, dimensional and dimensionless ratios, and other graphs that were subsequently used to help
classify the channel type of respective study reaches. Other measures of pattern, profile, and dimension
such as radius of curvature, stream meander length, belt width, sinuosity, and linear wavelength were
measured within RIVERMorph’s geographic information system (GIS) tool.
ArcMap was another GIS tool used to investigate study reach characteristics. LiDAR data was used in
correlation with ArcMap to create valley cross sections at study reaches in order to confirm valley type.
Valley type defines boundary conditions of stream channels and helps to understand lateral
confinement. LiDAR was also used to assess local slope, stream power, terrain analysis, and locate
historical depressional areas. ArcMap was also used in correlation with aerial photography to further
assess lateral confinement and stability. Historical aerial photos from 1991 were used to develop
stream line shapefiles that were later overlaid upon current aerial photographs (e.g., 2013 and 2015).
This allowed for the assessment of lateral stability as well as changes in radius of curvature, stream
meander length, belt width, sinuosity, linear wavelength, and dimensional changes such as channel
widening over the last 20 years.
Bankfull elevations (i.e. ~1.5 year discharge return interval) are integral measurements taken during
field surveys. Using RIVERMorph, predicted bankfull discharge was calculated through the assessment
of water slopes and roughness coefficients. The USGS StreamStats tool was then used to validate
bankfull calls made during field surveys (Lorenz et al. 2009). StreamStats provided drainage area and
the predicted flows, with confidence estimates, for catchments upstream of study reaches. Validation
of bankfull field survey calls were attained when bankfull discharge predictions aligned with ~1.5 year
discharge return intervals calculated by StreamStats.
Regional curves (Appendix II) were another tool used to help validate field survey bankfull elevation
calls. Regional curves graphically depict the mathematical relationships that exist amongst drainage
area and bankfull dimensions of width, depth, and cross-sectional area (Smith and Turrini-Smith 1999).

Although, regional curves are currently under development for south-central Minnesota, the
information was still helpful to validate relationships between cross sectional area and drainage area.
Regional curves correlate a variety of variables, however, the most commonly used set of variables are
cross sectional area and drainage area. Though other factors such as slope and channel type can affect
how close a site is compared to predicted cross sectional area, often the regional curve provides a
strong estimate of what the cross sectional area of a riffle cross section should be based on drainage
area. Development of the curves is regionally based as many factors can affect the dimension of the
channel (e.g., precipitation, runoff potential, local geology, local storage capacity, etc.).

Results
Hydrology
Land Use
Major crop type cover by percent area for the watershed encompassed by the Redwood River near
Redwood Falls stream gage (i.e. “full” watershed) exhibited one primary trend from approximately
1940-2000: expansion of corn and soybean acreage and coincident reduction of small grain (i.e. wheat
and oat) and hay/alfalfa acreage (Figure 17). Although the cropland cover trend accounts for
approximately 35% of the expansion in corn and soybean acreage, additional land cover conversion (i.e.
most notably in the form of perennial grassland and wetland loss) may explain the remaining 10-15%
increase. Overall these trends have important implications for seasonal evapotranspiration, soil cover,
infiltration, water storage, and the precipitation-runoff response.
The percent area of major crop type cover in two smaller subwatersheds within the greater Redwood
River near Redwood Falls stream gage watershed was analyzed to determine if differences existed
between the two. The two subwatersheds were designated as the “upper,” represented by the
watershed upstream of the Redwood River near Marshall streamgage; and the “lower,” represented by
the watershed between the Marshall and Redwood Falls gages. The percentage of corn by area in each
watershed fluctuated between 20-25% in the upper, and 25-30% in the lower, from the early 1920s to
the early 1940s. From that point it slowly climbed over time by a total of roughly 15% in each watershed
to approximately 35% and 40% in 2018 in the upper and lower, respectively (Figure 18).
Soybeans comprised an extremely small percentage by area in each watershed from the early 1940s to
the early 1950s, at which time substantial expansion commenced in both watersheds and continued
unabated over roughly the next 45 years. The continued expansion resulted in approximately 30% and
35% increases for the upper and lower watersheds, respectively (Figure 19). The combined percentage
of corn and soybeans by area in each watershed increased steadily from roughly 1940 to 2000. An
increase from roughly 20-25% to 65% in the upper watershed, and from approximately 25-30% to 80%
in the lower. Trends before and after that time period were relatively flat (Figure 20).

Figure 17. Major crop type within the Redwood River watershed exhibited a primary trend of increasing
corn and soybean acres and decreasing alfalfa, hay, and small grain acres.

Figure 18. Proportion of watershed area in the upper and lower watershed comprised of corn acres.

Figure 19. Proportion of watershed area in the upper and lower watershed comprised of soybean acres.

Figure 20. Combined percentage of corn and soybeans by area in each watershed increased steadily
from about 1940-2019.

With the exception of a brief spike in the mid-to-late 1970s, the percentage of wheat and oats by area in
each watershed has steadily declined since mid-1920s peaks. The peak area was found to be
approximately 25% in the upper watershed and 30% for the lower watersheds. The decrease in small
grains area was first accelerated by the steady expansion of corn acreage, and then by the substantial
increase in soybean acreage (Figure 21). The percentage of wheat and oats in the watershed has been
below 5% since the early 1990s. The total difference for the percent of watershed covered by a given
major crop type was analyzed to examine differences between the upper and lower watersheds. For
example, the combined corn/soybean difference (i.e. which is the percentage of watershed covered by
corn and soybeans in the lower watershed minus the upper) increased sharply from approximately
1940-1980, declined and recovered by roughly 10% over the following decade, and from there fell to a
total of approximately 10% by 2018 (Figure 22). With the exception of a brief spike in the mid-1930s the
difference between wheat/oats and hay/alfalfa has not exceeded 5%.

Figure 21. The percentage of wheat and oats by area in each watershed has steadily declined since mid1920s peaks.

Figure 22. NASS crop acreage difference for the Redwood River watershed between 1921 and 2019.

Wetlands
The upper watershed has a substantially greater percentage of Type 2-7 wetlands by watershed area
than the lower (i.e. 7.36% versus 2.29%) particularly Types 3 and 5 (Figures 23-25). No Type 8 wetlands
were identified in either watershed.

Figure 23. Proportion of wetland area by type within the upper and lower watersheds of the Redwood
River watershed.

Figure 24. Spatial location of wetland areas within the upper watershed of the Redwood River
watershed (NWI).

Figure 25. Spatial location of wetland areas within the lower watershed of the Redwood River watershed
(NWI).

Combined Precipitation and Streamflow Results
Statistical analyses were performed on the majority of streamflow metrics in the Indicators of
Hydrologic Alteration (IHA) for Minnesota Stream Gages tool. The period of record analyzed for both
gages was 1941-2017 to correspond with the overlapping, approved mean daily discharge record at the
time the analyses were completed. For the 24 relevant metrics that had a distinct changepoint for the
Redwood Falls gage the average year was 1981, and for the 22 relevant metrics for the Marshall gage
the average year was 1982.
The U.S. Army Corps of Engineer’s Nonstationarity Detection Tool, and the numerous statistical
methodologies it employs, was used to determine if non-homogenous record existed in annual
instantaneous peak discharge data. The period of record analyzed for both gages was 1940-2014 to
correspond with available, overlapping data. The most frequent changepoint year identified for the
Redwood Falls and Marshall gages was 1973 and 1982, respectively, though neither was considered
statistically significant.
The USGS’s double-mass curve methodology for annual effective precipitation and discharge was used
to ascertain if changes had occurred in the precipitation-runoff relationship. The significance of doublemass curve breaks were evaluated using an analysis-of-variance F test. The period of record used for the
Redwood Falls gage was water years 1936-2018, and for the Marshall gage was water years 1941-2018.
The highest statistically-significant F test score for both the Redwood Falls and Marshall gage
corresponded to 2009.
Hydrologic persistence—the tendency for high flows to follow high flows, and for low flows to follow
low flows—was evaluated by examining cumulative departure from average annual runoff volume. The
period of record used for the Redwood Falls gage was 1936-2017, and for the Marshall gage was 19412017. The changepoint, which corresponded to the lowest cumulative departure value, was 1981 for
the Redwood Falls gage and 1982 for the Marshall gage.
Using a weight-of-evidence approach to consider the results of the above analyses, it was determined
that a changepoint of 1982 would be used for further evaluation of streamflow trends for both gages.
The “pre” period corresponds to the period of record for each gage through 1981, and the “post” period
corresponds to the period of record from 1982 onward.

Precipitation
Average annual precipitation from 1890-2019 in the watershed encompassed by the Redwood River
near Redwood Falls streamgage (i.e. “full” watershed) was 25.47 inches, with 90th and 10th percentile
values of 32.45 inches and 19.31 inches, respectively. For the same gage, the average annual
precipitation for 1890-1981 was 24.14 inches, and from 1982-2019 was 28.69 inches (Figure 26). In the
upper watershed, the average annual precipitation from 1890-2019 was 25.30 inches, with 90th and 10th
percentile values of 32.25 inches and 18.37 inches. For the same upper watershed the average annual
precipitation from 1890-1981 was 23.84 inches, and from 1982-2019 was 28.83 inches (Figure 27). In
the lower watershed, the average annual precipitation from 1890-2019 was 25.61 inches, with 90th and
10th percentile values of 33.13 inches and 19.35 inches; and the average annual precipitation from 18901981 was 24.40 inches, and from 1982-2019 was 28.56 inches (Figure 28).

Figure 26. Annual precipitation trend analysis for the full Redwood River watershed.

Figure 27. Annual precipitation trends for the upper watershed within the Redwood River watershed.

Figure 28. Annual precipitation trends within the lower watershed of the Redwood River watershed.
Precipitation in the full watershed did not significantly vary when analyzed as a seasonal percentage of
the annual total between 1890-1981 and 1982-2019 (Figure 29). There was a minor decrease of 2.53%
in the summer and slight increases in the fall, winter, and spring. Total precipitation increased across all
seasons between 1890-1981 and 1982-2019, most notably by 1.51 inches (29%) in the fall and 1.37
inches (20%) in the spring (Figure 30).
There were several noteworthy trends for seasonal precipitation as a percentage of annual precipitation
in the upper and lower watersheds between 1890-1981 and 1982-2019: (1) the percentage of fall
precipitation increased in both watersheds, including by 2.37% in the lower, (2) the percentage of
summer precipitation decreased in both watersheds, including by 3.07% in the upper; and (3) the
percentage of spring and winter precipitation slightly increased in the upper and slightly decreased in
the lower (Figure 31). Total precipitation increased across all seasons for the upper and lower
watersheds, with substantial increases of 1.61 inches (24%) in the spring and 0.7 inches (39%) in the
winter in the upper and 1.45 inches (27%) and 1.57 inches (30%) in the upper and lower, respectively, in
the fall (Figure 32).
Growing season precipitation between 1890-1981 and 1982-2019 was analyzed by dividing it into early
(i.e. April-May), middle (i.e. June-July), and late (i.e. August-September) phases for the full, upper, and
lower watersheds. Early and late phase precipitation in the full watershed increased by 0.96 inches
(17%) and 1.08 inches (19%), respectively, with a smaller increase for the middle phase. The percentage
of growing season precipitation in the late phase increased by 1.85% and decreased in the middle phase
by 1.63% for the lower watershed (Figure 33). Precipitation increased across all phases of the growing
season for both watersheds, with substantial increases of 1.16 inches (21%) in the early phase in the
upper and 1.21 inches (22%) in the late phase in the lower (Figure 34).

Figure 29. Seasonal precipitation of the Redwood River watershed near Redwood Falls, Minnesota.

Figure 30. Seasonal precipitation within the Redwood River watershed near Redwood Falls, Minnesota,
for the period of record from 1890 to 1981, and 1982 to 2019.

Figure 31. Redwood River watershed seasonal precipitation for the upper and lower watersheds for
periods from 1890 to 1981, and 1982 to 2019.

Figure 32. Redwood River watershed seasonal precipitation for the upper and lower watersheds for
periods from 1890 to 1981, and 1982 to 2019.

Figure 33. Proportion of growing season precipitation for the upper and lower watersheds within the
Redwood River watershed for time periods of 1890 to 1981, and 1982 to 2019.

Figure 34. Total growing season precipitation for the upper and lower watersheds of the Redwood River
watersheds for early, mid, and late seasonal periods during the 1890 to 1981, and 1982 to 2019 time
periods.

The Palmer Hydrological Drought Index (PHDI), whose main input parameters are monthly temperature
and precipitation, quantifies hydrological impacts of drought that take longer to develop and longer to
recover from. Examples of impacts to water resources include water storage, streamflow, and
groundwater. The average PHDI for Minnesota Climate Division 7, within which the Redwood
watershed is located, from 1895-2019 was 0.84. Average PHDI values from 1895-1981 and 1982-2019
were 0.36 and 1.93, respectively (Figure 35).

Figure 35. Palmer hydrologic drought index, Minnesota climate division 7, for the time period from 1895
to 2019.

Streamflow
Mean annual discharge from 1936-2017 for the full watershed was 172.60 cfs, with pre and post period
values of 104.69 cfs and 259.39 cfs, respectively (Figure 36). Mean annual discharge from 1941-2017 for
the upper watershed was 76.31 cfs, with pre and post period values of 45.57 cfs and 111.32 cfs,
respectively. Mean annual discharge from 1941-2017 for the lower watershed was 104.75 cfs, with pre
and post period values of 66.72 cfs and 148.07 cfs, respectively.
Mean monthly discharge has markedly increased from the pre to post period across all months for the
full, upper, and lower watersheds, with the most substantial increases from March-July (Figure 37).
Normalized mean monthly discharge from the upper watershed exceeded that of the lower a greater
percentage of time during January-April, but the opposite was true from May-December (Figure 38).
Compared to the pre period flow duration curve for the full watershed, discharge exceedances for the
post period increased by approximately: 4.52% at 1000 cfs, 27.9% at 100 cfs, and 30.9% at 10 cfs (Figure
39). Compared to the pre period flow duration curve for the upper watershed, discharge exceedances
for the post period increased by approximately: 1.05% at 1000 cfs, 17.4% at 100 cfs, and 36.0% at 10 cfs
(Figure 40). With the exception of flows exceeded approximately 95% of the time, minor differences
exist between normalized flow duration curves for the full and upper watersheds (Figure 41).
There was an upward trend in the number of days per year the 1.5-year return interval flow (used to
approximate bankfull discharge, also known as the channel forming flow) was equaled or exceeded
based on mean daily discharge using the pre period value as a baseline. The number of average annual
daily flow events greater than or equal to 1.5 year return interval flow for the pre and post periods was
8.33 and 25.56, respectively, for the full watershed—an increase of nearly 207%—and 7.44 and 23.22,
respectively, for the upper watershed—an increase of approximately 212% (Figures 42 & 43).
Seasonal streamflow as a percentage of annual streamflow decreased by 11.08% in spring and increased
in fall and winter by 6.47% and 3.72%, respectively, from the pre to post period in the full watershed;
trends of similar magnitude were noted for the upper and lower watersheds (Figures 44 & 45). Average
volumetric streamflow in acre-feet (AF) in the full watershed increased substantially across all seasons
from the pre to post period, with 46,325 AF (102%), 34,210 AF (155%), and 21,060 AF (349%) increases
in spring, summer, and fall, respectively (Figure 46). Normalized streamflow increased across all seasons
from the pre to post period in the upper and lower watersheds, including by 1.48 inches (97%) and 1.02
inches (167%) in spring and summer, respectively, for the upper watershed (Figure 47).
When divided into early (April-May), middle (June-July), and late (August-September) phases, the
percentage of growing season streamflow decreased by 9.26% in the early phase and increased in the
middle and late phases by 5.36% and 3.90%, respectively, from the pre to post period in the full
watershed; trends of similar magnitude were noted for the upper and lower watersheds (Figures 48 &
49). Average volumetric streamflow in acre-feet in the full watershed increased substantially across all
phases of the growing season from the pre to post period, with 31,755 AF (91%), 30,048 AF (166%), and
12,188 AF (220%) increases in the early, middle, and late phases, respectively (Figure 50). Normalized
streamflow increased substantially across all growing season phases from the pre to post period in the
upper and lower watersheds, including by 1.08 inches (95%) and 0.43 inches (331%) in the early and late
phases, respectively, for the upper watershed (Figure 51).

