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Executive Summary
The Cottonwood River watershed (Hydrologic Unit Code [HUC] 07020008) covers 1,314 square miles of
southwestern Minnesota. In 2017, intensive watershed assessment and monitoring commenced to
characterize the health of the Cottonwood River watershed. Post settlement land changes have been
drastic. Perennial vegetation has changed to majorly annual row crops, historic wetlands were drained,
and impervious surfaces cover developed areas that promote rapid water conveyance to local rivers and
streams. While much has changed, the diverse nature of the Cottonwood River watershed has allowed for
natural areas with rare and endangered species to exist in isolated populations.
Hydrologic changes have been well documented throughout southern Minnesota. Changes from perennial
vegetation to cultivation, from diverse cropping systems to mainly corn and soybeans, loss of surface
storage through wetland draining, and channelization of natural streams are common throughout southern
Minnesota. Meanwhile, climate changes have occurred resulting in more rain and more flow seasonally
and annually. Hydrologic analyses showed a significant change around 1982. Since 1982 all flow analyses
have showed an increase. At the same time, permits for groundwater usage have increased but overall
usage has only slightly increased. Main groundwater usage is for municipalities and industrial processing
near Marshall, MN.
Desktop reconnaissance, the River Ecology Unit’s crossing inventory, and field observations identified 196
fish barriers were within the Cottonwood River watershed. Of these barriers, 67 were located on perennial
streams. Out of 80 MPCA biomonitoring sites in the Cottonwood River watershed, 48 were found to have at
least one and as many as 13 fish barriers between the site and the Minnesota River. In early 2020, three
dams were removed on the mainstem Cottonwood River to promote fish passage to the upper watershed.
Natural stream channels in the watershed exhibit relatively good riparian vegetation and floodplain
connectivity; however, altered and modified channels exhibit poor conditions.
Fifteen stream reaches were assessed for stream stability. Stream types varied from eight E channels, four
C channels, two G channels, and one B channel. Stability ratings showed one site in good condition, three
sites in fair condition, and ten sites in poor condition. Historic incision and existing hydrologic trends could
make these sites more unstable; resulting in higher sediment loads and loss of habitat.
The Cottonwood River watershed has numerous opportunities for restoration and protection. Historically
channelized stream reaches provide great potential to restore a stream’s meander pattern, lower its slope,
create habitat, and create flood storage by reconnecting the channel with its floodplain. Thousands of
historic wetlands exist throughout the watershed, especially in the Sleepy Eye Creek sub-watershed.
Storage of precipitation with wetland restorations and floodplain reconnection projects will provide flood
relief with an ever changing climate. Areas with rare and natural features should be protected as many of
these areas can easily be disturbed and provide habitat to numerous threatened and endangered species
within the watershed.
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Study Background
The Cottonwood River watershed comprises 1,314 square miles (mi2) in southwestern Minnesota (Figure
1). The Cottonwood River begins its roughly 152 mile journey near Balaton as an ephemeral waterway at
an elevation of approximately 1,644’ and ends at the confluence with the Minnesota River near New Ulm at
an approximate elevation of 793’ (Figure 1). Once the river flows to New Ulm, it has already dropped more
than half of the elevation required to get to sea level via the Minnesota River, Mississippi River, and Gulf of
Mexico. The Cottonwood River watershed encompasses parts of Murray, Lyon, Redwood, Cottonwood, and
Brown Counties.
In 2017, watershed health assessments began in the Cottonwood River watershed as part of the Minnesota
Pollution Control Agency’s (MPCA) Intensive Watershed Monitoring (IWM) schedule. The analysis of a
healthy watershed evaluates a five component framework: hydrology, geomorphology, connectivity, water
quality, and biology (Figure 2). The MPCA is in charge of collecting and analyzing water quality and biology
data in the study watershed while the Minnesota Department of Natural Resources (MNDNR) provides
watershed characterization, analyzes historical and existing hydrologic data, assesses geomorphic
conditions within the watershed, and assesses stream connectivity. The purpose of this report is to:
characterize the Cottonwood River watershed; provide insight on hydrology, geomorphology, and
connectivity; and discuss proper management practices that will restore watershed health.

Watershed Characteristics
Geology
The Cottonwood River and its tributaries flow across a variety of geologic conditions. The headwaters of
the Cottonwood River begin within the stagnation portion of the Altamont Moraine; an adjacent border to
the Des Moines Lobe of the Laurentide ice sheet that covered much of the watershed approximately 16,000
years ago. Much of the Cottonwood River watershed geology consists of till plain, outwash, and alluvial
features, with a small area of scoured upland Sioux Quartzite bedrock outcrops near Jeffers, MN.
Many of the Cottonwood River tributaries begin on the stagnation portion of the Altamont Moraine along
the southern edge of the watershed boundary. These tributaries have relatively high sloping valleys as
they make their way to the ground portion of the Altamont Moraine and eventually the Cottonwood River.
The mainstem of the Cottonwood River begins flowing through steep till plain materials before it intersects
with a historic low gradient glacial outwash channel 7.5 miles north of Tracy, MN (Figure 3). The
Cottonwood River continues to flow within the outwash valley until Sleepy Eye Creek flows in near Cobden.
At this point the valley steepens again as the river finishes its trek to the Minnesota River. The relatively
steep reach near the Minnesota River is a geologic knick zone resulting from the lowering of the Minnesota
River after glacial River Warren cut the Minnesota River valley (Figure 4). Knick zones of tributaries to the
Minnesota River are widely known for their high sediment contribution due to the prevalence of highly
erodible bluffs.
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Figure 1. Location of the Cottonwood River watershed.

Figure 2. Five component framework for watershed health assessment.
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Figure 3. Sedimentary association of the Cottonwood River watershed.

Figure 4. Topographic relief of the Cottonwood River watershed showing geologic features.
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Soils
Soils in the Cottonwood River watershed vary based on glacial and geologic history. Soils along the ground
moraine portion of the watershed are relatively low slope and high in organic matter that support rowcrop agriculture, if appropriately drained (Figure 5). Soils along the stagnation moraine and within the
outwash valleys are naturally loamy and well-drained, making them prime farmland without artificial
drainage (Figure 6).
Naturally well-drained soils are relatively low in organic matter content in comparison to poorly drained
soils. High organic matter in the soils made the landscape valuable to European settlers for growing crops.
However, the abundance of wetlands and wet marshes made agricultural practices difficult, resulting in the
development of drainage ditches that drained local wetlands and lowered the water table enough to
produce crops. More recently, agricultural producers have enhanced the drainage capacity of local soils by
installing perforated tile in the soil profile to control the water table on a larger scale. Abrupt changes in
the landscape along with tillage practices, crop rotations, grazing practices, and lack of residue has
decreased organic matter of local soils since European settlement. Recently, local agriculture producers
and soil health professionals have been implementing practices to increase the organic matter of soils to
make agriculture more sustainable over time. It has been estimated that every 1% of soil organic matter
gained can help store ~25,000 gallons of water per acre (NRCS 2012).

Figure 5. Farmland classification of soils (from SSURGO).
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Figure 6. Drainage classification of soils (from SSURGO).
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Sediment Sources
Glacial history and tributary adjustment makes Minnesota River tributaries naturally prone to bank
erosion and high sediment yields. Along with natural processes, increased water delivery to stream
channels has led to increased sediment supply throughout the Minnesota River basin. The Cottonwood
River watershed has multiple areas naturally prone to tributary adjustment; where it flows into the
Minnesota River valley, and where it flows off of the stagnation moraine. These areas are delineated by
showing areas of high slope (i.e. >6%) based off of Light Detection and Ranging (LiDAR) data (Figure 7).
Near-channel sediment contribution will be discussed more in the geomorphology section of this report.
Aside from erosion from water, sediment can also be transported by wind. Loose, heterogeneous,
inorganic soils are more likely to be transported by wind than cohesive, organic soils; however, loss of
year-round vegetation and certain tillage practices can increase the erodibility of soils. Figure 8 shows the
predicted wind erodibility based on soil types throughout the watershed.

Figure 7. Areas of steep (i.e. >6%; delineated in red) slopes that are prone to contributing sediment in the
Cottonwood River watershed.
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Figure 8. Predicted wind erodibility of soils (from SSURGO). Red indicates highly erodible soils while dark
blue indicates soils that are not susceptible to wind erosion.
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High Value Resources
The Cottonwood River watershed falls within the prairie parkland ecological province, meaning it is in the
part of Minnesota that was historically dominated by tallgrass prairie (MNDNR 2019). 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). In the southwestern part it falls within the Coteau Moraines,
which have a steep slope that cascades into lower elevations (MNDNR 2019b). This part of the Coteau is
made up of 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 Cottonwood 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 land use and hydrologic changes. The following features occur
within the Cottonwood River watershed boundary:
 Twenty-six mapped native plant communities with 1 additional complex that includes a mix of
native habitat types
 Three designated calcareous fens: Storden 21, Storden 34, and Amo 2
 Forty-four rare plant and animal species that are listed as threatened, endangered, or special
concern. This list includes state and federally listed species
 Cottonwood River (Kittle Number: M-055-095), Plum Creek (Kittle Number: M-055-095-072),
Mound Creek (Kittle Number: M-055-095-054), Unnamed Stream (Kittle Number: M-055-095-082),
Unnamed Stream (Kittle Number: M-055-095-079), Dutch Charley Creek (Kittle Number: M-055095-061), Highwater Creek (Kittle Number: M-055-095-061-001)
 Lakes of High Biological Significance: Lake Augusta, Lake Willow, Leedom Slough, and Christianson
Marsh all contain high quality habitat that is used by waterfowl and migrating birds
The Cottonwood 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 Features Mapped in the Cottonwood River Watershed
Rare features (Figure 9) 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, fishing, wildlife
viewing, canoeing, 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. 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.
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Figure 9. Rare natural features in the Cottonwood River watershed. Map created by Megan Benage, MNDNR
Regional Ecologist.

There are 17 endangered and threatened species documented in the Cottonwood River watershed
(MNDNR 2018). There are an additional 27 species that are in suspected decline and are listed as special
concern, species of greatest conservation need, or watch list species (MNDNR 2018, Appendix 1). 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 natural 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 Cottonwood River watershed there are clusters of rare species that primarily occur along rivers and
streams such as the Cottonwood River, Mound Creek, Plum Creek, and several unnamed streams in the
western part of the watershed. The majority of documented species are tied to upland prairie and
grasslands, rock outcrops, or aquatic habitats like rivers, lakes, streams, and wetlands. Maintaining upland
and lowland connections across the watershed is important for retaining these species and for achieving
stream stability and good water quality.
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Three of the documented rare species are associated with calcareous fen habitats such as the three
designated calcareous fens in the Cottonwood River watershed: Storden 21, Storden 34, and Amo 2.
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. Since these
types of wetlands are one of the rarest natural communities in the United States, they are a specially
protected resource in Minnesota (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.

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 2018a). These groups of native plant
species form recognizable units, such as prairies, rock outcrops,
seepage meadows, or hardwood and floodplain forests (Figure
10). The Cottonwood River watershed has lost many of its
native plant communities so those that remain are a high
priority for preservation to achieve watershed health, which is
directly connected to our own health and well-being. Dry and
mesic prairies and mesic hardwoods 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 (Table 1).

Connections to the Watershed
Connections between wildlife species, native plant communities, lakes and wetland features are many and
often complex. A tiered approach should be used to conserve these features—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 adapted to these extremes and can handle
the ebb and flow of change.
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Figure 10. Native plant communities mapped in the Cottonwood River watershed. Map created by Megan
Benage, MNDNR Regional Ecologist.
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Table 1. Native plant communities in the Cottonwood River watershed.
Cottonwood River Watershed Documented Native Plant Communities
Native Plant
Community
Native Plant Community Name
Conservation Status Rank
Code
CTs12c
Dry Sioux Quartzite Cliff (Southern)
S1 - Critically Imperiled
FDs37b
Pin Oak - Bur Oak Woodland
S3 - Vulnerable to Extirpation
FFs59
Southern Terrace Forest
SNR - State not ranked
FFs59c
Elm - Ash - Basswood Terrace Forest
S2 - Imperiled
FFs68a
Silver Maple - (Virginia Creeper) Floodplain Forest
S3 - Vulnerable to Extirpation
MHs38b
Basswood - Bur Oak - (Green Ash) Forest
S3 - Vulnerable to Extirpation
MHs38c
Red Oak - Sugar Maple - Basswood - (Bitternut Hickory) Forest S3 - Vulnerable to Extirpation
MHs39
Southern Mesic Maple-Basswood Forest
SNR - State not ranked
MHs39a
Sugar Maple - Basswood - (Bitternut Hickory) Forest
S2 - Imperiled
MHs49
Southern Wet-Mesic Hardwood Forest
SNR - State not ranked
MHs49a
Elm - Basswood - Black Ash - (Hackberry) Forest
S3 - Vulnerable to Extirpation
MRp83b
Cattail Marsh (Prairie)
S1 - Critically Imperiled
OPp93b
Calcareous Fen (Southwestern)
S2 - Imperiled
PWL_CX
Prairie Wetland Complex
Complex community
ROs12a2
Crystalline Bedrock Outcrop (Prairie), Sioux Quartzite Subtype S2 - Imperiled
UPs13
Southern Dry Prairie
SNR - State not ranked
UPs13b
Dry Sand - Gravel Prairie (Southern)
S2 - Imperiled
UPs13d
Dry Hill Prairie (Southern)
S2 - Imperiled
UPs23a
Mesic Prairie (Southern)
S2 - Imperiled
WMp73
Prairie Wet Meadow/Carr
SNR - State not ranked
WMs83
Southern Seepage Meadow/Carr
SNR - State not ranked
WMs83a
Seepage Meadow/Carr
S3 - Vulnerable to Extirpation
WMs83a1
Seepage Meadow/Carr, Tussock Sedge Subtype
S3 - Vulnerable to Extirpation
WMs83a2
Seepage Meadow/Carr, Aquatic Sedge Subtype
S3 - Vulnerable to Extirpation
WMs83a3
Seepage Meadow/Carr, Impatiens Subtype
S2 - Imperiled
WPs54
Southern Wet Prairie
SNR - State not ranked
WPs54b
Wet Prairie (Southern)
S2 - Imperiled
S1=Critically Imperiled, S2=Imperiled, S3=Vulnerable to extirpation, SNR=State Not Ranked