Figure 36. Mean annual discharge for the Redwood River near Redwood Falls, Minnesota.

Figure 37. Mean Monthly discharge for the Redwood River near Redwood Falls, Minnesota.

Figure 38. Normalized mean monthly discharge for the Redwood River near Redwood Falls, Minnesota.

Figure 39. Flow duration curve for the Redwood River near Redwood Falls, Minnesota, for times of 1935
to 1981, and 1982 to 2018.

Figure 40. Flow duration curve for the Redwood River near Marshall, Minnesota, for time periods of
1940 to 1981, and 1982 to 2018.

Figure 41. Flow duration curve for the Redwood River upper and full watersheds.

Figure 42. Number of days meeting or exceeding the 1.5 year return interval flow in the Redwood River
near Redwood Falls, Minnesota, for the time periods of 1936 to 1981, 1982 to 2017.

Figure 43. Number of days meeting or exceeding the 1.5 year return interval flow in the Redwood River
near Marshall, Minnesota, for the time periods of 1936 to 1981, 1982 to 2017

Figure 44. Seasonal streamflow as a percentage of annual streamflow in the Redwood River near
Redwood Falls, Minnesota, for time periods of 1936 to 1981, and 1982 to 2017.

Figure 45. Seasonal streamflow as a percentage of annual streamflow of the upper and lower
watersheds of the Redwood River watershed, for time periods of 1936 to 1981, and 1982 to 2017.

Figure 46. Average volumetric stream flow in acre-feet for the Redwood River near Redwood Falls,
Minnesota, during time periods of 1936 to 1981, and 1982 to 2017.

Figure 47. Normalized seasonal stream flow in the Redwood River within the upper and lower
watersheds of the Redwood River watershed for time periods of 1941 to 1981, and 1982 to 2017.

Figure 48. Proportion of growing season runoff within the Redwood River watershed near Redwood
Falls, Minnesota, for early, mid, and late time periods between the years from 1936 to 1981, and 1982 to
2017.

Figure 49. Proportion of growing season runoff within the upper and lower watersheds of the Redwood
River watershed for early, mid, and late time periods between the years from 1936 to 1981, and 1982 to
2017.

Figure 50. Average volumetric stream flow in acre-feet in the Redwood River near Redwood Falls,
Minnesota, for early, mid, and late time periods for the years of 1936 to 1981, and 1982 to 2017.

Figure 51. Normalized growing season stream flow in inches within the Redwood River watershed for
early, mid, and late time periods for years of 1941 to 1981, and 1982 to 2017.

There was an upward trend in the number of days per year the Q10 flow was equaled or exceeded
based on mean daily discharge using the pre period value as a baseline. The number of average annual
daily flow events greater than or equal to the Q10 flow for the pre and post periods was 37.33 and
103.67, respectfully, for the full watershed which is an increase of nearly 178%. Similarly the number
increased by 37.15 and 97.83 for the upper watershed, which is an increase of approximately 163%
(Figures 52 & 53).
There was a downward trend in the number of days per year that mean daily discharge was less than or
equal to the Q90 flow using the pre period value as a baseline. The number of average annual daily flow
events less than or equal to the Q90 flow for the pre and post periods was 32.46 and 0.64 for the full
watershed, and 36.61 and 0.03 for the upper watershed (Figures 54 & 55).
The total volume of seasonal precipitation and normalized streamflow increased across the full, upper,
and lower watersheds from the pre to post period, particularly in the spring and fall (Figures 56-58). The
greatest increases in precipitation volume occurred in the spring and fall, and runoff volumes increased
most considerably in the spring and summer. The runoff ratio (i.e. the amount of runoff derived per unit
of precipitation) increased most substantially in the winter and fall.

Figure 52. Average annual daily flow events greater than or equal to Q10 flows for the Redwood River
near Redwood Falls, Minnesota, for the pre and post time periods.

Figure 53. Average annual daily flow events greater than or equal to Q10 flows for the Redwood River
near Marshall, Minnesota, for the pre and post time periods.

Figure 54. Number of average annual daily flow events less than or equal to the Q90 flow in the
Redwood River near Redwood Falls, Minnesota, for the pre and post time periods.

Figure 55. Number of average annual daily flow events less than or equal to the Q90 flow in the
Redwood River near Marshall, Minnesota, for the pre and post time periods.

Figure 56. Seasonal precipitation and runoff in inches of water for the pre and post time periods within
the Redwood River near Redwood Falls, Minnesota.

Figure 57. Seasonal precipitation and runoff in inches of water for the pre and post time periods within
the Redwood River near Marshall, Minnesota.

Figure 58. Seasonal precipitation and runoff in inches of water for the pre and post time periods within
the lower watershed of the Redwood River watershed.

Groundwater Use
Groundwater in the Redwood River watershed is limited by the geology of the watershed. The
Groundwater Province Map of Minnesota lists the entire watershed as part of province 5. This province
is defined by low availability of water in the buried sand and gravel and bedrock aquifers. There is
moderate water available in shallow sand and gravels, typically found in river valleys.
The thick glacial materials deposited during the last ice age left behind remnant buried aquifers, defined
as Quaternary Buried Artesian Aquifers (QBAA). Sands and gravels are the primary materials that make
up these aquifers. Quaternary Buried Artesian Aquifers are typically limited in size and extent due to the
environment that they were deposited. The aquifers have the capacity to produce large volumes of
water that can supply a large community such as Marshall, or just enough for home and farm uses.
The Cretaceous (KRET) era sandstones are directly beneath the glacial materials. The sandstones and
mudstones were deposited during a period when southwestern Minnesota was overlain by a large sea,
65 million before present. Cretaceous era aquifers are typically located in the western part of the
watershed, with KRET water wells found in western Redwood County.
Archean and Proterozoic bedrocks can be found below the KRET in the west, and in glacial materials in
the eastern portion of the watershed. The extensive bedrock aquifers found in eastern Minnesota have
eroded or did not exist in the Redwood River Watershed. The ancient bedrock formations only produce
small volumes of water, typically from fractures within the bedrock.

Water Appropriations
Water appropriation in the watershed is roughly split between groundwater and surface water (Figure
59). Distribution of the appropriation in 2017 indicates that 57% of water was obtained from a
groundwater resource. In comparison, 53% of permits indicate that their primary water resource is a
groundwater source. This comparison between use and issued permits is fairly even. Resource usage is
not dominated by one resource over another (Figure 60), as is the case in other watersheds.

Water Use in the Redwood River Watershed
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Figure 59. Surface and ground water use, as well as the number of active permits, in the Redwood River
watershed.
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Figure 60. Groundwater use by various types within the Redwood River watershed.

Major Use Types
Municipal water suppliers dominate the water use in the watershed. Municipal water suppliers
distribute water within communities for drinking, commercial, and industrial use. This accounts for 42%
of all water appropriated in the watershed. Municipal water supplies are 100% groundwater dependent
and make up 74% of all groundwater utilized (Figure 61).
One exception in the Redwood River watershed that must be noted is that Marshall Municipal Utilities
appropriates a significant majority of water. Large quantities of groundwater are appropriated on the
border of the Cottonwood and Redwood River watersheds. Groundwater does not always respect
watershed divides, especially when influenced by human activity. This is seen in the dramatic decrease
in water use by municipal supplies over the past decade (Figure 62). Marshall has added and expanded
well fields in different watersheds within the same and different aquifers. This has been the primary
driver of the decreases in groundwater use by municipal water supplies in the watershed.
Of note, very little water in the watershed is appropriated for agricultural crop irrigation in the
watershed. There are no groundwater permits listing agricultural irrigation as the primary use of water
in the Redwood River watershed. Only four surface water permits are active that list agricultural
irrigation as the primary water use. Livestock watering is the second largest use of groundwater in the
watershed at 16% of groundwater appropriated.

Figure 61. Groundwater use by various type in 2017.
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Figure 62. Total municipal groundwater use has largely been declining over the last decade.

Aquifers Utilized
The primary aquifer utilized in the watershed is the QBAA. Eighty-two percent of groundwater in the
watershed is appropriated from the QBAA. Marshall Municipal Utilities again dominates the use of this
water. Very little water is appropriated from the KRET.
Future Groundwater Use
Groundwater use is expected to increase. The concentration of animals found at livestock facilities is
growing, as is the demand for water at these locations. Uncertainty in weather patterns due to climate
change may also lead to increased demand for agricultural irrigation. Municipal use is expected to
remain flat, but is subject to change depending on changes in industrial demand and location of new
municipal wells. This includes the addition of new industries to the Marshall area and location of wells
utilized by Marshall municipal utilities.

Observation Well Information
State Observation Wells
The DNR operates three groundwater observation wells in the Redwood River watershed. These three
wells are located throughout the watershed. The aquifers monitored include the water table (QWTA)
and KRET. Historically, 13 additional wells were monitored in the watershed. These 13 wells are no
longer monitored for various reason including accessibility and closure (i.e. wells have been sealed).
Observation Wells 42016 and 64014 are completed in the shallow sands and gravels of the Redwood
River alluvium. Well 64014 is completed in Camden State Park and 42016 is completed north of the
Redwood River along Redwood County Road 8. Visual assessment of both wells exhibit what can be
considered seasonal changes. Water levels typically rise in the spring and decline through the late
summer and into the fall (Figure 63). These shallow groundwater systems are likely connected to
surficial features near these observation wells.
Well 41000 is constructed into the KRET near the City of Tyler. This well is a historic USGS observation
well with a long period of record. Water levels in the well are currently near historic low elevations.
However, when current record lows were reached in the late 1970’s, no pumping impacts are noticeable
in the visual assessment. Water elevations collected since 2010 indicate pumping activities during the
summer months near the well. Winter water levels do appear to recover; however, they are near
historically low elevations.
Appropriator Observation Wells
An additional seven wells are operated by water appropriators. DNR water appropriations permits
require these wells to monitor aquifer sustainability. The data are available for review, but have not
been assessed as part of this evaluation.
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Figure 63. Observation well record showing seasonal variation.

Connectivity
Longitudinal Connectivity
An extensive search through GNIS, WHAF, NID, and MNDNR’s dam safety records identified records for
twenty eight different structures within the Redwood River watershed (Table 3). Among the records,
files denote two of the structures were never built; however, remain identified as structures on the
Inventory of Dams in Minnesota shapefile (Figure 64). Twenty of the structures were determined to be
barriers to fish passage. Additionally six other structures are probable barriers and two other structures
are possible barriers; however, it was not possible to make a final determination from the limited
amount of information and photographs within the structures’ files. Of the twenty barriers identified,
four structures (i.e. Redwood River near Hjermstad Lake, Redwood River Marshall Diversion, Redwood
Falls Dam, and Redwood Diversion) had MPCA fish community assessment sites up stream of them.
Both the Redwood Falls (Figure 65) and Redwood Diversion structures were built upon natural barriers
and block fish passage to forty-one MPCA fish community assessment sites upstream, the Redwood
River Diversion in Marshall (Figure 66) affects eighteen assessment sites, and Redwood River near
Hjermstad Lake affects one site at most flows. Furthermore, a natural barrier (i.e. Ramsey Falls; Figure
67) blocks fish passage to four additional MPCA fish assessment sites in Ramsey Creek that are not
affected by the previously noted structures. Among the sites affected by downstream fish passage
barriers, all fish community assessment sites had ample upstream or downstream refuge habitat, except

Table 3. Listing of structures within the Redwood River watershed including the structure’s name, type,
potential as barrier, number of IWM sites impacted, county, and UTMs.
Name
Structure Type
Barrier Potential
Albers Pond
Impoundment
Barrier
Drammen TWP 15
Impoundment
Barrier
Lake Benton TWP 25
Impoundment
Barrier
Minett Krantz
Impoundment
Barrier
Redwood River by Hjermstad Lake
Sheet Pile Weir
Barrier at Most Flows
RW 22
Never Built
Not a Barrier
Nyroca Flats
Impoundment
Barrier
Shelburne TWP 2
Impoundment
Barrier
Coon Creek 34 & 35
Road Retention
Probable
TWP Road 29
Road Retention
Probable
Coon Creek 28 & 33
Impoundment
Possible
TWP Road 163
Never Built
Not a Barrier
Coon Creek TWP 24
Impoundment
Barrier
Coon Creek 00730
Impoundment
Barrier
Coon Creek 7 & Lincoln County 7
Wetland Outlet
Possible
Brawner Lake
Impoundment
Barrier
Lynd TWP 30
Impoundment
Barrier
Island Lake TWP 27
Impoundment
Barrier
Island Lake TWP 22
Impoundment
Barrier
Island Lake TWP 20
Impoundment
Probable
Island Lake TWP 23
Road Retention
Probable
Island Lake TWP 13 & 24
Road Retention
Probable
Runholt Mellenthin
Impoundment
Barrier
Lynd TWP 8
Impoundment
Barrier
Lynd 9 & 16
Road Retention
Barrier
Norland 35 & 36
Road Retention
Probable
Redwood River Marhsall
Flow Control Structure Barrier at Most Flows
Redwood Falls
Dam
Barrier
Redwood Diversion
Dam
Barrier
Ramsey Falls
Waterfall
Barrier

# IWM Sites
Impacted
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
18
41
41
4

County
Lincoln
Lincoln
Lincoln
Pipestone
Murray
Lyon
Lyon
Lyon
Lyon
Lyon
Lyon
Lyon
Lyon
Lyon
Lyon
Lyon
Lyon
Lyon
Lyon
Lyon
Lyon
Lyon
Lyon
Lyon
Lyon
Lyon
Lyon
Redwood
Redwood
Redwood

UTMX
233190
231200
243490
252324
261655
260565
258931
262013
260755
258856
258768
262492
262765
258065
254534
267099
265053
261103
261124
258016
261227
263136
267656
266787
269146
263057
276071
331417
331638
331153

UTMY
4914540
4914900
4901213
4892577
4894916
4901072
4902655
4907411
4908166
4909400
4909454
4911329
4911455
4913674
4914327
4913317
4919423
4920304
4921023
4922393
4921720
4922617
4923752
4924131
4923572
4928109
4924359
4934148
4934381
4934745

Figure 64. Spatial location of twenty eight structures and potential fish passage barriers within the
Redwood River watershed, including IWM stations upstream of Ramsey Falls and the Marshall Diversion.

Figure 65. The Redwood Falls dam structure was built upon a natural falls and today exists as a fish
passage barrier.