Cottonwood River Watershed Characterization Report

23

The Cottonwood River watershed has concentrations of high value ecological features that primarily occur
along the Cottonwood River and its tributaries, Plum Creek, Mound Creek, Dutch Charley Creek, Highwater
Creek, and several unnamed streams in the western part of the watershed. Portions of the Cottonwood
River, Mound Creek, and Highwater Creek are identified as priority habitat networks in the Minnesota
Wildlife Action Plan (2015-2025). A small corner of the eastern arm of the watershed is also in the Upper
Minnesota River Valley Important Bird Area (Audubon 2019). The lower reaches of the watershed also
include a priority prairie core area (Altamont Moraine), where the goal is to establish a connected prairie
and wetland habitat corridor under the Minnesota Prairie Conservation Plan. These areas are hot spots in
terms of conservation potential. Figure 10 shows opportunities to create a connected corridor of native
and restored plant communities building off the existing protected lands: Flandrau State Park, Windom
Wetland Management District, Lamberton Wildlife Management Area (WMA), Plum Creek WMA, Two
Rivers WMA, Amiret WMA, Meadow Creek WMA, Sodus WMA and many smaller parcels of protected land
along the Cottonwood River corridor. These communities, which include priority fish and wildlife habitat
areas, wetland and 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.
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Aquatic Invasive Species
There are few known aquatic invasive species present in the Cottonwood River watershed (Figure 11).
Several of the lakes within the watershed have documented curly-leaf pondweed Potamogeton crispus
infestations. Curly-leaf pondweed has been present in the region for ~50 years, far prior to any invasive
species control or prevention efforts. Cleaning vegetation off of boats and water-related equipment helps
ensure that curly-leaf pondweed does not spread to the remaining lakes in the watershed, and helps
prevent the spread of any new aquatic invasive plants to the area. Purple loosestrife Lythrum salicaria,
Lythrum virgatu, and hybrids have been observed in isolated locations in the watershed. The observations
from the purple loosestrife database are generally 10-20 years old, and therefore some caution should be
used when using the locations. It is possible that the purple loosestrife locations may have decreased or
disappeared from some points, or the extent of the infestation may have expanded. Small-scale purple
loosestrife stands can be controlled via hand-removal, and larger infestations can be controlled by beetle
release or herbicides.
The highest aquatic invasive species concern for the Cottonwood River watershed comes from Lake Sarah
(Murray County) and the Minnesota River, both of which were recently designated as infested with zebra
mussels Dreissena polymorpha. Lake Sarah is just to the southwest of the watershed boundary, and the
Minnesota River is to the northeast of the watershed. Prevention efforts should focus on ensuring that this
invasive species does not move from the infested water bodies to the Cottonwood River watershed. Zebra
mussels are primarily spread by movement of equipment with attached adults and by juveniles in water.
Draining all water from boats and other water-related equipment before leaving public accesses will
prevent the spread of juvenile zebra mussels to new lakes or rivers. Waiting at least 21 days or over winter
before placing used equipment into a new lake or river will ensure that no zebra mussels are alive when
transported. For the most up to date information on invasive species locations, see the MNDNR infested
waters list on EDDMapS.
Non-native Phragmites australis (European Common Reed) is an invasive species of increasing concern in
Minnesota but its current distribution in the Cottonwood River watershed is limited. Non-native
Phragmites is an invasive perennial grass that grows in wet habitats and has a high capacity to alter
hydrology and degrade habitat. Recent efforts have been made to map the statewide distribution of nonnative Phragmites, but there are likely more populations to be discovered. All suspected populations of
non-native Phragmites should be reported in EDDMapS. Identification guidance on how to distinguish
invasive and native Phragmites can be found through MNPhrag. Include photos of identifying features for
the plant with the EDDMapS report. Non-native Phragmites spreads via seed and vegetative fragments. If
you are working near a non-native Phragmites stand, all equipment and outerwear should be cleaned off
prior to moving to another location.
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Figure 11. Known aquatic invasive species near and within the Cottonwood River watershed. Map created by
Carli Wagner, MNDNR Aquatic Invasive Species specialist.
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Watershed Alterations
Vegetation Changes
Prior to European settlement, the landscape of the Cottonwood River watershed had a much different
appearance than today. The Marschner pre-settlement vegetation map shows the predicted natural
vegetation coverage in the watershed was 88% prairie, 8% wet prairie, 3% river bottom forests, and 1%
lakes and open water, oak openings and barrens, and Big Woods (Figure 12).

Figure 12. Marschner pre-settlement vegetation map for the Cottonwood River watershed.
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After European settlement, drastic changes occurred to the landscape to increase economic value of the
land and make it more conducive to agricultural practices. The wet areas were drained, prairies were
plowed, and forests cut down in order to produce crops. Over time, drainage practices have improved and
become more efficient, and commodity demands have changed from corn and small grains to corn and
soybeans. In 2017, the Cottonwood River watershed consisted of 41% corn, 38% soybeans, 8% water
storage, 6% perennial vegetation, 5% urban, and 2% other agriculture (CropScape 2018; Figure 13).
Cropping changes will be discussed further in the Hydrology section of this report.

Figure 13. 2017 land use data for the Cottonwood River watershed (CropScape 2018).
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As changes in land use became drastic, the effect of land use change on water quality, fishing, and wildlife
became more apparent. These observations eventually resulted in funding to take land out of production
and put it back into its natural setting (i.e., perennial vegetation, wetlands, and protected wildlife refuges).
Figure 9 shows the land restored or protected from previous efforts of conversion from its natural state.
The Watershed Health Assessment Framework (WHAF) provides a scoring system for watershed health in
Minnesota at the DNR catchment scale (i.e. Hydrologic Unit Code [HUC] 12 and smaller). Each catchment is
designated a score from 0 (i.e. poor) to 100 (i.e. excellent). The WHAF designates scores based on the five
components of a healthy watershed discussed earlier. Perennial cover in the Cottonwood River watershed
is considered poor throughout the watershed due to conversion to crops, with the poorest scores falling in
the ground moraine portion of the watershed (Figure 14).

Figure 14. Perennial vegetation scores analyzed from 2011 land use data. Scores range from 0 (i.e. poor) to
100 (i.e. excellent) for perennial vegetation cover (WHAF 2018).
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Water Storage Changes
Natural water storage used to be prevalent in the Cottonwood River watershed; especially along the
ground moraine portions. The Restorable depressional Wetland Inventory (RWI) designated 48,658
drained or modified wetland basins in the Cottonwood River watershed comprising 91,345 acres (i.e.
10.9% of the watershed). Existing water storage in the watershed coupled with the RWI shows that the
potential surface water storage is 97,312 acres (i.e. 11.6%; Figure 15). The relatively low potential water
storage is mainly affected by the area outside of the ground moraine section. For example, Sleepy Eye
Creek has approximately 388 acres of existing lakes and wetlands, and 30,794 acres of restorable wetlands,
resulting in 18% of the watershed being potential water storage; however, only 0.2% of the watershed is
existing water storage.

Figure 15. Existing and potential water storage in the Cottonwood River watershed.
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Channelization of natural streams and creation of drainage ditches increases flow by removing water
storage potential on the landscape, shortening channel length, and removing floodplain storage. In 2013,
the MPCA completed an altered watercourse layer that defines each stream segment in Minnesota as:
altered (i.e. channelized), natural, impounded, or no definable channel. The Cottonwood River watershed
streams are 40.76% channelized, 38.77% natural, 19.79% no definable channel, and 0.68% impounded
(Figure 16). These data were further broken down by each Cottonwood River tributary (Table 2). The
WHAF also assigned scores based on the altered watercourse layer, reflecting considerably altered
catchments north of the mainstem Cottonwood River and less altered catchments along the stagnation
moraine (Figure 17). Additionally, WHAF has scores calculated for water storage loss (Figure 18) and
wetland loss (Figure 19).

Figure 16. Cottonwood River watershed streamlines with respective MPCA Altered Watercourse layer
designation.
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Table 2. Altered watercourse layer breakdown by tributary to the Cottonwood River.
Watershed
Sleepy Eye Creek
Cottonwood & Unnamed tribs
Dutch Charley Creek
Meadow Creek
Plum Creek
JD #30
Mound Creek
Pell Creek
Coal Mine Creek
Dry Creek
Lone Tree Creek
Unnamed
Unnamed
JD #9
JD #22
Unnamed
JD #12
Unnamed
Unnamed
Unnamed
CD #3
Unnamed
Unnamed

Drainage Area (mi2 ) % Altered % Natural % Impounded % No Definable Channel
271
231
209
99
91
59
55
52
47
42
28
18
16
16
14
13
12
10
9
6
6
5
4
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75.42
20.08
34.23
45.22
18.89
96.46
40.19
16.33
58.92
32.47
27.81
54.54
15.06
42.82
29.18
60.12
93.02
55.01
47.81
55.08
50.94
68.58
73.3

2.27
61.5
46.01
42.12
50.86
1.85
32.43
53.85
4.07
51.3
60.11
29.3
67.6
44.63
47.37
24.6
0
3.09
26.03
44.92
23.62
2.67
9.3

0.11
0.53
0.33
1.92
1.32
0
0.42
0.57
0
1.11
0.95
1.34
1.6
0.33
1.21
0
0
0
0
0
0
0
0

22.2
17.89
19.43
10.74
28.93
1.69
26.96
29.26
37.01
15.12
11.13
14.82
15.74
12.22
22.24
15.28
6.98
41.9
26.16
0
25.44
28.75
17.4
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Figure 17. Altered watercourse layer analysis by catchment (WHAF 2018).

Figure 18. Loss of hydrologic storage (WHAF 2018).
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Figure 19. Loss of natural wetland storage (WHAF 2018).
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Impervious cover (e.g. roads and parking lots) has a positive correlation with runoff ratios, resulting in
increased hydrology in areas of dense impervious cover. Sub-catchments that incorporate the cities of
Tracy, Sleepy Eye, and New Ulm have the worst ratings for impervious cover in the Cottonwood River
watershed (Figure 20).

Figure 20. Impervious cover in 2011 in the Cottonwood River watershed (WHAF 2018).

For more watershed characterization information on the Cottonwood River watershed, see the WHAF
Watershed Report Card and Context Report.
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Hydrology
Introduction
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 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. Moderating the
effect of accelerated runoff from urban and agricultural landscapes is fundamental to addressing sediment
and nutrient impairments in lakes, streams, and wetlands in Minnesota.
In terms of annual precipitation, the Cottonwood River watershed falls in the mid- to upper range for
Minnesota. The State Climatology Office (2012) reported that average annual precipitation from 19812010 in the Cottonwood River watershed ranged from 27-31”. During this period of time, the state of
Minnesota ranged anywhere from 21-36” depending on location, with the southeast corner receiving the
most, and the northwest corner receiving the least. Precipitation increases alone will result in increased
river flow and could drive changes in the other four components of a healthy watershed.
Hydrologic modification is the alteration or addition of water pathways and associated changes in volume
by human activity. Hydrologic modifications can dramatically alter stream discharge due to changes in
volume, timing, connectivity, or flow rates, particularly if the area was not a natural flow path. 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. Reduced surface storage, increased conveyance, increased effective drainage area, and altered
crop rotations have all changed the dynamics of local watersheds while also increasing the frequency of
flood-flow events (Schottler et al. 2013).
In extensively drained landscapes, such as the agricultural Midwestern United States, the connection of
isolated basins has inflated total surface water discharge and increased the density of linear drainage
networks (TerHaar & Herricks 1989, Haitjema 1995, Magner et al. 2004). Many streams in the region are
in disequilibrium due to past and current land use changes with corresponding hydrologic responses, as
well as direct channel modifications (Lenhart et al. 2007). Numerous factors, such as stream
channelization, increased watershed connectivity wetland drainage, land use changes, and reduction in
upland water storage are generally believed to have affected the flow and water velocity in area waterways
and contributes to channel instability. A change in contributing drainage area will result in a concordant
change in discharge (Magner et al. 2004). At larger scales and event magnitudes, the effects of subsurface
drainage on peak flows tend to be dominated by other variables, including the pattern, magnitude, and
timing of precipitation, the design and layout of surface and subsurface drainage networks, and the
capacity and conveyance of the surface drainage network (Moore et al. 1980; Robinson & Rycroft 1999).
Streamflows in Minnesota reflect observed changes in precipitation with increases in mean annual
precipitation, a larger number of intense rainfall events, more days with precipitation, and earlier and more
frequent snowmelt events (Novotny & Stefen 2007).
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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 et al. 2007, Lenhart 2008) and continue today
through repairs, cleanouts, improvements, and increased amount of impervious surfaces and subsurface
drainage. Construction of subsurface tile and surface ditch drainage systems in the early 1900s 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 hydrogeologic setting for the Cottonwood River watershed is defined by deposits of the last glaciation
when the Des Moines Lobe retreated ~10,000 years before present. The glacial advancement and retreat
of multiple lobes during the last ice age left a complex mix of sands and gravel layers overlain by clay
deposits (Patterson 1999). Many of the sand and gravel deposits have good hydraulic conductivity. Clays
overlying the deeper Quaternary Buried Artesian Aquifers (QBAA) and bedrock aquifers will limit the
hydraulic connection to surficial resources.
Surficial groundwater is identified in sands and gravels found at or near the surface. These materials are
most prevalent in glacial outwash stream channels and large modern rivers. This includes the Cottonwood
River and to a lesser extent, Sleepy Eye Creek (Berg et al. 2020). Groundwater in surficial sands and
gravels are the most likely to interact with surficial water resources.
Areas of high pollution sensitivity are areas where groundwater recharge is likely to occur (i.e. Brown
County C-37 and Redwood County C-36 Hydrogeologic Atlas). In general, these areas are along the main
stem of the Cottonwood River and more widespread areas of the lower portion of the watershed, where
glacial meltwater streams were extensive. One large area of highly vulnerable groundwater not related to
surficial streams or basins is identified in central to eastern Cottonwood County near Jeffers (Adams 2016).
Cottonwood County does not have a completed Geologic Atlas, limiting the assessment of this area. The
majority of the watershed is identified as having low vulnerability due to overlying glacial tills that limit the
movement of shallow water into the deeper groundwater system.
Availability of water from bedrock resources is varied across the watershed. Throughout much of the
watershed, the Cretaceous sandstone can be found below the glacial tills, but is not significantly utilized.
Precambrian bedrock underlies the Cretaceous bedrock and glacial tills where the Cretaceous is absent.
Precambrian bedrock has poor water storage and poor conductivity, especially when found below glacial
tills. The eastern edge of the watershed is the only area with limited Paleozoic era deposits (i.e. 500 million
years before present) of the Mt. Simon sandstone aquifer. The aquifer is absent west of Brown County
Road 11 (Jirsa, et al. 2011).
The hydrologic analysis found in this report focuses on surface-water components of the hydrologic
cycle, rainfall-runoff relationships, open-channel flow, flood hydrology, groundwater use changes, and
statistical and probabilistic methods in hydrology. For more information on the methods used for
hydrologic analysis, contact Mankato DNR Area Hydrologist (507)389-8807 or see the Minnesota River,
Shakopee Watershed Characterization Report.
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Results
Crop Changes
Aside from known vegetative disturbances post-settlement, another major shift from diverse cropping
systems to essentially two crops has further disrupted hydrologic processes. Schottler et al. (2013)
discussed how changes in cropping rotations from small grains to soybeans has shown relationships with
changes in runoff relationships. Without early season small grains, agricultural fields have little vegetative
protection until mid- to late-June most years. Data collected from the National Agricultural Statistics
Service (NASS) have been compiled for Minnesota’s agricultural counties and aggregated by HUC-8
watershed to calculate the annual percent area harvested for hay, small grain (i.e. barley, wheat, oats and
rye) and row crows (i.e. corn, sweet corn, soybeans, potatoes, canola, beans, peas, flax, sugar beets, and
sunflower). The Cottonwood River watershed, similar to much of Southern Minnesota, has seen extensive
changes in crop history since the early 1920’s. In the 1930’s, the percentage of small grains was close to
equal that of row crop. However, since that time hay and small grains have nearly disappeared in the
watershed (Figure 21). Figure 21 delineates a breakpoint in 1982 that is identified in hydrologic analyses;
discussed further in the streamflow analyses.

Figure 21. Crop changes in the Cottonwood River watershed (catchment ID 2900100).
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Precipitation
Precipitation analyses are based on long-term data collection and a gridded dataset derived from
watershed boundaries. All precipitation data are acquired through the “High Density Radius Retrieval”
website maintained by the Minnesota State Climatology Office. Precipitation data are used to examine
long-term trends within a watershed, and how they relate to streamflow data. Precipitation data are used
for monthly, seasonal, and annual trends.
Data collected within the Cottonwood River watershed indicate that the area has had widely variable
annual precipitation totals, with the seven-year average trending above the long-term average
precipitation from 1983-2017 (Figure 22 and Figure 23). The seven year average rarely exceeded the
25th-75th percentile values, indicating fairly stable precipitation in the region. The overall average
precipitation for the period of record is 26.35 inches.

Figure 22. Cottonwood River annual precipitation trend analysis.

Cottonwood River Watershed Characterization Report

39

Figure 23. Cottonwood River annual precipitation departure from mean.

The Palmer Hydrologic Drought Index (PHDI), derived from the Palmer Drought Severity Index, is used to
quantify the hydrologic impacts of drought. It reflects water availability when a drought or wet spell is
ending which can respond more slowly to changing conditions in comparison to the Palmer Drought
Severity index. It is calculated through a water balance model utilizing precipitation, temperature and local
soil water content data. The historical PHDI for this watershed shows regular periods of alternating
drought and wet conditions with an extended 20 year wet period between 1991 and 2011 (Figure 24).
Using a suite of analyses, including nonstationarity detection tool (US Army Corps of Engineers), double
mass curve, flow duration curve analysis, (shown in discharge analysis section below) and a weight-ofevidence approach to consider the results of the analyses, it was determined that a breakpoint of 1982
would be used for further evaluation of streamflow trends. Average annual seasonal precipitation
increased by roughly 59% and 19% for winter and spring respectively for the post-1982 period while
summer and fall precipitation increased by 9% and 14% (Figure 25). Seasonal precipitation changes from
the long-term average increased most in the winter and spring months (Figure 26).
For more information on precipitation and climate changes, see the WHAF Climate Summary.
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Figure 24. Cottonwood watershed annual Palmer Hydrologic Drought Index.

Figure 25. Cottonwood River watershed seasonal precipitation.
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Figure 26. Cottonwood River watershed seasonal precipitation changes from long-term average.

Discharge Analysis
Stream data collection at the Cottonwood River station in New Ulm (#05317000) began in 1909 through
the United States Geologic Survey (USGS) and is currently in operation. There were multiple breaks in the
dataset prior to 1938; however, the station has been operating continuously since 1939. This long-term
dataset (i.e. >30 years) allows for in-depth analysis of changes over time. Long-term data allow for better
analysis within a watershed and can help show trends or pinpoint when relationships change. Additional
data including daily, monthly, annual, and peak flow statistics have been computed and complied by the
USGS for the site.
All discharge data were plotted out using monthly and annual average flow values for the period of record
to create a hydrograph. A hydrograph is a chart showing the rate of flow (i.e. discharge) over time at a
sample location. Once plotted, the data can be examined for changes over time. Looking at the monthly
flow values over time, average discharge volumes have increased (Figure 27).
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Figure 27. Cottonwood River mean monthly discharge for the period of record.
The exact cause of the increased average flow is unknown. Evidence has been presented for multiple
causes, ranging from increased drainage on the landscape to climatic variation. Streamflow has been found
to be sensitive to precipitation changes. In the Midwestern United States, including Southern Minnesota,
there has been an increase in the intensity of rain events (Sankarasubramanian et al. 2001; Gupta et al.
2015; Gupta et al. 2018). Figure 28 shows increases in precipitation and streamflow throughout the period
of record in the Cottonwood River watershed.

Figure 28. Cottonwood River annual discharge and precipitation.
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The double mass curve (DMC) analysis for annual effective precipitation (EP) and discharge can show
changes in the precipitation-runoff relationship. The curve requires creating a computed runoff record
based on the relationship between runoff and EP. All discharge values are converted to inches by dividing
total volume by the watershed area (the annual discharge converted to acre–ft. and then to inches of runoff
over the watershed).
Statistical significance of breakpoints is identified by an analysis of variance F-test. The F-test, shown in
Figure 29 is an analysis of variance which identifies the significance of breaks in the slope of a double mass
curve and is assessed for each year in the record. The test revealed a signal showing increased significance
in 1983 and 1984 with a confidence level of 90% (F-score of 2.77), and in 2003 with a confidence level of
95% (F-score of 3.97). Although the test shows 2003 as a potential change point based on the change in
relationship between precipitation and runoff, this year is nearer to the end of the period of record and will
be examined in relationship with other analyses.
Additional information on double mass curve development and interpretation can be found on the
following website: http://pubs.usgs.gov/wsp/1541b/report.pdf.

Figure 29. Double mass curve F-Score analysis.
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The United States Army Corps of Engineers (ACOE) Nonstationarity Detection Tool uses twelve different
statistical tests to determine points of possible nonstationarity within annual instantaneous peak discharge
data sets. Breaks in distribution, variance, and mean are assessed over time. The Cottonwood River gage
at New Ulm identified two possible points of nonstationarity: one in 1981 due to a change in mean, and one
in 1983 due to a change in distribution (Figure 30). The two years must be assessed in the context of
additional analyses before the determination of one or several nonstationarity points can be determined.

1983
1981

Figure 30. US Army Corps of Engineers nonstationarity detection heat map.

A flow duration curve is used to calculate the ability or frequency of the magnitude of flow conditions found
at a gage station. The duration of time that flows are likely to equal or exceed a specified value of interest is
useful for engineering and analysis of the watershed and river characteristics, and can be set out by time
period to show changes in flow durations.
The shape of the curve characterizes the ability of the basin to sustain its various flow conditions. For
example, the flood to high flow conditions (i.e. 0-10% exceedance) indicates the relative length and volume
of the flooding regime. A steep curve (i.e. high flows for short periods) would be expected for rainfall
derived floods on small, steep, or highly altered watersheds. Flooding driven by snowmelt runoff will have
a flatter slope near the upper limit.
The Cottonwood River curve has a relatively flat slope even at high flows, indicating longer prolonged
events like snowmelt or other watershed storage may be moderating flood and high flow conditions
(Figure 31). While some sub-watersheds that include the Coteau would be flashier due to small size and
steep gradient, at New Ulm the watershed is large and has a relatively gentle slope overall; resulting in a
more gradual flow duration curve. Figure 32 shows the flow duration curve for the full period of record,
pre-1982 and post-1982.
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Figure 31. Cottonwood River flow duration curve.

Figure 32. Cottonwood River flow duration curve including full period of record, pre-1982 and post-1982
periods.
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Using the duration data, trends can be analyzed for various flow conditions. The high flow (i.e. Q10; 0-10%
exceedance) and low flow (i.e. Q90; 90-100% exceedance) periods were plotted to examine if the number of
days at the flow conditions has changed over time. The high and low flow conditions have both changed
over time. The number of days at or above flood flow conditions (i.e. Q10) have increased in the
Cottonwood River watershed (Figure 33). Historically, the combined effect of agricultural surface and
subsurface drainage, channelization, and land use change has been to increase streamflow peaks and
shorten catchment response times (Robinson & Rycroft, 1999; Wiskow & Van der Ploeg, 2003). Sixty
percent of streams or rivers in the United States have experienced major changes in high or low flow (i.e.
>75% change) or in the timing of these flows (i.e. >60 day shift) in the 1970s through 1990s compared to a
1930–reference period (Heinz Center 2002).
Additionally, the effect of subsurface drainage is generally to increase baseflows (i.e. that portion of
streamflow that is derived from seepage or shallow groundwater, as opposed to surface runoff), regardless
of whether peak flows are increased or decreased (Moore et al. 1980; Robinson & Hubbard 1990; Schilling
& Libra 2003). The number of days at or below Q90 in the Cottonwood River have decreased over time,
reflecting an increase in baseflow conditions (Figure 34). The Cottonwood River gage station in New Ulm
did not record any flows below Q90 from 2015-2017.

Figure 33. Cottonwood River annual number of days at or above high flow (i.e. Q10).
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Figure 34. Cottonwood River annual number of days at or below low flows (i.e. Q90).

A correlogram determines the level of correlation between current year annual discharge and prior years.
Each year lagged represents that prior year’s influence on the existing year’s discharge. The tendency for
“high flows to follow high flows, and for low flows to follow low flows is referred to as hydrologic
persistence and is attributed to storage processes in the atmosphere or in the drainage basin, either surface
or subsurface” (Wallis & Matalas 1971). Values over 0.5 typically indicate a high level of persistence and
often drop significantly the farther back the analysis runs. This watershed has a low level of correlation
between current and prior years discharge as is seen in Figure 35.
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Figure 35. Cottonwood River watershed annual discharge Correlogram.
Annual precipitation or annual runoff can be analyzed through an accumulated departure analysis based on
the average for the period of record. A graphical plot assists in revealing any tendency or trend though
time. Changes in general slope or direction of the graph can assist in assessing break points in the record.
The Hurst Coefficient that is derived from this analysis ranges from 0 to 1 with values over >0.5 showing
that the system has greater hydrologic persistence.
While the Correlogram shows a low level of hydrologic persistence from one year to the next, the Hurst
Coefficient shows a strong persistence over a longer time period with runoff (i.e. Hurst Coefficient of 0.80)
and precipitation (i.e. Hurst Coefficient of 0.74) tracking closely together (Figure 36). The negative
direction of both datasets from the start of the record in the graph indicate consistent annual values below
or near the average. This shifts around 1982 and 1983 when the datasets begin a climb back towards the
zero value indicating consistent annual values above the historic average. This shift in direction may
indicate a change point in the hydrologic record heavily influenced by climate, which is represented by the
precipitation dataset.
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Figure 36. Cottonwood River watershed annual precipitation and discharge cumulative departure from
historic average.
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The ACOE Climate Assessment Tool utilizes climate modeling to project changes in mean annual maximum
monthly streamflow using a selected break point year. Determination of a breakpoint indicating altered
hydrologic conditions is central to the Evaluation of Hydrologic Change and should be based on multiple
lines of evidence supported by a combination of analyses within this report. The completion of this
analysis can occur once breakpoints are identified, which in this watershed was the year 1982. Using this
break point provided a projection with a highly statistically significant linear regression fit (Figure 37).