Figure 66. Redwood River diversion in Marshall, MN. A structure (A) that is a fish passage barrier was
built on the diversion channel, while a flow control structure (B) was built on the natural channel of the
Redwood River in Marshall, MN.

Figure 67. Ramsey Falls is a naturally occurring fish passage barrier that prevents migration in the
Ramsey Creek watershed.
for those in Ramsey Creek and the site upstream of the Redwood River near Hjermstad Lake structure.
The fish passage barriers at Redwood Falls and Redwood Diversion (i.e. Redwood Diversion in Redwood
County, not Redwood River Marshall Diversion in Lyon County) structures were built upon natural fish
passage barriers and would remain as barriers even if restored to natural conditions. Finally, 18
additional structures affiliated with Area II Minnesota River Basin Projects were identified within the
Redwood River watershed that were not identified within the GNIS, WHAF, NID, or MNDNR’s dam safety
records (Table 4; Figure 68); none of which impacted additional MPCA biological monitoring sites.
Prior to settlement, the landscape held abundant numbers of lakes, wetlands, and wetland complexes.
After European settlement, lakes, wetlands, and depressional areas within the Redwood River
watershed were altered (i.e. outlet structures) or drained [i.e. public and private drainage systems
(Figure 69)]. Extensive drainage and outlet structures have had a drastic impact on the longitudinal
connectivity, natural drainage network, and quality of aquatic resources within the Redwood River
watershed (Figure 70).

Table 4. Listing of additional Area II structures that were not identified within the GNIS, WHAF, NID, or
MNDNR’s dam safety records, including their type, year, county, township, and section number.

Type
Dam Repair
Small Dam
Dam Repair
Wetland Restoration
Dam Repair
Small Dam
Dam
Small Dam Repair
Road Retention
Grade Stabilization Repair
Dam Repair
Grade Stabilization
Grade Stabilization
Grade Stabilization
Small Dam Repair
Dam
Grade Stabilization
Dam Repair

Year
2006
2007
2011
NA
2013
2007
2011
2010
2004
2015
2009
2015
2015
2015
2009
2014
2015
2013

County
Pipestone
Pipestone
Lincoln
Lyon
Lyon
Lyon
Lyon
Lyon
Lyon
Redwood
Lyon
Redwood
Redwood
Redwood
Redwood
Redwood
Redwood
Redwood

Section
Township
22
Aetna
9
Aetna
24
Marshfield
9
Lyons
11
Coon Creek
32
Lynd
17
Lynd
8
Lynd
9
Lynd
23
Sheridan
21
Stanley
13
Sheridan
17
Underwood
17
Redwood Falls
17
Redwood Falls
18
Redwood Falls
10
Redwood Falls
7
Redwood Falls

Figure 68. Spatial location of additional Area II structures that were not identified within the GNIS,
WHAF, NID, or MNDNR’s dam safety records.

Figure 69. Lakes, rivers, streams, and restorable wetlands of the Redwood River watershed.

Figure 70. Altered watercourse scores within the subwatersheds of the Redwood River watershed as
assessed by the Watershed Health Assessment Framework (WHAF), derived from MPCA’s altered water
course layer.

The MNDOT bridge and culvert dataset in ArcMap indicated that there are 154 bridges (0.22/mi2) and
131 culverts (0.18./mi2) within the watershed (Figure 71; Table 5). An intersection, however, of stream
lines and road lines within ArcMap indicated there were 779 (1.11/mi2) road and stream intersections
which likely have some form of crossing within the Redwood River watershed. Bridges and culverts can
have drastic impacts on rivers and streams, especially when improperly sized. Improperly sized bridges
and culverts can create flood flow confinement (FFC), which can cause channel widening, alter sediment
transport capacity, and sediment deposition (Zytkovicz and Murtada 2013). At this time the DNR has
not completed a culvert crossing inventory in the field, however, one could help to identify and prioritize
problem culverts and road crossings.
The road and stream line intersection dataset was also used to indicate longitudinal connectivity of the
riparian corridor. The shapefile created allows for spatial assessment of road crossings and thus breaks
in longitudinal connectivity. Longitudinal connectivity of riparian corridors was also assessed locally
during field surveys and denoted within respective survey site summaries. Longitudinal connectivity of
riparian corridors and perennial cover within subwatersheds of the Redwood River watershed was also
assessed using the WHAF (Figure 72 & 73) and state and federal easement datasets. Finally, vegetation
type, root depth, root density, and weighted root density was also assessed at each study bank location
(Table 6).

Figure 71. Location of bridges and culverts as identified by the MNDOT shapefile, as well as road/stream
intersections, throughout the Redwood River watershed.

Table 5. Number and density of bridges and culverts as identified by the MNDOT shapefile throughout
the Redwood River watershed broken down by study reach drainage area.
Drainage Number of Density of Number of
Density of
Density of
Total # of
Bridges Bridges (#/mi2) Culverts Culverts (#/mi 2) Crossings Crossings (#/mi2)
14
0.388
14
0.388
67
0.861
14
0.361
14
0.361
67
0.731
36
0.298
26
0.215
167
0.382
61
0.245
46
0.185
283
1.141
66
0.254
46
0.177
311
1.2
84
0.297
55
0.195
346
1.226
0
0
0
0
1
0.416
0
0
0
0
0
0
7
0.309
1
0.044
36
1.592
7
0.308
2
0.088
37
1.629
17
0.249
12
0.175
74
1.085
0
0
2
0.093
19
0.892
12
0.173
17
0.246
95
1.376
3
0.068
17
0.389
50
1.144
6
0.09
18
0.27
53
0.796
154
0.22
131
0.187
779
1.113

Study Stream Reach
Area (mi2)
Redwood - Ruthton
36
Redwood - CR80
38.7
Redwood - Russel
120.8
Redwood - Camden
248
Redwood - Marshall Gage
259
Redwood - Green Valley
282
Lyon CD10
2.4
Indian Creek - Camden State Park
0.5
Norwegian Creek
22.6
Norwegian Creek - Pasture
22.7
Coon Creek
68.2
Upper 3 Mile Creek
21.3
Lower 3 Mile Creek
69
Upper Ramsey Creek
43.7
Ramsey Creek
66.5
Redwood River HUC 8
699.3

Figure 72. Longitudinal connectivity of riparian corridors within the subwatersheds of the Redwood River
watershed as assessed by the Watershed Health Assessment Framework (WHAF). Watershed Health
Index scores are scaled 0 (least healthy) to 100 (best health), while also using a red to green color ramp
for low to high scores.

Figure 73. Perennial vegetation cover within the subwatersheds of the Redwood River watershed as
assessed by the watershed health assessment framework (WHAF). Watershed Health Index scores are
scaled 0 (least healthy) to 100 (best health), while also using a red to green color ramp for low to high
scores.

Table 6. Vegetation type, bank height, root depth, root density, weighted root density, and BEHI rating
for each study site study bank.
Weighted
Bank Bankfull Root Root
Root
BEHI
Study Stream Reach
Dominant Vegetation Type
Height Height Depth Density Density
Rating
Redwood - Ruthton
Reed Canary Grass
3
3
3
40
5.1
Low
Redwood - CR80
Reed Canary Grass
3.75
2
2
35
7.4
Moderate
Redwood - Russel
Reed Canary Grass
14
3
2
20
10
High
Redwood - Camden
Reed Canary/Native Grasses
Redwood - Marshall Gage
Mixed Hardwoods/Reed Canary
9
4.4
2.5
15
10
Extreme
Redwood - Green Valley
Reed Canary/Native Grasses
9.6
5
5
35
7.5
Moderate
Lyon CD10
Reed Canary Grass
Indian Creek - Camden State Park
Mixed Hardwoods
Norwegian Creek
Reed Canary/Native Grasses
4.6
3.2
2.5
35
7.4
Moderate
Norwegian Creek - Pasture
Reed Canary/Brome Grasses
4.4
2.8
2.5
25
8
Moderate
Coon Creek
Reed Canary/Native Grasses
6
4.5
4
25
6.9
Moderate
Upper 3 Mile Creek
Reed Canary/Native Grasses
8
3.5
8
25
6.5
Moderate
Lower 3 Mile Creek
Willow Trees/Reed Canary Grass
7
5.5
5.5
30
6.7
Moderate
Upper Ramsey Creek
Reed Canary Grass
9
3.3
8.5
35
5.7
Low
Ramsey Creek
Mixed Hardwoods
15
4.5
2.5
20
10
High

Lateral Connectivity
Flood-prone elevations are considered as two times maximum bankfull depth at a riffle cross section
and are typically comprised from the approximate 1.5 year return interval flows. Channels that are less
incised have better lateral connectivity to their floodplains and can be assessed by measuring the
channels bank height ratio (BHR) at a riffle cross section. Four of the surveyed channels [i.e., County
Ditch #10, Indian Creek – Camden State Park, Norwegian Creek, and Norwegian Creek – Pasture; (Table
7)] had BHR’s that were considered ‘not incised.’ Five of the surveyed channels (i.e., Redwood River –
CR80, Redwood River – Russell, Coon Creek, Upper Three Mile Creek, and Lower Three Mile Creek) had
measured BHR’s that were considered ‘slightly incised.’ One channel (i.e., Redwood River – Ruthton
WMA) was measured to be ‘moderately incised,’ and four channels (i.e., Redwood River – Camden State
Park, Redwood River – Marshall Gage, Redwood River – Green Valley, Upper Ramsey Creek – Judicial
Ditch #33, and Lower Ramsey Creek) were all measured to be ‘deeply incised.’ The survey site at the
Redwood River – Camden State Park had five separate riffle cross sections surveyed where four riffles
were ‘deeply incised’ and one was just ‘moderately incised.’ Each channel survey location that was
determined to be ‘not incised’ to ‘moderately incised’ had adequate lateral floodplain connectivity,
where as those channels that were determined to be ‘deeply incised’ had little to no lateral connectivity
with their floodplains.

Table 7. Study stream reach names, bank height ratios, and the correlating degree of incision adjective
rating.

Study Stream Reach
Redwood River - Ruthton WMA
Redwood River - CR80
Redwood River - Russel
Redwood River - Camden State Park
Redwood River - Marshall Gage
Redwood River - Green Valley
County Ditch #10
Indian Creek - Camden State Park
Norwegian Creek
Norwegian Creek - Pasture
Coon Creek
Upper Three Mile Creek
Lower Three Mile Creek
Upper Ramsey Creek - Judicial Ditch #33
Lower Ramsey Creek

Bank Height Ratio
1.34 - Moderately Incised
1.25 - Slightly Incised
1.18 - Slightly Incised
1.33-2.42 - Deeply Incised
1.93 - Deeply Incised
2.71 - Deeply Incised
1 - Not Incised
1.06 - Not Incised
1 - Not Incised
1 - Not Incised
1.11 - Slightly Incised
2.12 - Slightly Incised
1.28 - Slightly Incised
3.16 - Deeply Incised
2.23 - Deeply Incised

Geomorphology
Fifteen stream reaches were surveyed during the 2017 and 2018 field seasons. The following map
shows the spatial locations of the survey reaches as well as the channel classification of each site (Figure
74). This section provides an in-depth look at the characterization and stability of each survey site
starting on the Redwood River, progressing downstream, and then through the various tributaries of the
watershed.

Figure 74. Spatial location and channel classification of geomorphology survey sites within the Redwood
River watershed.

Redwood River – Ruthton WMA
Stream Information
Stream Name
AUID
County
Section, Township, Range
Entrenchment Ratio
Width/Depth Ratio
Bank Height Ratio

Redwood River
07020006-505
Murray
S16 T108N R43W
13.19 - Slightly Entrenched
16.6 - Moderate to High
1.34

Drainage Area
Stream Type
Valley Type
Water Slope
Sinuosity
Study Bank Erosion Rate
Pfankuch Stability Rating

35.75 mi 2
C6cU-LA-LD
0.00034
1.06
0.0025 tons/yr/ft
87 - Fair

The Redwood River survey site at the Ruthton WMA is located roughly four and a quarter miles east
south east of the town of Ruthton and has a drainage area of approximately 35.75 square miles. Land
use within the subwatershed the survey site is located within consists of 72.5% cultivated land, 15.8%
perennial cover, 6.9% water or wetlands, and 4.8% development (NLCD 2016).
The channel at the study reach location was classified as a C6c- stream type. The C6 stream type are silt
dominated, slightly entrenched, meandering, riffle-pool channels with a well-developed floodplain
(Rosgen 1996). The stream type occurs in broad valleys and plains areas with a history of riverine,
lacustrine, or eolian deposition and are often found in low relief basins (Rosgen 1996). C6 stream types
are widely distributed throughout the range or physiographic provinces and have low gradients less than
2%. The addition of c- to the C6 stream type indicates an even lower gradient (i.e. <0.001 ft/ft). C6
streams have a lower width/depth ratio than all other C stream types due to the cohesiveness of the
streambanks (Rosgen 1996). The streambanks are typically silt, clay, and organic materials with little
difference in pavement and subpavement of the stream beds (Rosgen1996). Rates of lateral adjustment
are influenced by the riparian vegetative condition and sediment supply is moderate to high unless the
streambanks are a highly erodible condition (Rosgen 1996). C6 streams are very susceptible to lateral
and vertical stability caused by direct disturbance or alterations to flow or sediment regimes (Rosgen
1996). Overall, C6 channels have very high sensitivity to disturbance, good recovery potentials, high
sediment supply, high streambank erosion potential where riparian vegetation have a very high
influence (Rosgen 1994; Appendix III).

The bank height ratio (i.e. lowest bank height/max bankfull depths) at the riffle cross section was
measured to be 1.34. A BHR of 1.34 indicates that the channel is just past the threshold of what is
considered to be moderately incised at the study site location. The entrenchment ratio (i.e. flood-prone
width/bankfull width) was 13.19, meaning the channel is considered slightly entrenched. The bank
height ratio and entrenchment ratio classifications are important characteristics identified at the study
location. The characteristics are important due to the fact that flood flow access to a river’s floodplain is
a fundamental component to a stable stream channel. When flood flows access the floodplain the
energy of the flowing water is dissipated. When flood flows cannot access the floodplain, the energy of
the flowing water is contained within the channel thereby increasing the shear stress upon the banks of
the river. Increased shear stress thus results in increased bank erosion, sedimentation, and suspended
sediments.
Sediment supply from streambank erosion was estimated using the BANCS (i.e. BEHI matched with NBS)
model. A monumented pool cross section is sometimes established at the survey locations. The
monumented cross sections allow for annual surveys of the exact same cross section, which in return
can be used to show annual bank loss due to erosion. The bank loss measurements can then be used to
help validate or show deviation from the BEHI estimates. A monumented cross section was not
established at this specific survey location however. Bank erosion hazard index estimates for the study
bank were 0.0025 tons (i.e. 5 pounds) of sediment per linear foot of streambank annually when using
the Colorado erosion rate curve (Rosgen 2001).
Both lateral and longitudinal connectivity of the riparian corridor was good at the study location where a
majority of the riparian vegetation was Reed Canary grass. Sinuosity at the site was very low (i.e. 1.06)
due to the fact that this portion of the Redwood River had historically been channelized. A Pfankuch
stream stability assessment was conducted at the survey location grading the channel at an 87. A score
of 87 is considered ‘fair’ for a C6c- stream, however, Pfankuch scores should be assessed against what
the stream type should be in an unaltered state. The channel at this location should be an E channel
(i.e. and likely was before channelization) and the score of 87 is also considered ‘fair.’
The longitudinal profile showed some deeper holes in the channel that could constitute pools. These
holes however, were not pools created by the shear stress of a naturally meandering channel. Due to
historical channelization, the channel at the Ruthon WMA does not have meander bends creating scour
to develop pools. Rather the straightened channel displays attributes more typical of a longitudinal
wetland than a naturally meandering C or E channel. Over 50% of the particles in the reach, and over
40% in the riffle, were made up of particles defined as silt (i.e. < 0.0062 mm). The channel in spots was
lined with cattails, and a soft organic laden substrate comprised the channel bottom. The pools in the
channel are likely a mixture of areas deepened due to the lack of roughness and rigidity of the substrate
and depositional areas of and around bundles of cattail roots. Overall habitat quality in the channel was
poor, with some refuge habitat and no spawning habitat for lithophilic spawning species.