Figure 37. US Army Corps of Engineers Climate Assessment Tool output.
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Water Appropriations
In 2017, water appropriation in the Cottonwood River watershed exceeded 2.15 billion gallons of water.
Out of 93 actively permitted water users, nearly 92 percent of all water appropriated was from
groundwater resources (Figure 38). Water appropriation is concentrated in two areas within the
Cottonwood River watershed; in Sleepy Eye along the Cottonwood River where a majority of agricultural
irrigation is found, and in the Marshall area where more than 60% of water is appropriated in the
watershed.

Figure 38. Water appropriated in the Cottonwood River watershed.

Major Use Types
Appropriated water is mainly utilized by municipalities, primarily by the Cities of Marshall and Sleepy Eye.
The City of Marshall alone accounted for over 34% of all groundwater use in the watershed followed
closely by Archer Daniels Midland (Industrial Processing/Ethanol Production) facilities located in Marshall
utilizing over 30% of groundwater in the watershed. Groundwater wells for ADM are located close to the
boundary between the Cottonwood and Redwood River watersheds near the City of Marshall. To a lesser
extent, agricultural irrigation is present within the watershed. Irrigators are authorized to use up to 854
million gallons of water per year. In 2017, irrigation only accounted for 214 million gallons, or 11% of total
groundwater use (Figure 39).
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Figure 39. Groundwater appropriation and active water appropriation in the Cottonwood River watershed.

Aquifers Utilized
Water appropriated in the watershed is primarily obtained from the QBAA, consisting of sands and gravels
found in glacial materials and overlain by clays that can limit the movement of water between the surface
and other QBAA aquifers. These aquifers are typically discontinuous in nature and may not be laterally
extensive.
The other significant resource utilized is the Cretaceous Sandstone Aquifer (KRET). This aquifer is a deep
bedrock aquifer that has been eroded in various parts of the watershed. The KRET also contains layers of
shale that limit water movement in the aquifer. Where the shales are present, water availability may be
limited. Natural water quality is also a concern in the KRET due to high mineral content. The KRET is
primarily found in the southern and western parts of the watershed where the thickness of the aquifer
increases.

Future Groundwater Use
Dependence on groundwater in the watershed is expected to increase. Water use for facilities such as
concentrated livestock operations and increases in irrigation are anticipated. Municipal water use is
expected to continue a slow decline due to populations shifting from rural to more urban settings.
Cottonwood River Watershed Characterization Report

53

Observation Well Information
There are 52 observation wells within the Cottonwood River watershed. There are 18 DNR observation
wells, nine of which are no longer active. There are an additional 34 monitoring points tied to DNR water
appropriation permits in the watershed, three of which are no longer active. A majority of the observation
wells are completed in QBAA’s.

State Observation Wells
For simplicity considerations, not all observation wells were reviewed. DNR Well 42012 and DNR Well
08013 were reviewed due to location, length of available data, and frequency of water level measurements.
Well 42012 is located near Marshall and has been regularly observed since 1988 (Figure 40). In 2014, the
well was instrumented with a water level pressure transducer and data logger. Visual assessment of the
water levels in this well appear to be impacted by inter-annual climactic changes. This includes drought
periods in 1988 and late 1990’s and wet periods noted in the early 1990’s and more recently (2016-2018).

Figure 40. Water levels in Observation Well 42012 from May 1988-July 2018.
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Well 08013 is located southeast of Sleepy near a location where irrigation is present and expanding. The
well was completed and readings began in 2009. The well is located just out of the watershed, but the data
quality and aquifer is likely representative of groundwater conditions in the Cottonwood River watershed.
The well has been instrumented since May 2009. Visual assessment of the water levels indicates summer
declines in water levels with fall-spring recovery occurring (Figure 41). This is likely due to high demands
for water due to irrigation. Overall, water levels fell from 2012 through 2014 on a year over year basis but
have since recovered to pre 2012 highs. There does not appear to be immediate climatic response in this
well as noted in 42012. This is potentially due to localized geologic deposits and use in the area of the
aquifer.

Figure 41. Water levels at Observation Well 08013 from June 2009-April 2019.

Appropriator Observation Wells
Appropriator observation well data was not reviewed as part of this assessment. It is important to note
however that DNR requires monitoring conditions on many users due to the potential impacts to
groundwater resources and water dependent surface resources. This includes conditions that may be
placed on permits due to potential stream depletion concerns, as is the case for Highwater Ethanol near
Lamberton.
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Connectivity
Introduction
Connectivity, as discussed in this report, is defined as the maintenance of lateral, longitudinal, and vertical
pathways for biological, hydrological, and physical processes within a river system (Annear 2004). Four
primary dimensions of connectivity exist within a river system: longitudinal (i.e. upstream and
downstream); lateral (i.e. channel to floodplain); vertical (i.e. groundwater-surface water interactions); and
temporal (i.e. continuity of flow over time; Annear 2004). Maintenance of watershed connections is critical
for watershed health (Moore 2015). Due to the objectives of this study and constraints of available data,
vertical and temporal connectivity were not directly assessed.
Longitudinal connectivity is especially important for fish species as they make seasonal migrations to
spawning, nursery, feeding, or overwintering habitats. During periods of stress (e.g. floods and drought),
many fish migrate away from their local habitats and it is essential that they are capable of returning in
following years. Mussel species are also adversely affected by the inability for host fish species to migrate
to potential habitats upstream of impassable barriers.
Disruptions of longitudinal connectivity include: dams, waterfalls, perched culverts, or any structure that
impedes seasonal migration of aquatic biota, often resulting in low Index of Biotic Integrity (IBI) scores.
Fragmentation of river systems through dam construction has altered patterns of connectivity that help
maintain river stability (Yeakel et al. 2014; Moore 2015). Dams on riverine systems have been documented
to not only reduce species richness, but also increase relative abundance of undesirable species (Winston
et al. 1991; Santucci et al. 2005; Slawski et al. 2008; Lore 2011, Aadland 2015).
A common practice in the Cottonwood River watershed and other west-central Minnesota tributaries to the
Minnesota River is the utilization of dams and road retention structures to alleviate downstream flooding
in medium-to-high gradient headwater streams with relatively wide valleys. The purpose of road retention
structures is to pond flood waters upstream of the road crossing for 24-72 hours in an effort to “meter” out
the flow. This is done by downsizing the crossing culvert and raising the road embankment. These projects
are designed with large scour pools on the downstream side to dissipate the energy coming through the
crossing; however, the amount of flow coming through the culvert and the scour pool are both significant
impediments to fish passage. Figure 42 shows an example of a retention structure.
In watersheds that have impassable structures, the only source for fish community replenishment after an
extreme stress period (e.g. drought) is local lakes upstream of the barrier. It can be expected that the only
fishes surveyed in sites upstream of a barrier will be species that thrive in lakes (e.g. fathead minnow
Pimephales promelas), typically representative of less desirable species when calculating stream IBIs.
Another component of longitudinal connectivity is riparian connectivity. Riparian connectivity consists of
bridges and culverts that do not allow for free migration of riparian and aquatic biota, as well as having
proper riparian vegetative communities to sustain stream stability. Improper sizing of bridges and culverts
not only removes access for the stream to reach its floodplain at the current location, but also impedes
longitudinal movement of riparian animals which can result in incidental death from vehicle collisions
while crossing roads. Zytkovicz and Murtada (2013) reported that improper sizing of bridges and culverts
can also result in infrastructural damage from loss of the river’s access to its floodplain.
Cottonwood River Watershed Characterization Report

56

Figure 42. Downsized culverts often have large scour pools downstream, exhibit supercritical velocities at
even low flows, and can cause fish passage issues year-round.
Riparian vegetation communities have a profound impact on stream stability and sediment supply in most
stream types (Rosgen 1994). In order to achieve stream stability, native riparian communities are essential
to provide root structure that maintains the shape of the bank and protects the bank from erosional forces.
Vegetation type is critical for stream stability. If the type of vegetation departs from natural, the stream
will likely no longer be protected and will become unstable. Generally, >90% of vegetation root mass
occurs in the top three feet of soil, so once a stream degrades below that point bank erosion becomes much
more prevalent (Piercy and Wynn 2008).
Lateral connectivity represents the connection between a river and its floodplain. Floodplains not only
play a vital role in spawning habitat and refuge for aquatic biota, but also for nutrient removal and energy
dissipation for river stability (Junk et al. 1989; Tockner et al. 2000; Figure 43). When a river degrades to a
point where it can no longer dissipate its energy through floodplain access, it builds excess amounts of
shear stress along both banks resulting in channel widening. This process deems the channel unstable and
usually results in loss of habitat and biotic integrity until the stream can eventually reach a state of
equilibrium once again.
For more information on the methods used for connectivity analyses, see the Minnesota River, Shakopee
Watershed Characterization Report.
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Figure 43. Photo of a stream connected to its floodplain at high flows. Notice the difference in water clarity
in the main channel in comparison to water entering from the floodplain.
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Results
Longitudinal Connectivity
Stream crossing analysis was done by intersecting the roads shapefile and MPCA Altered Watercourse layer
and found there are 1,452 (1.11/mi2) stream crossings in the Cottonwood River watershed, although it is
unclear how many are culvert crossings and how many are bridges (Figure 44). Given the high number of
crossings in this watershed, proper sizing is important for streams to maintain stability. Improper sizing
can lead to issues with moving sediment through culverts, and has adverse effects upstream and
downstream (Zytkovicz and Murtada 2013).

Figure 44. Road and stream intersections in the Cottonwood River watershed.

The MNDNR River Ecology Unit performed a crossing inventory on perennial streams within the
Cottonwood River watershed in 2014-2015 (MNDNR 2018b). Overall, they assessed 406 sites with 229
(i.e. 56.4%) being culverts, 166 bridges (40.9%), 5 dams (1.2%), 4 undetermined (1%) and 2 fords (0.5%).
Only 34 of the 234 (i.e. 14.5%) non-bridge sites were considered fully passable, while 132 (56.4%) were
considered partial or seasonal barriers, 61 (26.6%) significant barriers, 5 dams (2.1%; three of which were
removed in 2020), and 2 complete barriers (0.9%; Figure 45). The number of significant barriers is
expected to increase in non-perennial streams as they relate to areas of high slope in the transition area
between stagnation moraine and ground moraine.
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Figure 45. Assessed non-bridge sites with corresponding barrier rankings in the Cottonwood River watershed
(from MNDNR 2018).
Desktop reconnaissance, the River Ecology Unit’s crossing inventory, and field observations identified
approximately 132 dam and road retention structures, and 63 significant or complete culvert barriers to
fish migration in the Cottonwood River watershed (Figure 46). In addition, there are well known waterfalls
on Mound Creek near Jeffers, however, they are upstream of other known barriers. In total, 196 fish
barriers were identified within the Cottonwood River watershed. Of these barriers, 67 were located on
perennial streams.
Prior to 2020, three dams were located on the Cottonwood River mainstem between Sanborn and
Lamberton. In January-February 2020, the dams were removed and replaced with riffles and rock arch
rapids that are conducive to year round fish passage. Early spring runoff delayed the completion of the
project, but as of April 2020 each dam has been removed or retrofitted for fish passage. With these dams
removed, the Cottonwood River is open for fish passage from the confluence of the Minnesota River to
nearly the headwaters where culverts and one dam remain significant barriers.
Out of 80 MPCA biomonitoring sites in the Cottonwood River watershed, 48 were found to have at least one
barrier downstream (Figure 47). Two sites (i.e. 03MN035 and 17MN139) each had 13 barriers to fish
passage downstream. See Appendix 2 for full information on type of barrier, significance, and number of
barriers for each site.
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Figure 46. Longitudinal barriers in the Cottonwood River watershed.

Figure 47. MPCA biological monitoring site locations with corresponding number of fish barriers downstream.
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Riparian vegetation was analyzed at each of the geomorphology survey sites using the Bank Erosion
Hazard Index (BEHI) model; especially bank height, root depth, root density, and weighted root density.
Sites that were surveyed in the Cottonwood River watershed showed multiple riparian uses from cropland
to forest. Weighted root density values (i.e. [root depth/bank height]*root density) ranged from 3.46-30%
which gives a BEHI range of moderate to extreme (Table 3). Although many of the sites had perennial
vegetation along the streambanks, the vegetation tended to be non-native grasses that have shallow roots
with little density. Figure 48 shows WHAF analysis of riparian connectivity in the Cottonwood River
watershed. Perennial vegetation scores were discussed previously in this report (Figure 14).

Table 3. Bank vegetation ratings at geomorphology sites in the Cottonwood River watershed with
corresponding weighted root densities and BEHI adjective ratings.