Redwood River – County Road 80 Site
Stream Information
Stream Name
AUID
County
Section, Township, Range
Entrenchment Ratio
Width/Depth Ratio
Bank Height Ratio

Redwood River
07020006-505
Murray
S11 T108N R43W
7.94 - Slightly Entrenched
8.59 - Low
1.25

Drainage Area
Stream Type
Valley Type
Water Slope
Sinuosity
Study Bank Erosion Rate
Pfankuch Stability Rating

38.7 mi 2
E5
U-GL-TP
0.00032
2.74
0.0276 tons/yr/ft
85 - Fair

The Redwood River County Road 80 (CR80) survey site location is approximately five and three quarter
miles east of the town of Ruthton and has a drainage area of 38.7 square miles. Land use within the
subwatershed the survey site is located within is comprised of 72.5% cultivated land, 15.8% perennial
cover, 6.9% water or wetlands, and 4.8% development (NLCD 2016).
The channel at the study reach location was classified as an E5 stream type. The E5 stream types are
channels with slight to moderately steep gradients, very low width/depth ratios, where the dominant
channel materials are composed of finer materials [e.g. sand (Rosgen 1996)]. Channel slopes are
typically less than 2% while the bed and banks are inherently stable (Rosgen 1996). Riparian vegetative
influence is very important in E5 channels (Rosgen 1994; Appendix III) as root mats help the relatively
deep channels to maintain high resistance to plan form adjustment (Rosgen 1996). The E5 stream type
is an efficient channel type that maintains high sediment transport capacity and are very stable unless
streambanks are disturbed and/or significant changes in sediment or streamflow occur (Rosgen 1996).
Having a high sensitivity to disturbance also makes the streambank erosion potential high (Rosgen
1994). The E5 stream type, however, does have a good recovery potential if disturbance does occur
(Rosgen 1994).
The BHR at the riffle cross section was measured to be 1.25. A BHR of 1.25 indicates that the channel is
only slightly incised and has adequate lateral access to its floodplain. The entrenchment ratio of the
channel was measured to be 7.94, which falls within the adjective rating range of being slightly
entrenched. Sinuosity was measured as 2.74, significantly higher than upstream at the Ruthton WMA

survey location as this section of river has not previously been channelized and exhibits a natural
meandering pattern (Figure 75).
An adequate lateral and longitudinal riparian vegetative buffer was also present at this survey location.
Similar to the Ruthton WMA location, vegetation at the Redwood River CR80 site was primarily Reed
Canary grass with some small trees in the floodplain. Without the vegetative riparian zone erosion rates
would be significantly higher. Sediment supply from streambank erosion was estimated using the
BANCS model. Erosion estimates predicted that 0.0276 tons (i.e. 55.2 pounds) of sediment were
eroding from the study bank per foot each year when using the Colorado model. A Pfankuch stability
assessment was conducted and scored this section of stream at 85 which is considered ‘fair’ for an E5
stream type.
The channel at the Redwood River CR80 survey site showed depths of 2 feet and greater on the survey
longitudinal profile. A moderately undulating bottom is maintained by shear stress created at the
outside bends of the naturally meandering channel. A majority of particles within both the riffle and
reach pebble counts were silt to fine gravel (i.e. <0.62 to 2-4mm). The fine particles in the channel are
more likely attributed to the local geology of the landscape than due to upstream sediment sources. E
channel, such as the channel found at this site, are common small prairie streams; and finer more
organic sediments of the prairie are the natural geologic background condition here. Some extra
sediment deposition was noted however, as some point bars showed the start of point bar deposition
which is more indicative of C channels than narrow deep E channels. Finally, a sheet pile weir existed
just upstream of the survey location. This structure is identified in the connectivity section of the report
and likely constitutes a fish passage barrier at most flows impacting one MPCA biological monitoring
station upstream.

Figure 75. Sinuosity of the channel at the Ruthton WMA (A) that had been previously channelized
compared against the channel at the Redwood River – CR80 site (B) that has much greater sinuosity.

Redwood River – Russell
Stream Information
Stream Name
AUID
County
Section, Township, Range
Entrenchment Ratio
Width/Depth Ratio
Bank Height Ratio

Redwood River
07020006-505
Lyon
35 T110N R43W
1.74 - Moderately Entrenched
15.41 - Moderate to High
1.18

Drainage Area
Stream Type
Valley Type
Water Slope
Sinuosity
Study Bank Erosion Rate
Pfankuch Stability Rating

120.74 mi 2
B4c
C-AL-FD
0.0012
2.89
0.1685 tons/yr/ft
110 - Fair

The Redwood River survey location near the town of Russell is located approximately two and a half
miles south west of town and has a drainage area of 120.74 square miles. Land use for the catchment
that the survey site is located within is comprised of 74.2% cultivated land, 14.9% perennial cover, 6.8%
water and wetlands, and 5.0% development (NLCD 2016).
The channel at the study location was classified as a B4c stream type. B4 stream types are moderately
entrenched channels that typically develop in stable alluvial fans, and colluvial deposits (Rosgen 1996).
B4 channels typically develop on gradients of 2-4%, however, B4c channels are lower gradient [i.e. <2%
(Rosgen 1996)]. The streambed morphology in B4 channels is dominated by gravel sized material and
generalized as a series of rapids with irregular spaced scour pools (Rosgen 1996). Pool-to-pool spacing
in B4c channels is generally slightly higher than B4 channels at 4-5 bankfull channel widths (Rosgen
1996). Considered a relatively stable channel type, B4 streams are not a high sediment supply channel
(Rosgen 1996). Overall, B4 channels have a moderate sensitivity to disturbance, excellent recovery
potential, moderate sediment supply, low streambank erosion potential, and the riparian vegetative
community has a moderate influence on the channel (Rosgen 1994; Appendix III).
The BHR at the riffle cross section was measured to be 1.18. A BHR of 1.18 means that the channel is
only slightly incised and has adequate lateral floodplain access. The entrenchment ratio of the channel
at the survey location was measured to be 15.41, which means that the channel is moderately
entrenched. A channel that is slightly incised but moderately entrenched means that the channel easily
accesses its floodplain, but that the floodplain for the channel is not very wide (Figure 76). Adequate
lateral and longitudinal riparian vegetative buffers were present throughout the floodplain.

Figure 76. Riffle cross section surveyed at the Redwood River – Russell location showing that the channel
is slightly incised but moderately entrenched. Degree of incision is based on the bank height ratio (i.e.
bankfull depth divided by low bank height), whereas entrenchment ratio is determined by the floodprone width divided by the channel bankfull width.
Sinuosity remained higher at this location of the Redwood River as well and was measured at 2.86 as a
results of its unchannelized naturally meandering character. Sediment supply from the streambank
erosion estimates were higher than the previous Redwood River survey locations, however, as erosion
estimates predicted that 0.1685 tons (i.e. 337 pounds) of sediment were eroding from the study bank
per foot each year. The Pfankuch stream stability assessment score was 110 with an adjective rating of
‘poor,’ however, the stable stream type of the channel is not a B channel. The channel at this location is,
however, in a poor unstable state of transition. Instability and evidence of channel widening was
apparent by the numerous mid-channel bars, indicating a lack of sediment transport capacity.
Classification identified this channel as a B channel and not a C channel mostly due to its low
entrenchment ratio. If the channel continues to incise over time, the entrenchment ratio will not reach
the increased flood-prone width it needs to be classified as a C channel. A more likely scenario is that
the entrenchment ratio is further reduced, thus turning the channel in to a G stream type.
As indicated by the ‘4’ in the channel classification, the channel sediment is primarily dominated by
gravels, and secondarily by sands. The longitudinal profile survey indicates that the pools range
between two and three feet, which is relatively shallow for a channel with a bankfull width of 40 feet;
less yet a B channel type. Overall, the habitat is degraded in this channel due to widening and excess
deposition filling pools and leaving mid channel bars.

Redwood River – Camden State Park
Stream Information
Stream Name
AUID
County
Section, Township, Range
Entrenchment Ratio
Width/Depth Ratio
Bank Height Ratio

Redwood River
07020006-513
Lyon
S5 T110N R42W
1.81 - Moderately Entrenched
29.12 - Moderate to High
1.33

Drainage Area
Stream Type
Valley Type
Water Slope
Sinuosity
Study Bank Erosion Rate
Pfankuch Stability Rating

248 mi 2
B4c
C-GL-GT
0.00635
1.59
NA
NA

The Redwood River survey location within Camden State Park is located roughly one and three quarter
miles south west of the town of Lynd. Land use within the subwatershed consists of 69.4% cultivated
land, 16.9% perennial cover, 8.5% water and wetlands, and 4.8% development (NLCD 2016). The
channel at the study location was also classified as a B4c stream type.
During the 2018 field season, several riffle and pool cross sections were surveyed on the Redwood River
within Camden State Park. In all, 5 separate riffle cross sections were surveyed within three sequential
longitudinal profile surveys. Through the river segments surveyed, the channel transitions from an F4 to
a B4c channel. The change in channel type from an F4 to B4c is primarily due to the entrenchment ratio
at the riffles within each of the longitudinal surveys. The upstream 4 riffle cross sections surveyed were
deeply incised (i.e. BHR ratios between 1.73 and 2.42) and entrenched (i.e. little to no floodplain width
greater than channel bankfull width). While the last downstream riffle was moderately entrenched with
a ratio of 1.81. Similarly, the downstream riffle was less incised as the upper 4 riffle cross sections and
was measured to be 1.33. The downstream riffle was the location where the floodplain width and
access was great enough to change the channel type to a B4c.
Sediment supply from streambank erosion was not estimated at this location as the surveys were
completed during a field day portion of a training class. Similarly, Pfankuch stream stability assessments
were not conducted either. Though B channel types are often regarded as a generally stable stream
type, F channels are not. Channels classified as F channels are incised to the point they become
entrenched. Incised and entrenched channels cannot access their floodplains during flood flows and

therefore cannot relieve the shear stress within the channel. When flood flows are contained within F
channels erosion rates are high and bank failures are common.
The velocity and discharge estimates for the riffle cross sections surveyed within Camden State park
were equal to or just slightly above the estimates just downstream at the Marshall Gage (i.e. 11 mi2
greater drainage area). The difference can most notably be attributed to the higher slope in stream
grade throughout the state park then downstream near Marshall, MN (Figure 77). From the headwaters
of the Redwood River watershed in the south west, to approximately Marshall, the watershed has an
average fall of 18 feet per mile. From Marshall east to Redwood Falls, however, the average fall is only 4
feet per mile (MPCA 2013).
Though portions of the channel were classified as an F channel, habitat was generally decent throughout
the reach. Shear stress created by slope and natural meander bends had carved out adequate pools
that would remain roughly three feet or greater even in baseflows. Substrate through the reach was
larger the previous survey sites, also due to the geology and slope of the channel. Riffles were
dominated with gravel and cobble sized particles that would provide adequate spawning habitat for
numerous species as the riffles would remain oxygenated and too steep for most fine sediments to
settle out and smother spawning beds.

Figure 77. Redwood River watershed map depicting the location of the Camden State Park
geomorphology site (A) higher in elevation, and the top of a geologic change, in relation to the lower
Marshall Gage Survey site’s (B) location.

Redwood River – Marshall Gage
Stream Information
Stream Name
AUID
County
Section, Township, Range
Entrenchment Ratio
Width/Depth Ratio
Bank Height Ratio

Redwood River
07020006-502
Lyon
S12 T111N R42W
1.26 - Entrenched
27.19 - Moderate to High
1.93

Drainage Area
Stream Type
Valley Type
Water Slope
Sinuosity
Study Bank Erosion Rate
Pfankuch Stability Rating

259 mi 2
F4
U-AL-FD
0.00121
1.29
3.045 tons/yr/ft
113 - Poor

The Redwood River survey location at the Marshall Gage site is located approximately one and a half
miles west south west of the city of Marshall and has a drainage area of 259 square miles. Land use
within the contributing watershed consists of 69.4% cultivated land, 16.9% perennial cover, 8.5% water
and wetlands, and 4.8% development (NLCD 2016).
The channel at the survey location was classified as an F4. F4 stream types are gravel dominated, deeply
incised, entrenched channels (Rosgen 1996). Because the channel is fully entrenched, the bankfull
elevation within F4 channels is well below the ‘top of banks’ elevation (Rosgen 1996). F4 channels have
slopes that are generally less than 2% and typically have high to very high width to depth ratios (Rosgen
1996). Depending on rates of streambank erosion, sediment supply in F4 channels is typically high
(Rosgen 1996). Because the channels are completely entrenched (i.e. cannot access their floodplain at
2X bankfull elevations) streambank erosion is typically prominent (Rosgen 1996). Due to their high
width to depth ratios, depositional features such as central and transverse bars are thus common
(Rosgen 1996). Overall, F4 channels have an extreme sensitivity to disturbance, poor recovery potential,
very high sediment supply and streambank erosion potential, while riparian vegetative influence is
moderate (Rosgen 1994).
The BHR at the riffle cross section was measured to be 1.93. A BHR of 1.93 indicates that the channel is
deeply incised at the study reach and does not have adequate lateral connectivity to the floodplain. The
entrenchment ratio at the study location was measured to be 1.26, which means that the channel is
entrenched and does not get out on its floodplain. Longitudinal and lateral riparian vegetative buffers

were present, however, and adequate in length and width through a majority of the study reach
location.
Sinuosity was relatively low at 1.29 as this portion of stream has meander scrolls upstream and
downstream, but is relatively straight through the study reach. Sinuosity appears to have decreased
some since the 1938 aerial photo, however, the channel in the immediately upstream vicinity of the
gage appears to have already began to widen and become unstable (Figure 78). Evidence in the 1938
photos shows large point bar depositional areas, potential cut banks on outside meanders, and
straightening. Changes that were occurring in 1938 are likely still some of the same changes having an
effect on the channel today and thus culminating in the channel being classified as an F channel.
The Pfankuch stream stability assessment score was 113, which is a ‘poor’ rating for a C channel (i.e.
location’s stable channel type). Sediment supply from streambank erosion was estimated at 3.045 tons
(i.e. 6,090 pounds) of sediment per foot each year for the established pool study bank. This estimate
was the highest of all streambank erosion estimates from all survey sites within the Redwood River
watershed. The high estimate is attributed to several factors such as high near bank shear stress, little
to no vegetative bank protection, steep bank angle of repose, and bank stratification with abundant
sand and gravel (Figure 79). This bank may represent an extreme within the reach, however, several
other similar banks were noted during the survey; while other BEHI estimates were also higher than
many banks at other sites. Cut banks, excessive point bar deposition, and an over widened channel
were apparent at this location. Overall, this section of unstable F channel of the Redwood River is a high
sediment contributor.
Excess bed load and upstream sediment supply both contribute to pool filling through this reach of river.
Outside meander bends did not appear to have enough shear stress to scour outside bends at lower
flows and most of the pool areas within the reach were largely filled with excess sediment. Point bar
deposition and mid channel bars diverted flows into cut banks in several areas leading to further bank
failures and introduction of large woody debris in the channel. Large woody debris and coarse
particulate matter may be present in the channel and advantageous to some invertebrate communities,
however, excess bed load and sediment deposition are a large detriment to invert habitat as well.
Finally, downstream of the survey location the Redwood River was diverted around the city of Marshall.
Split in to two channels, the natural Redwood River channel has a flow control structure that prevents
upstream fish passage (Figure 80). The diversion channel, which is supposed to alleviate flooding in the
city of Marshall by carrying excess flows, also has a fish passage barrier. Together, the two structures
prevent upstream fish migration to 18 MPCA biological monitoring survey locations.

Figure 78. 1938 aerial photograph (A) of the Redwood River directly upstream of the Marshall gage
station depicting large point bar depositions that are a possible indication of channel widening. 2017
aerial photograph (B) of the same section of the Redwood River showing a widened channel, point bar
deposition, and survey location.

Figure 79. A monumented cross section was established on a pool study bank at the Redwood River –
Marshall Gage geomorphic survey location. Above, the study bank displayed attributes of high near
bank shear stress, little to no vegetative protection, steep bank angle, and bank stratification with an
abundance of erodible sands and gravels.

Figure 80. Upstream of the city of Marshall, the Redwood River was diverted into two separate channels
in an effort to reduce downstream flooding. The natural channel of the Redwood River has a flow
control structure that diverts excess flow into the diversion channel. The diversion channel also has a
structure, and together both structures stand as fish passage barriers.

Redwood River – Green Valley Site
Stream Information
Stream Name
AUID
County
Section, Township, Range
Entrenchment Ratio
Width/Depth Ratio
Bank Height Ratio

Redwood River
07020006-502
Lyon
S14 T112N R41W
1.21 - Entrenched
17.56 - Moderate to High
2.71

Drainage Area
Stream Type
Valley Type
Water Slope
Sinuosity
Study Bank Erosion Rate
Pfankuch Stability Rating

281.98mi 2
F5
U-GL-GO
0.00118
1.2
0.3188 tons/yr/ft
101 - Fair

The Redwood River survey location near Green Valley is located approximately four miles north east of
the city of Marshall and has a drainage area of 281.98 square miles. Land use within the watershed the
site is located within consists of 70.8% cultivated land, 14.4% perennial cover, 7.7% water and wetlands,
and 6.9% development (NLCD 2016).
The channel at the survey location was classified as an F5. Characteristics of F5 channels are nearly
identical to F4 channels with the exception that F5 channels are sand dominated (Rosgen 1996). The
BHR at the riffle cross section was measured to be 2.71. A BHR of 2.71 means that the channel is deeply
incised, and does not have access to its floodplain at two times bankfull max depth. The entrenchment
ratio of the channel at the survey location was measured to be 1.21, which means that the channel is
also entrenched at this location. Sinuosity of the channel was measured to be 1.2, which is low.
The high BHR and entrenchment ratio in correlation with the low sinuosity are indications of channel
instability caused in part by the historic channelization. Portions of the channel both directly upstream
and downstream of the survey location were historically straightened. The 1938 aerial photograph of
the channel shows channelization upstream of the site had already occurred, while a 1958 photo shows
that the currently channelized section downstream of the site had not yet occurred (Figure 81). Just
downstream of the study site, significant channel alterations were made. Between State Highway 23
(i.e. river mile 58.3) and Seaforth (i.e. river mile 20.3) alterations included excavation and straightening
in three reaches, as well as 8 cut offs and continuous clearing. Later, seven additional cutoffs were
authorized and completed. This section of river was designated as Judicial Ditch 37 (MPCA 2013; Figure
1). Channelization and straightening reduces stream length that in turn increases stream slope

Figure 81. 1938 aerial photograph (A) showing the naturally meandering channel of the Redwood River
downstream of the survey location compared to the 2017 aerial photograph (B) depicting the historical
channelization.
and thus induces channel incision. Channel incision lowers the bankfull elevation on existing banks that
along with increased flow due to hydraulic and hydrologic watershed changes, cause channel widening.
Simple GIS measurements taken from the 1938 aerial photograph georeferenced with the 2017 aerial
photograph shows the channel increased in width from approximately 17 feet to the 48 foot width
measured during the riffle cross section survey.
Lateral and longitudinal riparian vegetation was adequate along the southern side of the channel at the
survey reach. Along the north side of the channel, as well as upstream and downstream portions of the
river, agricultural land use was encroaching on the stream. Though many of these areas are likely
adequate in regards to acting as a buffer for over land flow, the overall width is not to a scale needed in
regard to stream stability. Sediment supply from the streambank erosion estimates were high at 0.3188
tons (i.e. 637.6 pounds) of sediment from the study bank per foot each year. The Pfankuch stream
stability score for the survey site was scored at 101, which is a ‘fair’ adjective rating for the stream’s
stable stream type of a C. Habitat was limited, especially in the channelized portions.

County Ditch #10
Stream Information
Stream Name
AUID
County
Section, Township, Range
Entrenchment Ratio
Width/Depth Ratio
Bank Height Ratio

County Ditch #10
NA
Lyon
S23 T110N R43W
7.17 - Slightly Entrenched
4.32 - Low
1

Drainage Area
Stream Type
Valley Type
Water Slope
Sinuosity
Study Bank Erosion Rate
Pfankuch Stability Rating

2.36 mi 2
E4
U-GL-TP
0.00616
1.13
NA
84 - Fair

The County Ditch #10 survey site is located one and a quarter miles west of the town of Russell and has
a drainage area of only 2.36 square miles. Due to the small scale of the catchment the survey site is
located within, land use statistics were not available. Land use within the watershed, as determined by
examining aerial photography, consists primarily of agricultural fields.
The attributes measured at the study site classified the stream channel as an E4 stream type when
surveyed in 2015. Characteristics of E4 channels are identical to E5 channels with the exception that E4
channels have predominantly gravel sized substrates in contrast to the finer substrates of an E5 channel
(Rosgen 1996). The BHR at the riffle cross section was measured to be 1, which is not incised. The
entrenchment ratio of the channel at the study location was measured to be 7.17, which has an
adjective rating of slightly entrenched. At first sight, the channel appears to be deeply incised due to the
channel size in comparison to the valley depth, however, it has more to do with the way the two
attributes are measured. The BHR is the low bank height divided by the max bankfull depth, whereas
the entrenchment ratio is flood-prone width divided by bankfull width. In the case of the County Ditch
#10 riffle cross section, the bankfull elevation is also the low bank height. When the bankfull bench is
also the low bank height, the BHR is equal to 1; the flood-prone elevation then is two times the bankfull
elevation. The flood-prone elevation makes the channel appear entrenched because it is held within the
taller valley walls, however, compared back to the bankfull elevation the channel is not entrenched
(Figure 82).

The CD10 survey site location had adequate lateral and longitudinal riparian vegetative buffers in
regards to both overland runoff and stream stability. Sediment supply from streambank erosion was not
estimated at this site, nor was a monumented study bank installed. The Pfankuch stream stability rating
was scored at an 84, which is considered ‘fair’ for an E4 channel. Overall habitat quality in the 2,725
foot section of CD10 channel that was surveyed is only pertinent to invertebrates with the capacity to
colonize new areas through an aerial life stage. Immediately upstream of the surveyed channel, CD10 is
an underground drainage system; and immediately downstream is a perched culvert (i.e. planned
location of TWP Road 163 structure) and the Coon Creek TWP 24 structure just 980 feet downstream of
that. Both the perched culvert and the Coon Creek TWP 24 structure stand as fish passage barriers.
Overhanging tall grass banks and medium to course gravel substrates, however, are suitable for various
invertebrate assemblages.

Figure 82. Riffle cross section used for channel classification identifying the bankfull elevation (i.e. also
low bank height at this riffle) in relation to the flood-prone elevation. Bankfull, flood-prone elevation,
and low bank height are all integral components to deriving bank height ratio (i.e. BHR; low bank height
divided by bankfull height) and entrenchment ratio (i.e. flood-prone width divided by bankfull width).

Indian Creek – Camden State Park
Stream Information
Stream Name
AUID
County
Section, Township, Range
Entrenchment Ratio
Width/Depth Ratio
Bank Height Ratio

Indian Creek
07020006-541
Lyon
S5 T110N R42W
2.99
12.3
1.06

Drainage Area
Stream Type
Valley Type
Water Slope
Sinuosity
Study Bank Erosion Rate
Pfankuch Stability Rating

0.5mi 2
C4b
C-AL-FD
0.029
1.19
NA
NA

The Indian Creek survey site is located in Camden State Park and has a drainage area of approximately
0.5 square miles. Due to the small scale of the catchment the survey site is located within, land use
statistics were not available. Land use within the watershed, as determined by examining aerial
photography, is almost completely perennial cover.
The channel at the study site location was classified as a C4b stream type. C4b stream types are slightly
entrenched, meandering, gravel dominated riffle-pool channels that have well developed floodplains
(Rosgen 1996). C4 channels are typically found in U- shaped glacial valleys, and in very broad, coarse
alluvial valleys in plains areas (Rosgen 1996). C4 stream types have gradients of 2% or less, however, the
C4b stream type has a higher gradient than other C channels (i.e. 0.02 – 0.039; Rosgen 1996). C4 stream
types display a high width to depth ratio, are slightly more sinuous and have a higher meander width
ratio than C1-C3 stream types (Rosgen 1996). Streambanks in C4 channels are typically unconsolidated
heterogeneous, non-cohesive, alluvial materials that are finer than the gravel dominated bed materials
(Rosgen 1996). Due to the bank composition, the stream type is susceptible to accelerated bank erosion
where rates of lateral adjustment are influenced by the riparian vegetative condition (Rosgen 1996).
Unless streambanks are in a lower erodibility condition, sediment supply is moderate to high. The C4
stream type is characterized by the presence of point bars and other depositional features and is very
susceptible to shifts in both vertical and lateral stability caused by direct disturbance and alterations to
flow or sediment regimes (Rosgen 1996). Overall, C4 streams have a very high sensitivity to disturbance,
good recovery potential, high sediment supply, and very high streambank erosion potential where
vegetative influence is very high (Rosgen 1994; Appendix III).

The BHR at the riffle cross section was measured to be 1.06, meaning that the bankfull and low bank
elevations are very close together. A BHR of 1.06 indicates that the channel has not down cut and
incised much, and has adequate lateral access to the floodplain. The entrenchment ratio was measured
to be 2.66 (i.e. slightly entrenched), which is a direct result of the channels valley type in relation to its
floodplain elevation. The valley type was classified as a confined (C) alluvial (AL) fluvial deposition (FD)
and narrow floodplain. C channels are considered to be stable channels within the C-AL-FD valley type,
and the Indian Creek channel at the study location is a representation of that. When analyzing the
various dimensional attributes of the Indian Creek channel at the survey location, the channel would
likely fall into the B channel classification if it were not for the entrenchment ratio. The width to depth
ratio and sinuosity falls into both the B and C classifications, the entrenchment ratio into a C
classification, and slope into a B classification. The slope also falls into the Cb classification as a high
slope C channel, which is what the ‘b’ is meant to denote. Due to ‘b’ and ‘c’ designations for slopes
greater and lower, respectively, than the range of the typical C channel range; the channel best fits into
the Cb classification.
The Indian Creek survey location was chosen and assessed at a survey techniques course, therefore,
streambank erosion estimates and Pfankuch stream stability assessments were not conducted. The
stream does have adequate lateral floodplain connectivity, as well as good lateral and longitudinal
riparian quality. Sinuosity of the channel was measured to be 1.19, which is not atypical for a confined
channel with a moderately sloped channel. Immediately downstream of the survey location, Indian
Creek has been impounded by a fish passage barrier that creates a small swimming pond. The fish
passage barrier, along with the small drainage area of the stream, does not lend the stream to being a
very suitable stream for fish assemblages. The habitat within the stream, however, does constitute
relatively quality habitat for various invertebrate assemblages. The grade of the stream works to pass
fine sediments that enter the stream from the adjacent steep valley walls, while the substrate of the
channel was comprised of gravels and small cobble providing interstitial spaces and hyporheic zone for
colonization. Furthermore, the bordering woodlands provide a constant flow of large and small woody
debris, leaves, coarse particulate matter, and other allochthonous energy inputs for shredders, collector
gatherers, and other benthic macroinvertebrates.
Redwood River and Minor Tributaries Restoration and Protection Strategies
From the headwaters of the Redwood River watershed in the southwest, to approximately Marshall, the
watershed has an average fall of 18 feet per mile. From Marshall east to Redwood Falls, however, the
average fall is only 4 feet per mile (MPCA 2013). The very upper end of the Redwood River has a
generally low slope and survey locations classified the channel around the Ruthon, MN area as an E
channel. E channels are typically high in sinuosity and very dependent upon riparian vegetation to
maintain structural integrity. Maintaining adequate riparian vegetation and floodplain connectivity near
the channel in these upper watershed stream miles is vitally important to maintain channel stability.
Furthermore, E channels rely on sinuosity and narrow deep channels to transport the sediment of their
watershed. Several areas at and near survey sites have historically been channelized, creating a myriad
of sediment transport and channel stability issues. In channel restoration efforts in these channelized
reaches should focus on restoring high degrees of sinuosity and proper channel dimensions based on
stable E channels in similar geological settings.
As the Redwood River flows downstream, the fall in elevation throughout the watershed increases until
roughly the Marshall, MN area. In the steeper landscapes of this portion of the watershed the channels

surveyed appear to be in some state of channel evolution, or channel evolutionary processes were
apparent in various channel dimensions. Steep landscapes tend to have higher runoff ratios, more
frequent flooding, and are subject to flooding. Within these areas, floodplain connectivity is very
important and ensuring that the channel can access its floodplain will help to reduce stress within the
channel. When streams down cut and higher than bankfull flows are contained within the channel,
greater stress within the channel begins to reduce streambank integrity and channel evolutionary
processes are more probable. In areas where the entrenchment ratio may be low due to valley type,
working to reduce channel down cutting, maintaining floodplain connectivity, and ensuring adequate
riparian width and vegetation is all the more important. Restoration efforts within these channels that
may have already begun a channel evolutionary process should stay away from locking problematic
portions of the channel in place through rip rap (i.e. unless infrastructure or public safety is a direct
concern). Rip rapping highly eroding banks is only a band aid fix for large systemic hydrologic and
hydraulic issues in the watershed. Water retention through wetland restoration, increases in soil
organic matter, cover crops, restored prairies, and other natural water storage options should be
implemented throughout the watershed.
The majority of the portion of watershed downstream of Marshall, MN has significantly less fall than
upstream. Lower gradient streams are more typical throughout this landscape and should again work to
maintain sinuosity to help transport the sediment of the watershed. Portions of the channel
downstream of Marshall are also designated as a Judicial Ditch. Instream work within this section, as
well as other channelized reaches, such as ‘maintenance’ should be avoided to help maintain natural
channel dimensions and processes. Disruptions of natural processes working to remeander straightened
sections should be avoided as the channel is working to build itself a new floodplain within the ditch.
These small low flow channels have increased sediment transport capacity and naturally create habitat
for aquatic biota. Cleaning out or maintaining channelized sections resets the evolutionary process that
natural flow dynamics and physics are building within the ditch, as well as cause whole sale destruction
of any instream habitat.
Throughout the watershed, bridges and culverts should be thoroughly assessed when being replaced to
make sure that they are sized appropriately for the channel’s dimension. As various portions of the
Redwood River has gone through channel evolutionary processes, down cutting and channel widening
has occurred. Ensuring that culvert replacements are adequately sized for the channel width will help to
reduce the number of culverts that may exist as barriers through velocity or by being perched.
Furthermore, making sure that bridges have adequate span will help to reduce the occurrence of failure
or infrastructure damage during flood flows and large precipitation events.
Overall, a myriad of BMPs will need to be utilized through the watershed to address the systemic issues
that are taking a toll on the natural conditions of the Redwood River. Working on the landscape and
near channel locations will be a better bet to invest money than trying to work in the river in areas
where it has become large, unstable, and has areas of bank failure. Focusing on restoring and
preserving adequate quality riparian vegetation and width, floodplain connectivity, sinuosity, and water
storage on the landscape should be prioritized over instream hard armoring or highly engineered
instream practices. Channel restoration and instream projects should be focused in the upper
watershed and small tributaries to the Redwood River where efforts will have a higher impact and
degree of success. Additional subwatershed assessment work to prioritize and target where to conduct
restoration work will be beneficial to success.