Site

Vegetation Type

Bank
Height
(ft)

Coal Mine Creek - Lamberton WMA
Cottonwood River - Deer Lane WMA
Cottonwood River - Garvin Park
Cottonwood River near Lamberton
Highwater Creek
JD12
JD3
Lower Plum Creek
Lower Sleepy Eye Creek
Meadow Creek - Brakke WMA
Unnamed Trib - Bue-tiful Acres WMA
Unnamed Trib - Rooster Flats WMA
Unnamed Trib near Revere
Upper Plum Creek
Upper Sleepy Eye Creek

Grasses
Grasses/Pasture
Trees/Grasses
Trees/Lawn/Cropland
Grazed Pasture
Grasses/Cropland
Grasses/Shrubs
Trees/Cropland
Trees/Cropland
Grasses
Grasses
Grasses/Shrubs
Grasses/Cropland
Grasses/Shrubs/Trees
Grasses/Cropland

9
4
5
5.5
7
3
3.5
4.5
10
6.5
17
4
5
7
6
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Root
Depth
(ft)
8.5
4
4
4
4
2
3
3
2
1.5
8
4
2
5
2

Weighted
Root
Density
(%)
28.33
30.00
32
14.55
17.14
20.00
21.43
20.00
4.00
3.46
9.41
30.00
8.00
3.57
8.33

BEHI
Rating
Mod/High
Moderate
Moderate
Very High
Very High
High
High
High
Extreme
Extreme
Very High
Moderate
Very High
Extreme
Very High
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Figure 48. Riparian connectivity scores for the Cottonwood River watershed catchments (WHAF 2020).
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Lateral Connectivity
Lateral connectivity assessment designates if stream channels are connected with their nearby floodplain
or if they are incised to a point where high flows do not end up on the floodplain (i.e. entrenched; Figure
49). This degree of entrenchment is based on the relation between bankfull discharge (i.e. 1-2 year
frequency flood) and flood-prone discharge (i.e. ~50 year frequency flood). The ability of a stream channel
to access its floodplain helps reduce streambank erosion, treat nutrients, and store water to reduce
flooding to downstream waters. Floodplain connectivity was assessed as part of geomorphology surveys at
15 sites throughout the Cottonwood River watershed. Out of 15 survey reaches, 12 had adequate
floodplain connectivity (i.e. slightly entrenched), one had minimal floodplain connectivity (i.e. moderately
entrenched), and two sites were entrenched (Figure 50).

Figure 49. Examples of an entrenched stream (Sleepy Eye Creek Ditch Site; left) and a non-entrenched stream
(Cottonwood River Deer Lane WMA; right).
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Figure 50. Location of entrenched and non-entrenched survey sites in the Cottonwood River watershed with
SSURGO flooding frequency class soils.
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Geomorphology
Introduction
Sediment-related impairments (e.g. turbidity) rank sixth on the list of existing impairments in the United
States and are the most abundant threatening Minnesota streams (EPA 2016). Prior to the early 2000s, it
was believed that sediment was largely derived from agricultural fields, but recent data show that nearchannel and ravine sediment is becoming the largest contributor (Sekely et al. 2002; Thoma et al. 2005;
Wilson et al. 2008; Juracek and Ziegler 2009; Schottler et al. 2010; Belmont et al. 2011; Zaimes and Schultz
2012; Schottler et al. 2013). In order to fully understand the shift from upland to near-channel sediment
contributions, one must study fluvial processes in accordance to changes in climate and land use.
Fluvial geomorphology, as addressed in this report, pertains to the way the land was formed and continues
to be formed by flowing water (Leopold et al. 1964). The principle methods used in this study to describe
the geomorphology follow the Rosgen (1994) classification system, where the dimension, pattern, and
profile of the stream are all documented to define the stream type (Figure 51). The boundary conditions of
the channel (i.e. valley type; Table 4) can determine the likelihood of a stream to be able to take on
watershed changes and remain stable or become unstable. Other measurements (e.g., bank height ratio,
erosion rates, and sediment competence) can help assess whether the channel is stable or if it is in a
transitional state (i.e. evolving to or from a disturbed channel type).
By definition, a stable stream is one that can transport the flows and sediment of its watershed over time,
in the present climate, in a manner that the stream maintains its dimension, pattern, and profile without
aggrading or degrading (Rosgen 1996). When other components of the healthy watershed are disturbed,
especially hydrology and connectivity, it is likely to see a successional change in local rivers to adjust to the
new conditions. In most cases, a stream that is disturbed will lose habitat quality from an imbalance of
sediment supply and sediment delivery resulting in biota and turbidity impairments in the stream.
Many headwater streams in agricultural-dominated landscapes in southern Minnesota are channelized for
better drainage of previously wetland-dominated landscapes. Channel modification by channelization or
ditching has multiple impacts on stream stability and hydrology. Impacts include (but not limited to): loss
of habitat heterogeneity, loss of floodplain connectivity, and increased hydrology downstream. Many
ditches are over-widened which can lead to stream bed aggradation and habitat loss.
For more information on the methods used for geomorphology analyses, see the Minnesota River,
Shakopee Watershed Characterization Report.
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Figure 51. Explanation of the measurements used to classify a representative stream reach. Once there are
established measurements of entrenchment, bankfull width to depth ratio at a representative riffle cross
section, sinuosity, and slope, one can conclude what type of stream it is. Other measurements taken help
determine if the stream is stable in its current state or if it is in a successional state to adapt to its current
climate, hydrology, and land use (from Rosgen 1997).
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Table 4. Valley type descriptions with stable and unstable stream types exhibited (from Rosgen 2014).
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Results
Out of 15 surveyed stream reaches in the Cottonwood River watershed, eight were classified as E channels,
four C channels, two G channels, and one B channel (Figure 52). Channel types were largely influenced by
local geology, location in the watershed, human activity, and vegetation management. The following subsections will discuss each site in further detail.

Figure 52. Location of the Cottonwood River watershed geomorphology sites with corresponding stream
types.
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Meadow Creek
Unnamed Tributary – Bue-tiful Acres WMA
The geomorphology survey site on unnamed tributary to Meadow Creek was located approximately five
miles southwest of Marshall within the Bue-tiful Acres WMA (Figure 53). At this location, the 4.17 square
mile drainage area consists of 81.5% cultivated crops, 9.5% pasture and hay, 2.9% developed, 2% open
water, 1.9% wetland, 1.7% shrub and herbaceous, 0.3% forest, and 0.2% barren land uses (NLCD 2016;
WHAF 2019). Throughout the survey reach, the creek flows through an unconfined glacial outwash valley
full of perennial grasses that were historically pastured (Table 5).

Figure 53. Location of the Bue-tiful Acres WMA survey site with a photo.

Table 5. Stream information for the Bue-tiful Acres WMA geomorphology site.
Stream Information
Stream Name

Unnamed Stream

W/D Ratio

4.73

WID

Unassessed

Entrenchment Ratio

3.88 (Slight)

County

Lyon

Bank-Height Ratio

1.96 (Deep)

Water Slope

0.0039 ft/ft

Section, Township, Range 32, T111N, R41W
Drainage Area

4.17 mi2

Sinuosity

2.27

Stream Type

E4

Erosion Estimates

0.01 tons/ft/year

Valley Type

U-GL-GO

Pfankuch Stability Rating

75 (Good)

Bankfull Discharge

9.96 cfs (U/U* method) Bankfull Cross-Sectional Area 3.48 ft2
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This unnamed stream survey site had a relatively narrow and deep stream channel with a gravel bed,
tortuous sinuosity, and some floodplain connectivity, resulting in an E4 stream classification. E4 streams
have a very high sensitivity to disturbance, good recovery potential, moderate sediment supply, high
streambank erosion potential, and vegetation plays a critical role in maintaining stability (Rosgen 1994;
Appendix 3). The bank-height ratio (i.e. height of historic floodplain divided by bankfull maximum depth)
was 1.96 at this site indicating that it is deeply incised, and the entrenchment ratio of 3.88 indicates the
channel is nearly entrenched. The Pfankuch stability rating was 75 which is considered good stability.
Pfankuch stability ratings are based on the potential, or stable stream type in a given valley. In this case, E4
is the stable stream type.
Discharge analysis estimated bankfull discharge to be 9.96 cubic feet per second (cfs; U/U* estimation
method). StreamStats estimated the 1.5 year discharge to be 55.6 cfs with a 90% confidence range of 19.8119cfs (Table 6). Bankfull cross sectional area was 3.48 square feet and matches up well with other
Cottonwood River watershed sites (Appendix 4). See Table 6 and Appendix 4 for this information on other
geomorphology sites.
Table 6. Bankfull discharge estimates for the Cottonwood River watershed geomorphology sites.
Corresponding StreamStats estimates are included for comparison.
Site
Unnamed Trib - Bue-tiful Acres WMA
Unnamed Trib - Rooster Flats WMA
Meadow Creek - Brakke WMA
JD3
Unnamed Trib near Revere
Highwater Creek
Upper Plum Creek
Lower Plum Creek
Coal Mine Creek - Lamberton WMA
Upper Sleepy Eye Creek
Lower Sleepy Eye Creek
JD12
Cottonwood River - Deer Lane WMA
Cottonwood River - Garvin Park
Cottonwood River near Lamberton

Estimated Bankfull Discharge (cfs)
U/U* (Low)
Manning's "n" (High)
9.96
10.58
110.82
112.31
132.54
133.51
78.31
84.39
40.58
44
298.25
309.08
345.03
368.21
477.62
505.37
111.4
113.22
323.26
337.07
627.24
686.54
4.34
4.6
86.38
87.83
229.19
259
1008
1040.62

StreamStats Estimate (cfs)

StreamStats 90% C.I.

55.6
170
313
89.5
72.1
346
233
292
49.7
330
523
50.1
173
242
1020

19.8-119
60.6-362
112-665
32.2-189
25.8-153
124-733
84-493
105-617
17.7-106
116-712
184-1130
17.7-107
62.1-367
86.9-511
363-2180

The BANCS model estimated banks within the study reach contribute 0.01 tons of sediment (i.e. 20 pounds)
per linear foot of stream annually using the Colorado erosion model (Rosgen 2001). These predictions
assume the 969 foot reach of unnamed stream contributes 9.69 tons of sediment annually. Unnamed
stream was a low-range sediment contributor when compared to other sites in the Cottonwood River
watershed (Table 7). While the Colorado bank erosion model has shown to reflect southern Minnesota
streams erosion rates, regional bank erosion models are being developed to have a more exact prediction
of annual erosion rates.
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Table 7. Bank erosion estimates for each geomorphology site, including a ten mile reach of the lower
Cottonwood River. These erosion rates were estimated with the Colorado bank erosion model.
Site
Unnamed Trib - Bue-tiful Acres WMA
Unnamed Trib - Rooster Flats WMA
Meadow Creek - Brakke WMA
JD3
Unnamed Trib near Revere
Highwater Creek
Upper Plum Creek
Lower Plum Creek
Coal Mine Creek - Lamberton WMA
Upper Sleepy Eye Creek
Lower Sleepy Eye Creek
JD12
Cottonwood River - Deer Lane WMA
Cottonwood River - Garvin Park
Cottonwood River near Lamberton
BANCS County Road 11 to County Road 13

Reach Length (ft)
969
970
627
729
1,623
2,227
1,003
580
550
1,064
1,196
1,549
1,811
766
1,776
53,865

Average Erosion Rate
(tons/ft/year; Colorado Model)
0.01
0.007
0.024
0.011
N/A
0.01
0.031
0.052
0.014
N/A
0.0008
N/A
0.012
N/A
0.03
0.2766

Predicted Reach Erosion
(tons/reach/year; Colorado Model)
9.69
6.79
15.05
8.02
N/A
22.27
31.09
30.16
7.70
N/A
0.96
N/A
21.73
N/A
53.28
14,899.06

The unnamed stream within Bue-tiful Acres WMA showed signs of historic instability through incision, but
has shown some recovery and appears to be a low sediment contributor. The stream meanders within a
relatively steep valley (i.e. 0.8% valley slope) and has the second steepest slope of all the Cottonwood River
watershed sites at 0.39% slope. While this reach shows signs of resiliency over time, there are reaches
upstream and downstream that have been channelized. When any stream is channelized, it begins a
process of mass erosion to create a channel pattern again. When streams in steep valleys are channelized,
it leaves opportunity for incision to move to upstream reaches; reducing floodplain connectivity, increasing
channel shear stress, and increasing bank erosion. Historic pasturing practices also led to some instability.
One cross section was surveyed at a historical cattle crossing. This particular cross section was five times
wider than the classification riffle cross section (Figure 54).
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Figure 54. Comparison of the classification cross section and the historic cattle crossing cross section at the
Bue-tiful Acres WMA site.
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Unnamed Tributary to Meadow Creek – Rooster Flats WMA
The geomorphology survey site on unnamed tributary to Meadow Creek was located approximately six
miles southeast of Marshall within Rooster Flats WMA (Figure 55). At this location, the 32.08 square mile
drainage area consists of 79.4% cultivated crops, 8.7% pasture and hay, 4.9% wetland, 3% developed, 2%
shrub and herbaceous, 1.6% water, 0.3% forest, and 0.1% barren land uses (NLCD 2016; WHAF 2019).
Throughout the survey reach, the creek flows through an unconfined glacial outwash valley full of
perennial grasses and shrubs (Table 8).