Norwegian Creek
Stream Information
Stream Name
AUID
County
Section, Township, Range
Entrenchment Ratio
Width/Depth Ratio
Bank Height Ratio

Norwegian Creek
07020006-527
Lincoln
S28 T110N R45W
8 - Slightly Entrenched
5.11 - Low
1

Drainage Area
Stream Type
Valley Type
Water Slope
Sinuosity
Study Bank Erosion Rate
Pfankuch Stability Rating

22.62 mi 2
E4
U-GL-TP
0.0025
1.52
0.0931 tons/yr/ft
73 - Good

The Norwegian Creek survey site is located approximately two and a half miles north of Lake Benton and
has a drainage area of 22.62 square miles. Land use within the catchment draining to the survey
location consists of 70.7% cultivated land, 20.7% perennial cover, 4.9% water and wetlands, and 3.7%
development (NLCD 2016).
The attributes measured at the study site classified the stream channel as an E4 stream type.
Characteristics of E4 channels are identical to E5 channels with the exception that E4 channels have
predominantly gravel sized substrates in contrast to the finer substrates of an E5 channel (Rosgen 1996).
The BHR at the riffle cross section within the study reach was measured to be 1, meaning that the
bankfull max depth and lower bank height were the same. A BHR of 1 also means that the channel has
as much access to its floodplain as possible and is a large component in maintaining stream stability.
The entrenchment ratio at the study location was measured to be 8. An entrenchment ratio of 8 means
that the channel is just slightly entrenched, and with a BHR of 1, the entrenchment ratio is solely driven
by the valley width and not due to any incision.
The lateral and longitudinal vegetative corridor was adequate and restored to undisturbed perennial
cover for the area directly surrounding the study reach. Riparian corridors upstream of the study area
were pastured along Norwegian Creek and had areas of noticeable damage to channel dimensions due
to cattle trampling. Sediment supply from streambank erosion was moderate compared to other sites
and estimated at 0.0931 tons (i.e. 186.2 pounds) a foot a year from the pool study bank. The Pfankuch
stream stability assessment scored this portion of Norwegian Creek at 73, which is a ‘good’ adjective
rating for and E4 channel.

Norwegian Creek – Pasture
Stream Information
Stream Name
AUID
County
Section, Township, Range
Entrenchment Ratio
Width/Depth Ratio
Bank Height Ratio

Norwegian Creek
07020006-527
Lincoln
S33 T110N R45W
6.66 - Slightly Entrenched
6.26 - Low
1

Drainage Area
Stream Type
Valley Type
Water Slope
Sinuosity
Study Bank Erosion Rate
Pfankuch Stability Rating

22.72 mi 2
E4
U-GL-TP
0.00215
1.52
0.0889 tons/yr/ft
NA

The Norwegian Creek pasture survey site is located across the road and just downstream of the
previously described Norwegian Creek survey location. The channel in this location was also classified as
and E4 channel with many similarities to its upstream location. The BHR was also measured to be 1,
indicating that the channel has adequate floodplain connection. Furthermore, the entrenchment ratio
was 6.66, indicating that the channel is only slightly entrenched.
The lateral and longitudinal riparian zone was not being encroached upon by tillage, however it was
being utilized as pasture land. The survey location was chosen in large part because the riparian area
was being pastured. The pairing of the non-pastured and pastured sites beside each other allowed us to
identify whether the two differing land uses had effects on the stream channel. Initial assessment of the
entrenchment, width/depth, and bank height ratios did not depict large differences between the two
channels. However, several differences existed between the two sites that are not represented by the
numbers. The pastured site had areas of bank trampling and localized raw banks due to cattle traffic.
Furthermore, several instances of mid channel bars existed within the channel, indicating a reduced
sediment transport capacity as well as likely an increase in sedimentation.
Sediment supply from streambank erosion was estimated at 0.0899 (i.e. 179.8 pounds) tons per foot of
study bank each year. The estimated erosion rate was just below the estimate calculated for the
upstream channel surrounded by undisturbed perennial cover. The differences between the two
estimates are negligible, and due solely to slight differences in the estimate’s input measurements.
Streambank erosion in the pastured site did not appear to be occurring at outside bends, rather it was
occurring through bank trampling and raw banks located at cattle crossings (Figure 83).

Figure 83. Bank erosion at the Norwegian Creek – Pasture survey location was primarily due to bank
trampling and channel widening caused by cattle traffic.
Habitat quality within the two channel segments surveyed varied subtly and was somewhat limited
overall between the two segments. Both segments had relatively shallow pools and little refuge habitat.
The section within the perennial riparian habitat had greater bank cover with overhanging tall grasses
that contributed to invertebrate habitat as well as channel shading and hides for fish from terrestrial
predators. The pasture section, however, had very little bank shading and little to no terrestrial habitat
interfacing the aquatic environment. Neither channel had much for woody debris or upstream
contributions of allochthonous energy. Subtle differences existed between the two segments in regards
to channel substrates. The upstream perennial portion had overall coarser material in the riffles and
showed less sign of being smothered by fine sediments. The upstream segment’s riffles were comprised
of roughly 9% of particles between zero and 2mm (i.e. size range of silt to sands), and 48% of particles
between 32 and 90mm (i.e. size range of coarse gravel to small cobble). Whereas the pasture’s riffles
were comprised of roughly 45% of particles between zero and 2mm, and only 6% of particles between
32 and 90mm.

Coon Creek
Stream Information
Stream Name
AUID
County
Section, Township, Range
Entrenchment Ratio
Width/Depth Ratio
Bank Height Ratio

Coon Creek
07020006-511
Lincoln
S11 T110N R44W
14.88 - Slightly Entrenched
8.06 - Low
1.11

Drainage Area
Stream Type
Valley Type
Water Slope
Sinuosity
Study Bank Erosion Rate
Pfankuch Stability Rating

68.2 mi 2
E5
U-LA-LD
0.000476
1.78
0.0556 tons/yr/ft
113 -Poor

The Coon Creek survey site is located roughly four and a quarter miles north of the town of Tyler and
has a drainage area of 68.2 square miles. Land use within the watershed the site is located within
consists of 67.9% cultivated land, 15.4% perennial cover, 11.2% water and wetlands, and 4.4%
development (NLCD 2016).
The attributes measured at the study location classified the channel as an E5 channel at this location.
The BHR at the riffle cross section was measured to be 1.11, meaning that the channel is considered to
be stable and has good lateral connection to its floodplain. The entrenchment ratio of the channel was
measured to be 14.88, meaning that the channel is slightly entrenched. Adequate lateral and
longitudinal riparian vegetative buffers were present throughout the floodplain at this location, though
they were dominated by Reed Canary grass.
Sinuosity was measured to be 1.78 as the channel has not historically been channelized, however, the
meandering pattern does not have any super meanders in this specific location to increase the sinuosity
further. Sediment supply from streambank erosion was estimated to be 0.0556 tons (111.2 i.e. pounds)
of sediment were eroding from the study bank per foot each year. The Pfankuch stream stability
assessment score was 113 with and adjective rating of ‘poor’ for an E5 stream.
The channel at the Coon Creek survey site showed adequate pool depths that would be nearly 3 feet
deep in places even under base or low flow conditions. The moderately undulating bottom is
maintained by the shear stress created at the outside bends of the naturally meandering channel. Sixty
four percent of the particles in the reach pebble count were classified as silt or sand (i.e. <0.062 to 12mm). Similar to the geologic setting of the Redwood River CR80 site, the fine particles are more likely

attributed to local geology than upstream sediment sources. Unlike Redwood River CR80 site, however,
the Coon Creek channel appeared to be efficiently transporting the sediments of its watershed as there
was significantly less point bar development and persisting slumps. The Coon Creek channel was a more
representative of a naturally meandering prairie E channel. Habitat within the channel was of adequate
quality and also representative of a natural prairie E channel. Little to no large woody debris existed
within the channel at the survey location, but over hanging tall prairie grass and undercut streambanks
provided proper micro habitats throughout the reach.
Norwegian and Coon Creek Restoration and Protection Strategies
As previously noted within the site summaries, both Norwegian Creek and Coon Creek were classified as
E channels at the survey locations. E channels are a common and prominent stream type in lower
gradient landscapes of prairie regions. Aerial assessments of both watersheds shows that the riparian
areas surrounding the two streams is commonly used for pasturing and grazing cattle. Pasture and
grazing management can work to either be a driving force to channel instability or attribute of channel
stability for these two streams because E channels are highly dependent upon riparian vegetation for
structural integrity of the channel. Therefore, over grazing of riparian areas can lead to channel
widening as well as bank trampling and then reduced channel stability and sediment transport capacity.
Managed rotational grazing can work to utilize the land, while still maintaining strong enough riparian
vegetative communities to provide resilience to streambanks and channel pattern. Norwegian Creek
and sections of Coon Creek would benefit from improved rotational grazing practices (Figure 84) to
maintain better riparian vegetative communities. Furthermore, areas where row crops are encroaching
on the stream channel and confining the sprawling meandering pattern should be moved back.
Channelized portions of Coon Creek, especially in the headwaters upstream of Dead Coon Lake should
be considered for restoration efforts. Complete restoration of channel dimension, pattern, and profile
are possible in smaller channels of this watershed size and have a higher probability of success than in
larger more unstable streams. Areas upstream and downstream of Dead Coon Lake appear to have a
naturally sinuous pattern that has not been highly altered. This natural pattern, where found, should be
preserved. Areas upstream of Dead Coon Lake appear to have a largely adequate riparian vegetative
width, however, areas downstream of the lake would benefit by a restored larger riparian width.
Furthermore, both channels appear to have issues with longitudinal connectivity. At minimum,
Norwegian Creek appears to have seasonal connectivity issues at the U.S. Highway 75 crossing, as well
as other apparent issues at property lines throughout the upstream watershed. Coon Creek appears to
have at least two connectivity barriers, a perched culvert at Dead Coon Lake outlet on County Road 110,
and Coon Creek 00730. Proper culvert sizing should be considered when replacements occur as both
longitudinal connectivity and sediment transport appear be to issues at several crossings throughout the
watersheds.

Figure 84. Heavy grazing practices in the riparian zone Norwegian creek has contributed to channel
widening and channel instability in areas.

Upper Three Mile Creek
Stream Information
Stream Name
AUID
County
Section, Township, Range
Entrenchment Ratio
Width/Depth Ratio
Bank Height Ratio

Three Mile Creek
07020006-504
Lyon
S22 T111N R43W
2.33 - Slightly Entrenched
7.8 - Low
2.12

Drainage Area
Stream Type
Valley Type
Water Slope
Sinuosity
Study Bank Erosion Rate
Pfankuch Stability Rating

21.34 mi 2
E5
U-GL-GO
0.00376
1.44
0.0975 tons/yr/ft
89 -Fair

The upper Three Miles Creek survey site is located approximately five and a quarter miles north west of
the town of Lynd, and has a drainage area of 21.34 square miles. Land use within the subwatershed the
survey site is located within consists of 74% cultivated land, 16.8% perennial cover, 5.3% water and
wetlands, and 3.5% development (NLCD 2016).
Similar to Coon Creek, the channel at the upper Three Mile Creek survey location was also classified as
an E5. The BHR at the riffle cross section was measured to be 2.12. A BHR of 2.12 means that the
channel is deeply incised and does not have adequate access to its floodplain. The entrenchment ratio
was measured to be 2.33, an adjective rating of ‘slightly entrenched.’ The adjective rate for the
entrenchment ratio indicates that the channel has adequate floodplain access, however, the riffle cross
section (Figure 85) indicates that the adjective rating is misleading. The flood-prone elevation at the
riffle cross section may be 2.33 times wider than the bankfull width, but the channel is 0.5 feet too
incised to access a much more expansive floodplain. Adequate lateral and longitudinal riparian
vegetative buffers were present through the floodplain however.
Sinuosity at the site was measured to be 1.44, which is low for an E channel. Sediment supply from
streambank erosion estimates were moderate when compared to other survey sites within the
watershed. Estimated rates were 0.0975 tons (i.e. 195 pounds) of sediment a year per foot of study
bank. A monumented cross section was established at the pool study bank, and erosion was shown to
range from 0.6 to 1.8 feet laterally, further indicating moderate to high erosion rates. A Pfankuch
stability assessment was completed at the survey location, scoring an 85 or ‘fair’ rating.

The longitudinal profile surveyed at the upper Three Mile Creek site identified adequate pool habitat
that should remain 1.5 to 2 deep even under low or base flows. The undulating bottom is maintained by
the natural meander pattern of the small channel that was roughly 15 feet wide at bankfull depth. The
channel bottom was largely comprised of silt and sands (i.e. <0.062 to 1-2mm) in the reach pebble
count, while the riffles did contain some coarser sands and medium gravels (i.e. 2 to 16mm size). Similar
to other reaches, the substrate of channel is largely due to the geologic setting the channel flows
through. However, a road retention structure exists just downstream of the survey site. The road
retention structure has a culvert that is at or below the appropriate size for the channel’s bankfull width.
When flows in the channel increase, the culvert becomes inadequately sized by design in order to back
water up in the channel and out on to the floodplain; thus flooding the valley the channel flows through.
The culvert itself likely stands as a fish passage barrier at most all flows (Figure 86), while the flooding of
the valley reduces upstream instream velocity and sediment transport capacity. The short term storage
before the structure may help to briefly reduce downstream flows, however, it is also causing more
instream deposition of fine sediments than a free flowing channel would. The extra reduction of instream velocities and reduced sediment transport is also likely why the mid channel bars and
depositional features have not naturally been cleared from the channel.

Figure 85. Riffle cross section surveyed at the Upper Three Miles Creek study site showing that the
channel has incised 0.5 feet too deep to have a much greater lateral floodplain width, and thus a much
higher entrenchment ratio.