Figure 55. Location of the Rooster Flats WMA survey site with a photo.
Table 8. Stream information for the Rooster Flats WMA geomorphology survey site.
Stream Information
Stream Name

Unnamed Stream

W/D Ratio

11.83

WID

07020008-600

Entrenchment Ratio

12.5 (Slight)

County

Lyon

Bank-Height Ratio

1 (Stable)

Water Slope

0.00028 ft/ft

Section, Township, Range 32, T111N, R40W
Drainage Area

32.08 mi2

Sinuosity

1.33

Stream Type

E6

Erosion Estimates

0.007 tons/ft/year

Valley Type

U-GL-GO

Pfankuch Stability Rating

92 (Poor)

Bankfull Discharge

110.82 cfs (U/U* method) Bankfull Cross-Sectional Area 37.41 ft2
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This unnamed stream survey site had a relatively narrow and deep stream channel with a predominantly
silt bed, tortuous sinuosity, and some floodplain connectivity, resulting in an E6 stream classification. E6
streams have a very high sensitivity to disturbance, good recovery potential, low sediment supply,
moderate streambank erosion potential, and vegetation plays a critical role in maintaining stability
(Rosgen 1994; Appendix 3). The bank-height ratio was 1 at this site indicating the stream has immediate
connection with its floodplain above bankfull flows. The Pfankuch stability rating was 92 which is
considered poor stability.
The BANCS model estimated banks within the study reach contribute 0.007 tons of sediment (i.e. 14
pounds) per linear foot of stream annually using the Colorado erosion model (Rosgen 2001). These
predictions assume the 970 foot reach of unnamed stream contributes 6.79 tons of sediment annually.
The survey on unnamed stream began in a channelized section in the adjacent property and continued into
a naturally meandering section within Rooster Flats WMA. Channelized streams typically lack diverse
habitats that fish and other aquatic biota need. The longitudinal profile shows no channel bed
heterogeneity in the channelized reach, but began to create riffle and pool sequences in the naturally
meandering section (Figure 56). The ditched section also had a higher bank height ratio, lower W/D ratio,
lower entrenchment ratio, and a beaver dam located immediately upstream of the naturally meandering
reach (Figure 57). The classification riffle had a W/D ratio of 11.83, very close to the cutoff between an E
and C channel. It’s unclear if this is a sign of historic widening or a symptom of the upstream ditched
section. Overall sediment supply was low and the natural channel appeared in relatively good condition.

Figure 56. Longitudinal profile at the Rooster Flats WMA survey site. The upstream channelized reach lacked
channel bed changes. The downstream natural channel section had pool and riffle bed features.
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Figure 57. Comparison of the ditch and riffle cross sections at the Rooster Flats WMA survey site.
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Meadow Creek – Brakke WMA
The geomorphology survey site on Meadow Creek was located approximately 9.5 miles southeast of
Marshall within Brakke WMA (Figure 58). At this location, the 72.7 square mile drainage area consists of
83.2% cultivated crops, 5.7% pasture and hay, 4.6% wetland, 4% developed, 1.4% shrub and herbaceous,
0.8% open water, 0.2% forest and 0.1% barren land uses (NLCD 2016; WHAF 2019). Throughout the
survey reach, Meadow Creek flows through an unconfined glacial outwash valley full of perennial grasses
(Table 9).

Figure 58. Location of the Brakke WMA survey site with a photo.
Table 9. Stream information for the Brakke WMA geomorphology survey site.
Stream Information
Stream Name

Meadow Creek

W/D Ratio

7.46

WID

07020008-600

Entrenchment Ratio

90.12 (Slight)

County

Lyon

Bank-Height Ratio

1 (Stable)

Water Slope

0.00011 ft/ft

Section, Township, Range 2, T110N, R40W
Drainage Area

72.7 mi2

Sinuosity

1.4

Stream Type

E6

Erosion Estimates

0.024 tons/ft/year

Valley Type

U-GL-GO

Pfankuch Stability Rating

70 (Fair)

Bankfull Discharge

132.54 cfs (U/U* method) Bankfull Cross-Sectional Area 54.3 ft2
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The Meadow Creek survey site had a relatively narrow and deep stream channel with a silt bed, natural
sinuosity, and considerable floodplain connectivity; resulting in an E6 stream classification. The bankheight ratio was 1 at this site indicating that it is not incised, and a flood-prone width of 1,814 feet gave it a
high entrenchment ratio. The Pfankuch stability rating was 70 which is considered fair stability.
The BANCS model estimated banks within the study reach contribute 0.024 tons of sediment (i.e. 48
pounds) per linear foot of stream annually using the Colorado erosion model (Rosgen 2001). These
predictions assume the 627 foot reach of Meadow Creek contributes 15.05 tons of sediment annually.
Overall, banks within the survey reach were relatively short, well vegetated, and were made up of cohesive
soils that are less erodible than coarse sediments.
The Meadow Creek survey site had a compatible W/D ratio (i.e. <12) for sediment transport in low gradient
streams; however, the longitudinal profile did not show any change in stream bed morphology (Figure 59).
Also, personal accounts recall sinking up to a foot into mud while wading in the channel. The stream
pattern within this reach is not ideal for an E channel in this valley. Relatively low sinuosity (i.e. 1.4) and
high radius of curvature to bankfull width ratios (i.e. 5-7.5) create issues for low gradient channels to scour
out pools and allow for deposition on straight reaches. For the channel to create these bed features, it
would have to create a pattern within the existing pattern much like what was documented at the Bue-tiful
Acres WMA survey site. The road culvert upstream of the reach also caused some local instability as it was
wider than the bankfull width of the channel, which caused an over-widened reach near the road crossing
(Figure 60).

Figure 59. Longitudinal profile of the Meadow Creek survey reach.
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Figure 60. Photo of the road culvert upstream of the geomorphology reach on Meadow Creek. The width of
the crossing is nearly three times bankfull width, resulting in sediment depositing in the culvert and a locally
over-widened reach of stream.
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Meadow Creek Conclusions and Watershed Restoration and Protection Strategies
Meadow Creek is the first large tributary to the Cottonwood River as their confluence is around 5 miles
southwest of Milroy. Like most of the tributaries that flow off the stagnation moraine, Meadow Creek is
steeper than most southern Minnesota streams. The stream drops approximately 350 feet from source to
confluence with the Cottonwood River; nearly 300 feet of fall in the first 1/3 of the stream length before
reaching the ground moraine section (Figure 61).
Steep landscapes tend to have high runoff ratios, more frequent flooding, and are subject to flash floods.
The stream channel frequently takes flows that are above bankfull discharge, so it is critical for the channel
to access its floodplain. Since the valleys are steep, it is important for streams to have high sinuosity to
reduce the channel slope, increase in-channel habitat, and reduce shear stress that causes incision and
lateral erosion.
Steep terrain in the Meadow Creek watershed also results in numerous ephemeral waterways. Using the
National Hydrography Dataset and MNDNR perennial streams layer, only 11.89% of stream length in the
Meadow Creek watershed is considered perennial (Figure 61). While ephemeral channels only contribute
flow during runoff events, they can also contribute significant amounts of sediment during runoff events if
not properly protected. Proper grading and vegetation (i.e. grassed waterways) are critical to protect
sediments from reaching local water bodies.
Riparian vegetation is a critical component to maintain stream stability with most stream types in the
Meadow Creek watershed. Where there are steep valleys, row-crop agriculture is rarely seen within the
valley, but cattle grazing is a frequent practice. Some grazing can be beneficial to stream channels, but
overgrazed pastures and cattle crossings are areas that contribute a majority of the near-channel sediment
delivered from these streams. Frequent flooding in the ground moraine section of Meadow Creek
watershed has also deterred cultivated crop production near the channel. Much of this area is protected
with set aside programs and public lands.
Road crossings provide potential issues with stream stability if not installed properly to match the
dimension and slope of the channel and adjacent floodplain; especially in areas of steep terrain. In the
Meadow Creek watershed, there are 164 public road crossings of streams. Many of these crossings fall
within the steep section of the watershed.
There are 35 dams and road retention structures in the watershed. These structures disrupt the
longitudinal connectivity of a stream channel, resulting in: disrupted sediment transport, flood flow
confinement, and blocked fish migration. While the benefits of flood control via road retention structures
and dams are still widely unknown, the detriments to connectivity, geomorphology, and biological
communities are well documented.
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Figure 61. Meadow Creek watershed characteristics provide unique challenges and opportunities for
restoration and protection.
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Dutch Charley Creek
Judicial Ditch #3
The geomorphology survey site on Judicial Ditch #3 was located approximately three miles northeast of
Westbrook (Figure 62). At this location, the 11.56 square mile drainage area consists of 95% cultivated
crops, 3.6% developed, 0.7% pasture and hay, 0.5% forest, 0.1% wetland, and 0.1% shrub and herbaceous
land uses (NLCD 2016; WHAF 2019). Throughout the survey reach, Judicial Ditch #3 flows through an
unconfined alluvial valley full of perennial grasses, shrubs, and trees (Table 10).

Figure 62. Location of the Judicial Ditch #3 survey site with a photo.
Table 10. Stream information for the Judicial Ditch #3 geomorphology survey site.
Stream Information
Stream Name

Judicial Ditch #3

W/D Ratio

5.97

WID

07020008-588

Entrenchment Ratio

3.51 (Slight)

County

Cottonwood

Bank-Height Ratio

1.65 (Deep)

Water Slope

0.00354 ft/ft

Section, Township, Range 9, T107N, R38W
Drainage Area

11.56 mi2

Sinuosity

1.55

Stream Type

E5

Erosion Estimates

0.011 tons/ft/year

Valley Type

U-AL-FD

Pfankuch Stability Rating

97 (Poor)

Bankfull Discharge

78.31 cfs (U/U* method) Bankfull Cross-Sectional Area 21.8 ft2
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Judicial Ditch #3 had a relatively narrow and deep stream channel with a sand bed, moderate sinuosity, and
some floodplain connectivity, resulting in an E5 stream classification. E5 streams have a very high
sensitivity to disturbance, good recovery potential, moderate sediment supply, high streambank erosion
potential, and vegetation plays a critical role in maintaining stability (Rosgen 1994; Appendix 3). The
bank-height ratio was 1.65 at this site indicating that it is deeply incised, although there are areas within
the reach that have considerable floodplain connection. The Pfankuch stability rating was 97 which is
considered poor stability.
The BANCS model estimated banks within the study reach contribute 0.011 tons of sediment (i.e. 22
pounds) per linear foot of stream annually using the Colorado erosion model (Rosgen 2001). These
predictions assume the 729 foot reach of Judicial Ditch #3 contributes 8.02 tons of sediment annually.
Generally, streambanks had more than a foot of scour at the bottom and root mats were not deep enough to
protect the toe of the bank.
The geomorphic survey reach on Judicial Ditch #3 lies within a naturally meandering section of stream that
begins as artificial drainage ditches and historically channelized sections of stream. The longitudinal
profile showed steep (i.e. ~3-4%) riffles with relatively deep (i.e. >2 feet deep in low flows) pools, so the
channel has the diverse instream habitat necessary to provide complex biotic assemblages. With a deeply
incised bank-height ratio and relatively small available floodplain, it is possible this channel is continuing to
incise on its way to a G stream type. Once the channel loses floodplain connectivity, it will likely become a
much higher sediment contributor as it begins the channel widening phase of the succession process.
As the channel continues to change, vegetation management will be critical to slow the erosional processes.
While the floodplain was full of perennial trees and grasses, it was mainly reed canary grass, ragweed, and
boxelder (Figure 63). Riparian vegetation is critical for stream stability in southern Minnesota streams;
however, deep-rooted, native vegetation is preferred to protect streambanks from excessive erosion.
Invasive species tend to take over and have shallow, less dense roots that allow for undermining and
rotational streambank failures. Historical photography analysis shows a recent increase in trees and
shrubs from 1991 to 2017 (Figure 64). As woody vegetation continues to encroach the channel, it will
likely shade out the grasses and has the potential to cause short-term channel instability until the tree roots
are deep and dense enough to protect streambanks. It is also likely this reach was historically used for
cattle pasturing due to inaccessibility by tractors for cropping systems. All of these changes in vegetation
have likely had some impact on channel stability over time. While the existing vegetation communities are
not ideal, they still reduce the potential for mass wasting and channel erosion in the near future.
Downstream of the survey reach is an old crossing on the channel with a three foot circular corrugated
metal pipe culvert (Figure 65). The culvert itself is too small of capacity for the bankfull channel and is no
longer properly aligned with the channel. Due to these factors, the crossing is failing and also creating
sediment transport impacts on the upstream side. Although it appears the crossing is still used, it would
best serve the channel to remove the crossing. If a crossing is still desired, there are numerous options for
crossings that are conducive to stream stability, especially constructed riffles designed for low ford
crossing potential.

Cottonwood River Watershed Characterization Report

83

Figure 63. Photo of the valley’s vegetation at the Judicial Ditch #3 site. The valley is comprised of nonpreferred grasses and early successional trees and shrubs.
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Figure 64. Aerial photo comparison of riparian vegetation from 1991 to 2015. It appears woody vegetation is
encroaching into the floodplain and will start eliminating shade intolerant grass species over time.
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Figure 65. Photo of the culvert crossing downstream of the survey reach on Judicial Ditch #3. The culvert is
undersized and misaligned with the channel pattern, resulting in stream stability impacts and erosion of the
crossing.
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Unnamed Tributary near Revere
The geomorphology survey site on Unnamed Tributary was located approximately five miles south of
Revere (Figure 66). At this location, the 5.65 square mile drainage area consists of 90.8% cultivated crops,
3.3% pasture and hay, 3% developed, 1.3% shrub and herbaceous, 0.9% wetland, 0.6% forest, and 0.1%
barren land uses (NLCD 2016; WHAF 2019). Throughout the survey reach, Unnamed Tributary is a
confined ditch channel lined with perennial grasses and cultivated crops within a glacial outwash valley
(Table 11).

Figure 66. Location of the unnamed tributary to Dutch Charley Creek with a site photo.
Table 11. Stream information for the unnamed tributary to Dutch Charley Creek geomorphology site.
Stream Information
Stream Name

Unnamed Stream

W/D Ratio

3.02

WID

Unassessed

Entrenchment Ratio

5.18 (Slight)

County

Cottonwood

Bank-Height Ratio

1.29 (Moderate)

Water Slope

0.00293 ft/ft

Section, Township, Range 23, T108N, R38W
Drainage Area

5.65 mi2

Sinuosity

1

Stream Type

E5

Erosion Estimates

N/A

Valley Type

U-GL-GO

Pfankuch Stability Rating

99 (Poor)

Bankfull Discharge

40.58 cfs (U/U* method) Bankfull Cross-Sectional Area 13.7 ft2
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This unnamed stream survey site had a relatively narrow and deep stream channel with a sand bed,
artificially straightened (i.e. sinuosity of 1), and some floodplain connectivity, resulting in an E5 stream
classification. The bank-height ratio was 1.29 at this site indicating that it is moderately incised. The
Pfankuch stability rating was 99 indicating the channel is in poor condition.
This site was not assessed for near channel erosion using the BANCS model. Although BANCS assessments
were not completed, numerous eroding banks were noted within the reach (Figure 67). Incised channels
often have tall banks with continuous scour, especially channelized streams that naturally attempt to create
sinuosity by flowing back and forth.

Figure 67. Tall scoured banks were frequent throughout the survey reach, but BANCS assessments were not
completed to understand sediment loading.

Cottonwood River Watershed Characterization Report

88

The stream channel within this reach shows numerous signs of instability; mainly due to historic
channelization. Prior to channelization, this channel had a wide meander belt width and was likely more of
a grassed swale than a perennial channel in the 1950 aerial photo (Figure 68). Tall eroding banks, lack of
pool habitat, and numerous headcuts were observed during the survey; all signs of a channelized reach in a
steep landscape. Aside from creating resting habitat, pools are necessary for energy dissipation in river
stability. A stream like the survey reach relies solely on vegetation along the sides of the channel for energy
dissipation due to its lack of pools and fine substrate particles. All of these factors result in a stream
channel with too much energy that is attempting to create a meander pattern within the channelized reach.
Recently, there have been two unpermitted channelization projects downstream of the survey reach.
These direct channel modifications will continue to have impacts upstream and downstream for years to
come until the channel can adjust to its new conditions.

Figure 68. Aerial photo from 1950 (left) and present day LiDAR (right) comparison of when the stream was
naturally meandering versus channelized.
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Highwater Creek
The geomorphology survey site on Highwater Creek was located approximately four miles south of
Lamberton (Figure 69). At this location, the 105.15 square mile drainage area consists of 85.2% cultivated
crops, 3.9% developed, 3.1% wetland, 2.6% pasture and hay, 2.4% shrub and herbaceous, 1.6% open
water, 1.1% forest, and 0.1% barren land uses (NLCD 2016; WHAF 2019). Throughout the survey reach,
Highwater Creek flows through an unconfined alluvial valley that has perennial grasses that are grazed
(Table 12).

Figure 69. Location of the Highwater Creek survey site with a photo.

Table 12. Stream information for the Highwater Creek geomorphology survey site.
Stream Information
Stream Name

Highwater Creek

W/D Ratio

12.17

WID

07020008-519

Entrenchment Ratio

5.93 (Slight)

County

Cottonwood

Bank-Height Ratio

1.67 (Deep)

Water Slope

0.0007 ft/ft

Section, Township, Range 11, T108N, R37W
Drainage Area

105.15 mi2

Sinuosity

1.65

Stream Type

C4c-

Erosion Estimates

0.01 tons/ft/year

Valley Type

U-AL-FD

Pfankuch Stability Rating

111 (Poor)

Bankfull Discharge

298.25 cfs (U/U* method) Bankfull Cross-Sectional Area 93.5 ft2
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The Highwater Creek survey site had a wide and shallow stream channel with a gravel bed, moderate
sinuosity, and some floodplain connectivity, resulting in a C4c- (i.e. low gradient C4) stream classification.
C4 streams have a very high sensitivity to disturbance, good recovery potential, high sediment supply, very
high streambank erosion potential, and vegetation plays a critical role in maintaining stability (Rosgen
1994; Appendix 3). The bank-height ratio was 1.67 at this site indicating that it is deeply incised, although
there was a narrow floodplain developed at the existing channel elevation. The Pfankuch stability rating
was 111, indicating the channel is in poor condition.
The BANCS model estimated banks within the study reach contribute 0.01 tons of sediment (i.e. 20 pounds)
per linear foot of stream annually using the Colorado erosion model (Rosgen 2001). These predictions
assume the 2,227 foot reach of Highwater Creek contributes 22.27 tons of sediment annually.
The Highwater Creek survey reach had substantial riparian disturbance, including cattle grazing, nearby
crop fields, a field drive, and a large developed homestead nearby (Figure 70). Bank erosion rates did not
necessarily reflect these disturbances; however, most of the outside bends had been previously stabilized
with rip-rap. The downstream (i.e. north) part of the survey reach became more natural with undisturbed
grasses and trees. As a result, the riffle cross section downstream was 34 feet wide, while the riffle cross
section in the pasture was 56 feet wide (Figure 71).

Figure 70. Aerial photo of the Highwater Creek survey site with riffle locations delineated.

Cottonwood River Watershed Characterization Report

91

Figure 71. Comparison of the narrow, downstream riffle (top) and wide, upstream riffle (bottom) at the
Highwater Creek survey reach.
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Dutch Charley Creek Conclusions and Watershed Restoration and Protection Strategies
The Dutch Charley Creek watershed has significant human constraints on it that provide difficulty in
restoring watershed health, but also great opportunity for changes in landscape management. The
watershed land use is slightly under 90% cultivated ground and developed areas. These areas can benefit
from nutrient management practices, soil health practices, grassed waterways, and urban stormwater
practices that will reduce the intensity of runoff events and the amount of soil contributed to streams and
wetlands.
Along with significant land use changes, the watershed has approximately 101 miles of altered
watercourses (i.e. 34.2% of all watercourses). Given these watercourses are necessary for water table
management to grow cultivated crops, changing the management of these channels is critical for watershed
health objectives to be met. Ditch maintenance of naturally formed two-stage ditches should only be
utilized in areas where private tiles have been obstructed by the floodplain bench. Naturally formed twostage ditches are self-maintaining streams that contribute little sediment. Once the channel is cleaned out,
it erodes large amounts of sediment as it returns to its self-maintaining form. Depending on soil and other
local conditions, this process can take a few years to a few decades.
In situations like the site by Revere, the channelized reach could be re-meandered and given a new
floodplain. By doing so, the stream will produce more habitat heterogeneity and will allow for lower flood
peaks by storing flood flows on the adjacent floodplain. When the opposite is done (i.e. channelization with
levees), it increases downstream peak floods, reduces habitat for aquatic biota, and increases local
sediment supply while the channel attempts to reconfigure its dimension, pattern, and profile within the
existing conditions.
The River Ecology Unit’s culvert inventory found 40 significant or seasonal fish barriers in the watershed
(Figure 72). These crossings cause issues with fish passage, sediment transport, and flood flow
confinement. As these crossings come up for replacement, it is critical to match them in capacity with the
bankfull channel, submerge them in the sediment to prevent them from becoming perched, match the slope
of the nearby channel, and if possible, place extra culverts at bankfull elevation to allow for conveyance of
flood flows.
Approximately 45% of channels in the Dutch Charley Creek watershed are considered natural. Many of
these channels have connection with their adjacent floodplains, so riparian vegetation is forest in many
locations. Relatively stable channels were witnessed in these situations (Figure 73). In sites like the
Highwater Creek pasture site, grazing practices can have an effect on local sediment supply and stream
stability. While grazing can be a beneficial practice for riparian management, overgrazing and trampling of
streambanks can result in excessive sediment supplies and loss of instream habitat. Many southern
Minnesota stream types are reliant on riparian vegetation that has deep, dense root structures to maintain
stability.
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Figure 72. Location and ranking of the crossings assessed by the MNDNR River Ecology Unit staff. This shows
40 crossings that are either significant or seasonal barriers in the Dutch Charley Creek watershed. Crossing
ranking 1 = Complete Barrier, 2 = Significant, 3 = Partial or Seasonal, and 4 = Fully Passable.
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Figure 73. This reach of Dutch Charley Creek near Hurricane Lake has shown long-term stability that can likely
be attributed to its diverse and undisturbed riparian corridor. Photo taken 7/12/2016.
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Plum Creek
Upper Plum Creek
The upper geomorphology survey site on Plum Creek was located approximately three miles southwest of
Walnut Grove (Figure 74). At this location, the 57.88 square mile drainage area consists of 83.7%
cultivated crops, 4.8% pasture and hay, 3.3% developed, 2.9% shrub and herbaceous, 2.7% wetland, 1.4%
open water, 1.1% forest, and 0.1% barren land uses (NLCD 2016; WHAF 2019). Throughout the survey
reach, Plum Creek flows through an unconfined outwash valley set aside in a native prairie bank easement
(Table 13).

Figure 74. Location of the upper Plum Creek site with a photo.
Table 13. Stream information for the upper Plum Creek geomorphology survey site.
Stream Information
Stream Name

Plum Creek

W/D Ratio

9.41

WID

07020008-603

Entrenchment Ratio

15.75 (Slight)

County

Murray

Bank-Height Ratio

1.59 (Deep)

Water Slope

0.0028 ft/ft

Section, Township, Range 2, T108N, R39W
Drainage Area

57.88 mi2

Sinuosity

1.97

Stream Type

E5

Erosion Estimates

0.031 tons/ft/year

Valley Type

U-GL-GO

Pfankuch Stability Rating

108 (Poor)

Bankfull Discharge

345.03 cfs (U/U* method) Bankfull Cross-Sectional Area 83.1 ft2
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The Upper Plum Creek survey reach had a relatively narrow and deep stream channel with a sand bed,
natural sinuosity, and some floodplain connectivity, resulting in an E5 stream classification. The bankheight ratio was 1.59 at this site indicating that it is deeply incised; likely due to a historic channel cutoff.
The Pfankuch stability rating was 108 which is considered poor stability.
The BANCS model estimated banks within the study reach contribute 0.031 tons of sediment (i.e.
62pounds) per linear foot of stream annually using the Colorado erosion model (Rosgen 2001). These
predictions assume the 1,003 foot reach of Plum Creek contributes 31.09 tons of sediment annually. The
relatively high erosion rate at Upper Plum Creek is a result of a channel cutoff that happened; causing the
stream to flow back and forth, creating significant scour while the channel tries to create a new, stable
pattern. A study bank was surveyed in 2017 and 2018 to validate bank erosion estimates and due to
concern of the landowner on that particular bank. The study bank was predicted to erode 0.872 feet and
we measured significant deposition throughout the cross section and at the toe. The top of the study bank
had some scour, but overall the study bank measured 0.87 feet of deposition (Figure 75).

Figure 75. Cross section overlay of the study bank at Upper Plum Creek. The line with red circles is the 2017
cross section, while the green triangles represents 2018.
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The upper Plum Creek survey reach was chosen due to a landowner inquiry about bank erosion. The
survey reach is located within a parcel where the entire valley is full of perennial vegetation managed as a
native prairie bank easement. At some point between 1981 and 1991, a major stream cutoff occurred that
increased the local stream slope from approximately 0.12% to 0.29%. Changes in watershed hydrology
and local stream changes have shown serious impacts to stream stability within the reach. The streambank
the landowner expressed concern about was located right where the new channel and old channel
intersect. It is also located where the channel makes its first turn on the downstream end of the cutoff;
causing it to take on significant shear stress. It was suggested that the channel be routed back in its historic
reach (Figure 76). This option would increase floodplain connectivity within the reach, increase diverse
habitat for fish and aquatic invertebrates, reduce slope, reduce local sediment inputs to the stream channel,
and bypass the eroding bank the landowner was concerned about.

Figure 76. Conceptual plan for a stream re-meander at the upper Plum Creek survey reach.
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Lower Plum Creek
The lower geomorphology survey site on Plum Creek was located approximately one mile north of Walnut
Grove (Figure 77). At this location, the 71.36 square mile drainage area consists of 84.1% cultivated crops,
4.5% pasture and hay, 3.6% developed, 2.7% shrubs and herbaceous, 2.6% wetland, 1.2% open water,
1.2% forest, and 0.1% barren land uses (NLCD 2016; WHAF 2019). Throughout the survey reach, Plum
Creek flows through an unconfined outwash valley mainly lined with trees along the channel and cultivated
crops on the fringes (Table 14).

Figure 77. Location of the lower Plum Creek survey site with a photo.

Table 14. Stream information for the lower Plum Creek geomorphology survey site.
Stream Information
Stream Name

Plum Creek

W/D Ratio

9.63

WID

07020008-603

Entrenchment Ratio

37.54 (Slight)

County

Redwood

Bank-Height Ratio

1.07 (Stable)

Water Slope

0.00185 ft/ft

Section, Township, Range 18, T109N, R38W
Drainage Area

71.36 mi2

Sinuosity

2.1

Stream Type

E5

Erosion Estimates

0.052 tons/ft/year

Valley Type

U-GL-GO

Pfankuch Stability Rating

125 (Poor)

Bankfull Discharge

477.62 cfs (U/U* method) Bankfull Cross-Sectional Area 118.2 ft2
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The Lower Plum Creek survey site had a relatively narrow and deep stream channel with a sand bed,
natural sinuosity, and significant floodplain connectivity; resulting in an E5 stream classification. The
bank-height ratio was 1.07 at this site indicating that it is not incised. The Pfankuch stability rating was
125 which is considered poor stability.
The BANCS model estimated banks within the study reach contribute 0.052 tons of sediment (i.e. 104
pounds) per linear foot of stream annually using the Colorado erosion model (Rosgen 2001). These
predictions assume the 575 foot reach of Plum Creek contributes 29.9 tons of sediment annually. While
most banks were fairly well protected and short, a few banks encroached on nearby crop fields that had no
protection from erosion at the time of survey.
The Lower Plum Creek site had good connection with its floodplain and relatively good wooded vegetation
in most of the riparian corridor; however, there were a few locations where lateral migration had caused
the channel to encroach on nearby crop fields (Figure 78). The two main points where the stream abutted
the nearby fields were the main sediment contributing banks that led to the high erosion rate. The
locations where the stream intersected crop fields lacked woody vegetation dating back to 1991, which has
likely led to increased erosion rates (Figure 79). The banks have since been stabilized and had a buffer
strip installed.