Figure 86. Road retention structures found within the Redwood River watershed, like the one at the
upper Three Mile Creek survey location, are likely fish passage barriers at most all flows.

Lower Three Mile Creek
Stream Information
Stream Name
AUID
County
Section, Township, Range
Entrenchment Ratio
Width/Depth Ratio
Bank Height Ratio

Three Mile Creek
07020006-504
Lyon
S13 T112N R42W
5.73 - Slightly Entrenched
9.54 - Low
1.28

Drainage Area
Stream Type
Valley Type
Water Slope
Sinuosity
Study Bank Erosion Rate
Pfankuch Stability Rating

69.01 mi 2
E4
U-GL-TP
0.00053
1.56
0.1416 tons/yr/ft
96 - Fair

The lower Three Mile Creek survey site is located roughly two miles east of the town of Ghent and has a
drainage area of 69.01 square miles. Land use within the subwatershed the survey site is located within
consists of 84% cultivated land, 8.7% perennial cover, 3.3% water and wetlands, and 3.9% development
(NLCD 2016).
Measurements taken at the lower Three Mile Creek survey location classified the channel as an E4
channel. The BHR at the riffle cross section was 1.28, meaning that the channel is considered to be
‘slightly incised.’ Flood-prone elevations at the riffle cross section indicate that the channel has
sufficient access to its floodplain and flood-prone elevations are nearly three feet above the low bank
height. The entrenchment ratio at the same location was measured to be 5.73, indicating that the
channel is only ‘slightly entrenched.’ Longitudinal and lateral riparian vegetative buffers adjacent to the
stream channel were adequate in some areas, but being encroached upon by land use in many others.
Sinuosity at the survey location was measured to be 1.56, which is just above the threshold expected for
E channels. Sediment supply from streambank erosion was higher than the upper Three Mile Creek
survey location. Estimates were 0.1416 tons (i.e. 283 pounds) of sediment per foot of study bank per
year. A monumented cross section as not established at this survey location, however, so estimates
were not able to be cross referenced with resurvey data. Finally, a Pfankuch stream stability assessment
was completed where the channel scored a 96; or ‘fair’ adjective rating for and E channel.
Overall, the channel held little quality habitat throughout the reach surveyed. The longitudinal profile
identified that very little pool habitat existed in the reach, most likely attributed to the longer section
without significant meander bends. Substrate within the reach was primarily comprised of silt, clay and

sand, while the riffles had primarily sands and small gravels. Some overhanging tall grasses and willow
branches provided some terrestrial to aquatic interface, but overall little channel shading or
allochthonous energy inputs were evident. The channel in this location does not appear to have
changed much in regard to pattern since the 1938 aerial photograph (Figure 87), therefore, the lack of
pool habitat may be due to the portion of stream surveyed.
Three Mile Creek Restoration and Protection Strategies
Though E channels are more prominent in lower gradient landscapes, the upper Three Mile Creek survey
location was classified as a small E stream. Three Mile Creek, near its headwaters quickly begins to flow
through the steeper sloped drop in the watershed landscape previously described as being west and
southwest of the city of Marshall, MN. The upper Three Mile Creek survey location was measured to be
deeply incised and has likely down cut over time due to an increase in watershed drainage, changing
land uses, and increased precipitation. Within the far upper end of the Three Mile Creek watershed,
several wetland restoration opportunities exist, including a relatively large depressional wetland type
area that appears to have been previously drained through channelization (Figure 88). Restoration of
the wetlands in the far upper end of the watershed will help to reduce and minimize any further channel
down cutting within the upper Three Mile Creek survey location. Furthermore, the far upper reaches of
the watershed is an ideal location to complete channel restorations of the channelized reaches of the
stream. Such restorations will restore the dimension, pattern, and profile of the stream and will result
in a vast increase of aquatic habitat as well as additional water storage.
As Three Mile Creek continues to flow to, and past, the upper Three Mile Creek survey location, the
landscape steepens, as does the stream. Throughout the steeper reaches of Three Mile Creek,
vegetation and floodplain connectivity become all the more important. Increasing slope will increase
stream velocity and thus shear stress that can lead to increased erosion and channel migration.
Protecting or restoration floodplain connectivity will allow for the velocity of higher flows to be reduced
as they spill out onto the floodplain and dissipate across the adjacent landscape. Furthermore,
vegetation and a quality riparian area with deep rooted vegetation will help to ensure structural
integrity of the streambanks. Several pastures are utilized throughout this specific reach and rotational
grazing management or restoration of the riparian zone all together will help provide streambank
resilience. Finally, sinuosity should be preserved within this portion of Three Mile Creek. Increased
sinuosity means an increase in stream length which thus means a decrease in stream slope. A loss of
sinuosity in this region will increase stream slope and thus stream velocity and erosional shear stress.
The lower portions of the Three Mile Creek watershed (i.e. near the lower Three Mile Creek survey
location and downstream) is a more gently sloped landscape and a lower gradient stream. Many
locations lack adequate riparian vegetative width and much of the stream appears to be getting
encroached upon by row crop land use. When outside meander bends erode or evolve (i.e. either
naturally or at an accelerated rate) in similar scenarios the initial response by many is to try and stop the
erosion or loss of land through hard armoring. Hard armoring, however, is an expensive approach that
locks portions of the stream in place, works against natural evolutionary processes, and transfers the
problem to another area downstream. Broadening riparian widths, increasing riparian vegetative
quality, and natural approaches like re-sloping and vegetating banks or toe wood should be explored
before hard armoring (i.e. in the absence of threatened homes or infrastructure). Furthermore, a
myriad of BMPs should be utilized throughout the watershed in order to address systemic watershed
issues plaguing this portion of Three Mile Creek.

Figure 87. 1938 aerial photograph (A) beside a 2017 aerial photograph (B) showing that the lower Three
Mile Creek channel at the survey location has not changed its pattern much.

Figure 88. Numerous depressional wetland areas exist as opportunities for water storage throughout
the upper and lower ends of Three Mile Creek watershed (i.e. figure represents watershed of lower Three
Mile Creek watershed).

Upper Ramsey Creek – Judicial Ditch #33
Stream Information
Stream Name
AUID
County
Section, Township, Range
Entrenchment Ratio
Width/Depth Ratio
Bank Height Ratio

Ramsey Creek
07020006-520
Redwood
S1 T112N R37W
1.55 - Moderately Entrenched
9.05 - Low
3.16

Drainage Area
Stream Type
Valley Type
Water Slope
Sinuosity
Study Bank Erosion Rate
Pfankuch Stability Rating

43.69 mi 2
G5c
C-GL-TP
0.00069
1
0.0155 tons/yr/ft
95 - Fair

The upper Ramsey Creek, where the creek is also Judicial Ditch #33, is located approximately five and a
quarter miles west of the city of Redwood Falls, MN. Land use within the subwatershed consists of
95.4% cultivated land, 0.5% perennial cover, 0.4% water and wetlands, and 3.6% development (NLCD
2016).
Pattern, profile, and dimension measurements collected at the survey site identified the channel as a
G5c stream type. The upper Ramsey Creek channel does not act like a typical naturally formed G5
channel, however. Because the ditched manmade channel does not act like a typical G channel, the
description of that channel type will not be elaborated on. It is the mere pattern, profile, and
dimensions of the manmade channel that best matches those of G classification. The manmade channel
in this instance does not have the excess sediment and erosion problem typically found in a natural G
channel.
The BHR at the survey location’s riffle cross section was measured to be 3.16, indicating that the channel
is deeply incised. The entrenchment ratio at the same location was 1.55, meaning the channel is
moderately entrenched as well. Historical channelization sometime after 1955 is the reason the channel
is incised and entrenched, as well as the reason why the sinuosity of the channel calculated to 1. Lateral
and longitudinal connectivity of the channels riparian corridor may be wide enough to be compliant with
the buffer law, but vegetative width adjacent to the channel is inadequate in regards to channel and
floodplain stability. Sediment supply from streambank erosion was estimated to be 0.0155 tons (i.e. 31
pounds) per foot of study bank per year, however, a monumented study cross section was not
established at this location to validate the estimate. A Pfankuch stream stability assessment scored the

channel at 95, which is considered to be a ‘fair’ score for an E channel (i.e. the locations stable channel
type), however, the channel does not resemble or function as an E in any form.
Overall, the channel at the upper Ramsey Creek – Judicial Ditch #33 survey location has no habitat and
holds virtually no aquatic resource value. The stream has historically been channelized, thus destroying
any and all habitat that may have once existed. The channel has likely been maintained through the
years, and the channel substrates identify that the channel does not hold the capacity to transport the
sediments of its watershed (i.e. majority of sediments < 2mm). A lack of sediment transport capacity,
and lack of larger particles to recruit from the geologic setting of the channel, leaves the substrate of the
stream smothered in fine particles not conducive to spawning of many species, nor habitat quality
enough to support a benthic macro invertebrate population to utilize as a food source. The continued
maintenance of channels such as the Upper Ramsey Creek – Judicial Ditch #33 channel depletes the
aquatic resources value of such streams and does not allow for natural processes to redevelop any
habitat features.

Lower Ramsey Creek
Stream Information
Stream Name
AUID
County
Section, Township, Range
Entrenchment Ratio
Width/Depth Ratio
Bank Height Ratio

Ramsey Creek
07020006-521
Redwood
S36 T113N R36W
1.4 Moderately Entrenched
19.72 - Mod to High
2.23

Drainage Area
Stream Type
Valley Type
Water Slope
Sinuosity
Study Bank Erosion Rate
Pfankuch Stability Rating

66.44 mi 2
B3c
C-CO-US
0.0132
1.17
tons/yr/ft
NA

The lower Ramsey Creek survey location is positioned within Ramsey Park on the northwest corner of
the City of Redwood Falls, MN. Drainage area to the survey location is 66.44 square miles where land
use is comprised of 94.1% cultivated land, 1.2% perennial cover, 0.8% water and wetlands, and 3.8%
development (NLCD 2016).
Similar to the channel on the Redwood River at Camden State Park, the Lower Ramsey Creek survey site
channel is also a B3c stream type. Measurements at the riffle cross section determined the BHR to be
2.23. A BHR of 2.23 is considered to be deeply incised. The entrenchment ratio was measured to be 1.4
at the same location. An entrenchment of 1.4 is considered to be moderately entrenched, as the
channel is roughly 0.75 feet below having good floodplain access over its left bank. Lateral and
longitudinal riparian vegetative buffer was more than adequate throughout this portion of Ramsey
Creek as it is a county park.
Sinuosity at the Lower Ramsey Creek site was also low, however, the low sinuosity is due to the steep
grade of the valley and stream type rather than historical channelization. Sinuosity was measured to be
1.17, just below the typical range found for B channels. Several banks showed signs of mass failure
along the incised channel and a study bank was established. However, upon return visits to measure
streambank erosion, the monumented cross section was no longer able to be found. Sediment
contribution from streambank erosion was estimated using the BEHI method. Estimated erosion for the
pool study bank was 0.2744 tons (i.e. 548.8 pounds) of sediment a foot per year.
Habitat within the survey reach was both diverse and of relatively high quality, even given the degree of
incision the channel was measured to have. Deep pools existed below the riffles of the B channel, with
the longitudinal profile displaying the typical step-pool characteristics B channels are known for. Riffles
were primarily consisted of cobble to small boulders where 72% of particles were measured to be
between 90 and 362 mm. Some riffles had bedrock exposures that will help to prevent further incision

in the channel bottom in specific areas. Most riffles with larger particles and steeper slopes were
providing for good mixing to promote oxygenation, as well as cover boulders for providing areas of
current relief. Areas of fine sediment deposition were sparse and 46% of particles in the reach pebble
count were measured to be between 64 and 362 mm (i.e. small cobble to small boulders). Overall,
quality diverse habitats (e.g., quality riffles, adequate pools, substrate diversity, and large woody debris)
for fish and invertebrates existed throughout the reach. Unfortunately the fish assemblage potential is
hampered by the downstream fish passage barrier that Ramsey Falls constitutes.
Ramsey Creek Restoration and Protection Strategies
Preservation efforts in the Ramsey Creek watershed should be focuses on the land and channel within
the park. The park in itself is a large preservation feature, however, preserving a natural free flowing
channel throughout the park should be a focus. By not rip-rapping failing banks or allowing increased
disturbance to the near channel location the natural riparian areas will help to maintain channel
dimension, pattern, and profile.
Potential restoration efforts within the watershed are numerous and should employ a myriad of
practices. Virtually the entire watershed outside of the park and city limits of Redwood Falls has been
channelized and altered by anthropogenic actions. These alterations have created a channel largely
devoid of habitat for aquatic biota while also leading to downstream incision through altered hydrology
due to increased drainage. Full channel restorations should be considered throughout the watershed,
starting in the upstream portions. Full restorations can be expensive however, and at minimum the
channel could benefit by refraining from continued ditch cleanouts. Sediments in the bottom of
channelized reaches often accumulate in a manner that creates a small meandering channel within the
ditch. These small channels develop habitat (i.e., riffle, run, pool, and glide sequences) suitable to
sustain some form of aquatic biota. By ‘cleaning out’ the sediments that accumulate at a bankfull
elevation the channel becomes devoid of all habitat again.
Restoration efforts throughout the watershed should also be employed to mitigate the impacts of the
anthropogenic alterations. Wetland restorations should be implemented to help offset in the increased
drainage and altered hydrology, while Ag BMPs should be employed to keep erodible sediments of
agriculturally worked lands out of the stream. Cover crops and no till planting equipment should be
explored to help reduce rill and gully erosion while also helping to increase soil organic matter.
Increases in soil organic material will further help to increase the watersheds water storage potential.

Restoration and Protection Strategies
A system-wide approach should be utilized to restore watershed health and system stability within the
Redwood River watershed. Restoration efforts should focus on the sources (e.g., altered hydrology or
land use practices) of water quality, watershed health, and stream stability degradation as opposed to
the effects (e.g. streambank erosion). The following strategies are recommended, but are not limited
to:








Increase water storage throughout the watershed and protect the existing water features.
 Restore drained lake beds as well as shallow lakes where temporary drawdowns are feasible.
 Target marginal land that frequently floods (e.g. drained wetlands) to restore to hold water on
the landscape and thus meter out runoff and flows.
 Target water storage projects in areas that provide additional floodplain/lateral connectivity
 Target water storage projects in areas that provide water quality (e.g. nutrient removal) and
ecological benefits (e.g. waterfowl habitat).
 Land use practices that increase organic matter in the soil will benefit future land uses and store
water as every 1% increase in organic matter can hold roughly 1 inch of precipitation (U of M
Extension).
Establish, maintain, and/or protect deep rooted native perennial vegetation (e.g., Big Bluestem,
willows) in the riparian corridor. Several E channels exist within the Redwood River watershed and
are highly dependent upon vegetative riparian corridors (Rosgen 1996).
 Establish adequate buffer widths and vegetation type for the size of river system and bank
height ratio to allow for the development of bank stability.
 Avoid hard armoring banks (e.g., rip rap or gabion baskets) unless infrastructure is in danger.
Bank stabilization projects that employ hard armoring only deflect energy.
 Re-slope and vegetate susceptible banks that are prone to sloughing and/or mass failure as an
alternative to armoring.
 Where channel restoration is applicable, utilize natural channel design techniques to restore the
stream to its stable pattern, profile, and dimension.
Restore marginal cropland back into native prairie (e.g. Conservation Reserve Program) to increase
water storage and allow for ground water infiltration.
 Establishing additional native plants (e.g. native forbs) can provide additional ecological benefits
(e.g. pollinators).
Road crossing projects should implement proper culvert and bridge sizing for the river or stream to
allow for water and sediment movement throughout the watershed.
 Improperly sized culverts and bridges can affect the river or stream channel downstream and
lead to excess sediment supply and habitat degradation.
 Floodplain culverts should be placed at bankfull elevations across the floodplain in order to
restore longitudinal connectivity of the floodplain and reduce flood flow confinement. See
Zytkovicz and Murtada (2013) for further guidance. Proper bridge sizing and floodplain culverts
will help to restore travel corridors for riparian animals in many instances so that they do no
need to cross busy highways; a situation dangerous to humans and animals.
 Abandoned road and railroad bridges should be removed in order to reduce channel
constriction. Furthermore, the associated road and railroad grades should be leveled in order to
restore floodplain connectivity.








Implement grassed waterways, conservation tillage, and cover crops to slow water down, reduce
excess nutrient and sediment runoff, increase soil organic matter, and allow for greater infiltration.
Implement other Ag BMPs, as appropriate for the site, to reduce nutrients, sediment, and surface
runoff into surface waters or open tile intakes.
Livestock should be excluded from rivers and streams by fencing where applicable. Supplying an
additional water source will prevent livestock from trampling banks and supplying E.coli and other
bacteria and pathogens to the stream (e.g., Cryptosporidium, Campylobacter, Giardia, or Fecal
Coliform).
Pursuit of re-establishing natural river and stream channels, where historically channelized, should
be prioritized in order to restore the natural physical and ecological function of the system.
All implementation practices should benefit the target components of a healthy watershed without
causing detriment to another. For example, road control structures may store floodwaters and
reduce hydrology but they can create fish passage barriers and cause channel instability
downstream.

Protection opportunities may seem sparser than areas to restore; however, options and opportunities
do exist. Lands providing multiple ecosystem services, or environmental benefits, should have highest
priorities for protection. Critical habitat areas, wetland/upland complexes, and natural areas not only
provide quality habitat, but sequester carbon, provide a home for rare species, produce clean water,
and offer many recreational opportunities.

Correlated Planning Efforts
Minnesota Prairie Conservation Plan
Prairie habitats once covered one third of Minnesota but presently less than 2% remain (MNDNR
2019d). Native prairie, other grasslands, and wetlands provide habitat for many species and are key
components of functional landscapes. The Minnesota Prairie Conservation Plan (Figure 89) is a habitat
plan for native prairie grassland, and wetlands in the Prairie Region of western Minnesota with the goal
to protect, restore, and enhance remaining native prairie, other grassland, and wetland habitat. In
strategic locations, the Prairie Plan has identified key prairie core areas (i.e. high concentration of native
prairie), corridors, and habitat complexes to create a connected landscape for wildlife and provide
opportunities for sustainable grass-based agriculture such as grazing and haying.
There are six main aspects of the work:







Implementation by multi-disciplinary Local Technical Teams in prairie Focus Areas
Secure permanent protection of high quality prairie landscapes, including native prairies,
wetlands, and other habitats
Retain restored and natural grassland in these landscapes
Enhance the quality and function of prairie habitat using prescribed fire, conservation grazing,
haying, invasive species control and woody plant removal
Secure the resources needed to monitor progress, assess results and implement adaptive
strategies that increase success and efficiency
Integrate the efforts of the Prairie Plan Local Technical Teams to increase success and efficiency

Figure 89. Minnesota Prairie Conservation Plan in relation to the Redwood River watershed.

Minnesota Wildlife Action Plan
Minnesota’s Wildlife Action Plan (2015-2025) focuses on conservation and protection for rare, declining,
or vulnerable to decline nongame wildlife species, including certain birds, mammals, reptiles,
amphibians, fish, and mussels and other invertebrates. The plan focuses on prioritizing efforts within
connected habitat networks to assist species movement and adaption as a result of climate change. It
also provides a framework to advocate for the preservation of biological diversity through the
acquisition, preservation, and management of important wildlife habitats. The Wildlife Action Network
(WAN) within the plan comprised of terrestrial and aquatic habitat cores and corridors to support
biological diversity and ecosystem resilience with a focus on Species of Greatest Conservation Need
(SGCN). The mapped WAN illustrates high, medium-high, medium, low-medium, and low scores based
on SGCN population viability, SGCN richness, spatially prioritized Sites of Biodiversity Significance, Lakes
of Biological Significance, and Stream Indices of Biological Integrity. Focusing conservation efforts within
the mapped WAN, especially the high to medium priority zones (i.e. red, yellow and orange polygons;
Figure 90), will result projects and practices with multiple environmental benefits (i.e. protecting and
restoring perennial vegetation for habitat enhancement and for clean water). In the Redwood River
watershed, the upper portion of the headwaters lie within the Prairie Coteau Conservation Focus Area.
Additional information on the Minnesota Wildlife Action Plan can be found on the following webpage:
https://www.dnr.state.mn.us/mnwap/index.html.

Figure 90. Minnesota Wildlife Action Plan Wildlife Action Network Ranking in relation to the Redwood
River watershed.
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Appendix I

Appendix I. Redwood Watershed Documented Native Plant Communities
Native Plant
Community
Conservation
Code
Native Plant Community Name
Status Rank
FFs59
Southern Terrace Forest
S1, S2, or S3
MHs38b
Basswood - Bur Oak - (Green Ash) Forest
S3
MHs39
Southern Mesic Maple-Basswood Forest
S3
MHs49
Southern Wet-Mesic Hardwood Forest
S2 or S3
MRp83
Prairie Mixed Cattail Marsh
S1
OPp93b
Calcareous Fen (Southwestern)
S2
PWL_CX
Prairie Wetland Complex
SNR
ROs12a1
Crystalline Bedrock Outcrop (Prairie), Minnesota River Subtype
S2
UPs13d
Dry Hill Prairie (Southern)
S2
UPs14
Southern Dry Savanna
S1 or S2
UPs14c
Dry Hill Oak Savanna (Southern)
S1
UPs23
Southern Mesic Prairie
S2
UPs23a
Mesic Prairie (Southern)
S2
WMp73a
Prairie Meadow/Carr
S3
WMs83
Southern Seepage Meadow/Carr
S2 or S3
WMs83a
Seepage Meadow/Carr
S3
WMs83a3
Seepage Meadow/Carr, Impatiens Subtype
S2
WMs92
Southern Basin Wet Meadow/Carr
S2
WPs54
Southern Wet Prairie
S1 or S2
WPs54b
Wet Prairie (Southern)
S2
S1=Critically Imperiled, S2=Imperiled, S3=Vulnerable to extirpation, SNR=State not ranked
Redwood Watershed Documented Rare Species and
Features
Scientific Name
Common
Name
Henslow's
Ammodramus henslowii
Sparrow

Anaxyrus cognatus
Antigone canadensis

Great Plains
Toad
Sandhill
Crane

Species
Class
Bird

Listing
Status
END;
SGCN

Amphibian

SPC; SGCN

Bird

Watch list

General Habitat
Type
Grasslands and
uncultivated old
fields with stalks
for perching
Upland and
lowland prairie
Breeding and
foraging: Open
prairies,
grasslands, and
wetlands;
Outside of the

Astragalus flexuosus var. flexuosus

Slender
Milk-vetch

Terrestrial
Plant

SPC

Astragalus missouriensis var.
missouriensis
Athene cunicularia

Missouri
Milk-vetch
Burrowing
Owl

Terrestrial
Plant
Bird

SPC

Bartramia longicauda

Upland
Sandpiper

Bird

NL; SGCN

Berula erecta

Stream
Parsnip

Aquatic
Plant

THR

Catocala abbreviatella

Abbreviated
Underwing

Insect

SPC; SGCN

Chondestes grammacus

Lark
Sparrow

Bird

SPC; SGCN

Colonial Waterbird Nesting Area

Colonial
Waterbird
Nesting Site

Cypripedium candidum

Small White
Lady'sslipper
Acadian
Flycatcher

Grouping of
a variety of
nesting bird
species
Terrestrial
Plant

Empidonax virescens

Bird

END;
SGCN

SPC

SPC; SGCN

breeding season:
often roost in
deeper water of
ponds or lakes
Dry to mesic
prairies; hill
prairies
Dry prairie; Dry
hill prairie
Open pastures;
Prairies; Areas
w/ American
badger and
Richardson's
ground squirrel
Native prairie
and open
grasslands
Calcareous fens;
alkaline springs;
usually occurs in
active seepage
areas
Prairies and
grasslands with
populations of
leadplant (host
plant)
Open habitats
with brushy or
partially wooded
edges (savannagrassland
complex);
Grasslands
Large, shallow
lakes; marsh
complex
Calcareous
seeps; wet
prairie
Large tracts of
mature, intact
deciduous
forests, often

near streams or
wetlands
Eptesicus fuscus

Big Brown
Bat

Mammal

SPC; SGCN

Gymnocladus dioica

Kentucky
Coffee Tree

Tree

SPC

Ironoquia punctatissima

A Caddisfly

Insect

THR; SGCN

Lanius ludovicianus

Loggerhead
Shrike

Bird

END;
SGCN

Lasmigona compressa

Creek
Heelsplitter

Mussel

SPC; SGCN

Summer:
farmland, urban
areas, and edge
habitat near
water. Roosts
occur in crevices
and holes of
trees or snags or
dead-top live
trees, caves, and
the attics, eaves
and walls of
buildings,
reproductive
females form
maternity
colonies (20-100
bats) Winter:
hibernate in
caves and
manmade
structures such
as mines,
basements,
buildings, or
culverts.
Rich mesic
woodlands,
bottomland
woodlands, and
riverbanks
Small rivers and
streams
Upland
grasslands--both
high and low
quality
Creeks, small
rivers, and the
upstream
portions of large
rivers with sand,
fine gravel, or
mud substrates

Microtus ochrogaster

Prairie Vole

Mammal

SPC; SGCN

Najas marina

Sea naiad

SPC

Oarisma poweshiek

Powesheik
skipperling

Aquatic
Plant
Insect

Ochrotrichia spinosa

A Purse
Casemaker
Caddisfly
Northern
Grasshoppe
r Mouse
Plains
Prickly Pear
American
Ginseng

Insect

END;
SGCN

Small rivers and
streams

Mammal

SPC; SGCN

Dry prairies

Terrestrial
Plant
Terrestrial
Plant

SPC

Pantherophis ramspotti

Western
Fox Snake

Reptile

Watch List

Phalaropus tricolor

Wilson's
Phalarope

Bird

THR; SGCN

Rhynchospora capillacea

Hair-like
Beak-rush
Spiral
Ditchgrass
Phlox Moth

Aquatic
Plant
Terrestrial
Plant
Invertebrate
Animal
Terrestrial
Plant

THR

Rock outcrops
and dry prairies
Well-developed
forest soil,
typically mesic
loamy ; Does not
tolerate habitats
with seasonal
flooding
Woodland and
woodland edges,
prairies, lowland
meadows, and
rocky
outcroppings
near rivers
Wet prairie or
rich fen habitats;
OR Grass or
sedgedominated
wetlands
Calcareous fens;
spring fens
Alkaline lakes

Onychomys leucogaster

Opuntia macrorhiza
Panax quinquefolius

Ruppia cirrhosa
Schinia indiana
Solidago mollis

Soft
Goldenrod

Dry native
prairies and
grasslands
(primarily
undisturbed)
Alkaline lakes

END; Fed
Wet to Dry
END, SGCN native prairie

SPC

SPC
SPC; SGCN
SPC

Native upland
prairie
Dry prairie;
sometimes
found in mesic
prairie

Speyeria idalia
Sterna forsteri
Woodsia oregana ssp. cathcartiana

Fed=Federally, END =State
Endangered, THR = State Threatened,
SPC = State Special Concern, SGCN=
Species of Greatest Conservation
Need, Watch list=Species the DNR is
tracking because they are in suspected
decline, NL=Non-Listed

Regal
Fritillary
Forster's
Tern
Oregon
Woodsia

Insect

SPC, SGCN

Bird

SPC, SGCN

Terrestrial
Plant

SPC

Upland and wet
prairie
Marsh
complexes
Found on moist,
shaded
(occasionally
exposed)
basaltic or, less
commonly,
dolomite cliffs
with rocky soils

Appendix II

Appendix II. Southern Minnesota regional curve by stream type; developed through MNDNR
geomorphology surveys. Bankfull cross sectional area was taken at a representative riffle cross section
at each site. These are draft curves and subject to change.

Appendix III

Appendix III. Management implications for individual stream types (Rosgen 1994).
Stream
Type

Sensitivity to
Disturbance a

Recovery
Potential b

Sediment
Supply c

Streambank
Erosion
Potential

Vegetation Influence d

A1

Very Low

Excellent

Very Low

Very Low

Negligible

A2

Very Low

Excellent

Very Low

Very Low

Negligible

A3

Very High

Very Poor

Very High

Very High

Negligible

A4

Extreme

Very Poor

Very High

Very High

Negligible

A5

Extreme

Very Poor

Very High

Very High

Negligible

A6

High

Poor

High

High

Negligible

B1

Very Low

Excellent

Very Low

Very Low

Negligible

B2

Very Low

Excellent

Very Low

Very Low

Negligible

B3

Low

Excellent

Low

Low

Moderate

B4

Moderate

Excellent

Moderate

Low

Moderate

B5

Moderate

Excellent

Moderate

Moderate

Moderate

B6

Moderate

Excellent

Moderate

Low

Moderate

C1

Low

Very Good

Very Low

Low

Moderate

C2

Low

Very Good

Low

Low

Moderate

C3

Moderate

Good

Moderate

Moderate

Very High

C4

Very High

Good

High

Very High

Very High

C5

Very High

Fair

Very High

Very High

Very High

C6

Very High

Good

High

High

Very High

D3

Very High

Poor

Very High

Very High

Moderate

D4

Very High

Poor

Very High

Very High

Moderate

D5

Very High

Poor

Very High

Very High

Moderate

D6

High

Poor

High

High

Moderate

DA4

Moderate

Good

Very Low

Low

Very High

DA5

Moderate

Good

Low

Low

Very High

DA6

Moderate

Good

Very Low

Very Low

Very High

E3

High

Good

Low

Moderate

Very High

E4

Very High

Good

Moderate

High

Very High

E5

Very High

Good

Moderate

High

Very High

E6

Very High

Good

Low

Moderate

Very High

F1

Low

Fair

Low

Moderate

Low

F2

Low

Fair

Moderate

Moderate

Low

F3

Moderate

Poor

Very High

Very High

Moderate

F4

Extreme

Poor

Very High

Very High

Moderate

F5

Very High

Poor

Very High

Very High

Moderate

F6

Very High

Fair

High

Very High

Moderate

G1

Low

Good

Low

Low

Low

G2

Moderate

Fair

Moderate

Moderate

Low

G3

Very High

Poor

Very High

Very High

High

G4

Extreme

Very Poor

Very High

Very High

High

G5

Extreme

Very Poor

Very High

Very High

High

G6

Very High

Poor

High

High

High

Appendix IV

Appendix IV. MNDNR Stream Habitat Program Resources Sheets.