Figure 78. One location where Plum Creek eroded into a nearby crop field.
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Figure 79. Aerial photos from 1991 to 2017 show the progression of Plum Creek eroding into nearby crop
fields.
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Plum Creek Conclusions and Watershed Restoration and Protection Strategies
Plum Creek has been awarded a small watershed 319 grant to allow funding for implementation practices
in the near future. While upland practices have been well covered using Prioritize, Target, and Measure
Application (PTMApp), Agricultural Conservation Planning Framework (ACPF), and Hydrological
Simulation Program FORTRAN – Scenario Application Manager (HSPF-SAM) tools (Srinivas et al. 2020),
near channel practices have not been well determined or targeted.
Riparian management is critical for stream stability. The dominant stream type documented in the Plum
Creek watershed was E channels. E channels are highly dependent on streambank vegetation in order to
maintain stability. Plum Creek has perennial vegetation along its banks from its source to its outlet;
however, there are some reaches where cattle have had impacts on vegetation and areas like the lower
geomorphology site where the channel had laterally migrated into nearby crop fields. It is recommended
that riparian vegetation be diverse in species with deep, dense root structure to withstand the forces of
water and reduce bank erosion as much as possible.
According to the MPCA Altered Watercourse layer, the Plum Creek watershed consists of 50.86% natural
streams, 28.93% no definable channels, 18.89% altered streams, and 1.32% impounded (i.e. Laura Lake).
Given increases in precipitation and flooding, it is important to utilize watercourses in a way that prevents
downstream flooding. Re-meandering channelized stream reaches and providing access to an adjacent
floodplain is an effective way to counteract increased precipitation events, especially in areas of higher
slope that do not allow for wetland storage. Areas that are considered “no definable channel” often still
have high sediment loads and runoff ratios during storm events. It is critical to protect these areas with
vegetation (i.e. grassed waterways), contour farming, or low impact tillage practices. Taking simple steps
can provide great benefit in these locations.
Since much of the riparian area in Plum Creek is wooded, channel widening can result in frequent and
sometimes detrimental log jams. It is a natural stream process for trees to fall into a river over time and
provide nutrients, food, and habitat for the fish and bugs that live in the stream. Trees become a problem
when they jam up the channel and force flows against the streambank, effectively changing the pattern of
the stream. Trees also provide roughness in the channel and can reduce the energy of water within the
channel, thus reducing streambank erosion. If all wood is removed from the channel, water will flow faster
with more energy and eventually cause more trees to fall into the river.
Road crossings can be detrimental to stream stability and fish passage, especially in steep reaches of
streams. If they are not sized appropriately, streams can fill the crossing up with sediment (i.e. if it is too
wide) or cut down the channel on the downstream end and create a perched culvert (i.e. if it is too narrow).
With new culvert projects, it is suggested that the culvert match the width of the bankfull channel, and any
additional hydraulic capacity be incorporated through culverts set at the floodplain elevation. This will
dissipate the amount of energy at the crossing and provide fish passage and stream stability nearby.
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Coal Mine Creek
Coal Mine Creek Lamberton WMA
The geomorphology survey site on Coal Mine Creek was located approximately two miles northeast of
Lamberton within Lamberton WMA (Figure 80). At this location, the 8.49 square mile drainage area
consists of 86.1% cultivated crops, 8.1% wetland, 2.9% developed, 2% pasture and hay, 0.5% open water,
0.2% forest, 0.1% shrubs and herbaceous, and 0.1% barren land uses (NLCD 2016; WHAF 2019).
Throughout the survey reach, Coal Mine Creek is a confined drainage ditch through a historic outwash
valley surrounded by perennial grasses (Table 15).

Figure 80. Location of the Coal Mine Creek survey site with a photo.
Table 15. Stream information for the Coal Mine Creek geomorphology survey site.
Stream Information
Stream Name

Coal Mine Creek

W/D Ratio

8.41

WID

07020008-604

Entrenchment Ratio

1.47 (Moderate)

County

Redwood

Bank-Height Ratio

3.01 (Deep)

Water Slope

0.0006 ft/ft

Section, Township, Range 12, T109N, R37W
Drainage Area

8.49 mi2

Sinuosity

1

Stream Type

G5c

Erosion Estimates

0.014 tons/ft/year

Valley Type

C-GL-GO

Pfankuch Stability Rating

110 (Poor)

Bankfull Discharge

111.4 cfs (U/U* method) Bankfull Cross-Sectional Area 32.94 ft2
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The Coal Mine Creek survey site had a relatively narrow and deep stream channel with a sand bed,
channelized pattern, and no floodplain connectivity; resulting in a G5c stream classification. In southern
Minnesota, it is common for drainage ditches to type out as a G stream. Drainage ditches are usually much
lower gradient channels than the gully type G streams seen elsewhere, hence the ‘c’ indicating a low
gradient G stream. Rosgen (1994)’s management recommendations for G stream types often do not apply
to low gradient drainage ditches. The bank-height ratio was 3.01, indicating that it is deeply incised from
past channelization practices. The Pfankuch stability rating was 110 which is considered poor stability.
The BANCS model estimated banks within the study reach contribute 0.014 tons of sediment (i.e. 28
pounds) per linear foot of stream annually using the Colorado erosion model (Rosgen 2001). These
predictions assume the 551 foot reach of Coal Mine Creek contributes 7.71 tons of sediment annually.
Overall, streambanks were well protected with perennial grasses and not prone to erosion.
The Coal Mine Creek survey site, like many channelized streams, used to be a high sinuosity channel. As
recent as the 1955 aerial photo, Coal Mine Creek had a natural, regular meander pattern (Figure 81). It’s
unclear if this channel was perennial historically, but in recent years the stream has been flowing
continuously. Coal Mine Creek exhibited numerous characteristics of all channelized streams: lack of
habitat heterogeneity, relatively low sediment supply, and no floodplain connectivity.

Figure 81. In 1955, Coal Mine Creek was a very sinuous channel; however, channelization since then has
degraded instream habitat and removed potential floodplain storage.
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Coal Mine Creek Conclusions and Watershed Restoration and Protection Strategies
Tributaries to the north side of the Cottonwood River, like Coal Mine Creek have much less gradient change
in their watersheds. As a result, channelization, wetland removal, and drainage ditches are much more
prevalent. In the Coal Mine Creek watershed, only 4.07% of stream length is considered natural, while
nearly 60% is considered altered or channelized. The survey reach at Lamberton WMA represented much
of the Coal Mine Creek watershed until the very lowest reaches that pick up gradient on their descent to the
Cottonwood River. The impacts of channelization and ditching are well documented: loss of habitat,
increased water conveyance resulting in higher peak floods, and increased stream slopes.
While the upper reaches of Coal Mine Creek are entrenched, there are areas that have expansive floodplain
connectivity (Figure 82). While these reaches have good floodplain connection, they lack natural channel
pattern. Floodplains are necessary to store excess floodwater and reduce shear stress in the channel, but
without a channel pattern streams lack the habitat diversity necessary to provide for fish and aquatic
macroinvertebrates. Restoring channelized reaches with meandering channels will help increase stream
length, decrease slope, increase habitat diversity, and as a result will provide more diverse aquatic
biological assemblages. Also, where floodplain connectivity exists, floodplain culverts can be beneficial to
convey high flows and reduce stage increases caused by the road crossing. Flood flow confinement
increases velocities at the crossing and provides excessive shear stress on the channel; often resulting in
increased streambank erosion.
Drainage ditches are necessary for water table management for crop production, but can still provide
diverse habitat by narrowing up and developing a floodplain at the existing stream level (i.e. two-stage
ditch). It is critical to allow drainage ditches to establish this form if possible, and once they do, to not
perform a ditch cleanout and reset the channel process. Ditch cleanouts often result in increased sediment
supplies, reduced in-channel habitat, and are considered a short-term fix with another cleanout necessary
in the future.
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Figure 82. Coal Mine Creek near its intersection with Highway 14 has expansive floodplain connectivity, but
lacks natural stream pattern and flows through two road crossings in a short distance.
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Sleepy Eye Creek
Upper Sleepy Eye Creek
The upper geomorphology survey site on Sleepy Eye Creek was located approximately three miles
southwest of Clements (Figure 84). At this location, the 162.41 square mile drainage area consists of
93.6% cultivated crops, 4% developed, 1.4% wetland, 0.5% forest, 0.2% open water, 0.2% pasture and hay,
and 0.1% barren land uses (NLCD 2016; WHAF 2019). Throughout the survey reach, Sleepy Eye Creek is a
confined drainage ditch that flows through historic outwash valley with cultivated crops on both sides
(Table 16).

Figure 83. Location of the upper Sleepy Eye Creek survey site with a photo.
Table 16. Stream information for the upper Sleepy Eye Creek geomorphology survey site.
Stream Information
Stream Name

Sleepy Eye Creek

W/D Ratio

8.89

WID

07020008-598

Entrenchment Ratio

1.54 (Moderate)

County

Redwood

Bank-Height Ratio

3.13 (Deep)

Water Slope

0.00033 ft/ft

Section, Township, Range 7, T110N, R35W
Drainage Area

162.41 mi2

Sinuosity

1

Stream Type

G4c

Erosion Estimates

N/A

Valley Type

C-GL-GO

Pfankuch Stability Rating

114 (Poor)

Bankfull Discharge

323.26 cfs (U/U* method) Bankfull Cross-Sectional Area 145.1 ft2
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The Upper Sleepy Eye Creek survey site had a relatively narrow and deep stream channel with a gravel bed,
channelized pattern, and limited floodplain connectivity, resulting in a G4c stream classification. The bankheight ratio was 3.13 at this site indicating that it is deeply incised from past channelization activities. The
Pfankuch stability rating was 114 which is considered poor stability.
Bank erosion estimates were not collected at the Upper Sleepy Eye Creek survey site. The reach was a long,
large drainage ditch that likely contributes insignificant quantities of sediment from its streambanks.
Areas where side inlets come in are more likely to contribute upland and bank sediment in these cases than
the stream itself.
The Upper Sleepy Eye Creek site was selected to represent much of the watershed’s channelized, drainage
ditch conditions. As can be expected with channelized reaches, this site had very little instream habitat
with a homogenous stream bed that lacked pools and riffles. One anomaly to most southern Minnesota
drainage ditches was the size of bed particles; the D50 was 7.01 millimeters, only 5% of all particles were
silt or clay, and the D100 was 362 millimeters. It’s very uncommon to have gravel bed drainage ditches with
other large particles, so this site may have had some microhabitat for fish and aquatic macroinvertebrates.
This site, like many other channelized reaches, was a natural perennial stream with natural pattern as
recent as 1955 (Figure 84). Restoring the natural pattern, with the size of local stream particles, could
make this site a much better candidate for aquatic biota.

Figure 84. Aerial photos of the Upper Sleepy Eye Creek geomorphology survey site from 1955 (left) to 2017
(right).
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Lower Sleepy Eye Creek
The lower geomorphology survey site on Sleepy Eye Creek was located approximately three miles
southeast of Cobden (Figure 85). At this location, the 270.69 square mile drainage area consists of 94%
cultivated crops, 3.9% developed, 1.2% wetland, 0.5% forest, 0.2% pasture and hay, 0.1% open water and
0.1% barren land uses (NLCD 2016; WHAF 2019). Throughout the survey reach, Sleepy Eye Creek flows
through an unconfined outwash valley where the channel is lined with trees and cultivated crops outside
the riparian zone (Table 17).

Figure 85. Location of the lower Sleepy Eye Creek survey site with a photo.

Table 17. Stream information for the lower Sleepy Eye Creek geomorphology survey site.
Stream Information
Stream Name

Sleepy Eye Creek

W/D Ratio

23.32

WID

07020008-599

Entrenchment Ratio

1.48 (Moderate)

County

Brown

Bank-Height Ratio

1.44 (Moderate)

Water Slope

0.002 ft/ft

Section, Township, Range 15, T109N, R33W
Drainage Area

270.69 mi2

Sinuosity

1.47

Stream Type

B4c

Erosion Estimates

0.0008 tons/ft/year

Valley Type

U-GL-GO

Pfankuch Stability Rating

96 (Poor)

Bankfull Discharge

627.24 cfs (U/U* method) Bankfull Cross-Sectional Area 237.3 ft2
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The Lower Sleepy Eye Creek survey site had a relatively wide and shallow stream channel with a gravel
bed, natural stream pattern, and some floodplain connectivity, resulting in a B4c (i.e. low gradient B)
stream classification. B4 streams have a moderate sensitivity to disturbance, excellent recovery potential,
moderate sediment supply, low streambank erosion potential, and vegetation plays a moderate role in
maintaining stability (Rosgen 1994; Appendix 3). The bank-height ratio was 1.44 at this site indicating that
it is moderately incised. The Pfankuch stability rating was 96 which is considered poor stability.
The BANCS model estimated banks within the study reach contribute 0.0008 tons of sediment (1.6 pounds)
per linear foot of stream annually using the Colorado erosion model (Rosgen 2001). These predictions
assume the 1,196 foot reach of Sleepy Eye Creek contributes 0.96 tons of sediment annually. The low
erosion rates are likely a factor of a relatively straight survey reach lined with clay banks; downstream
reaches have shown significant changes in recent history.
Lower Sleepy Eye Creek has relatively good habitat quality for southern Minnesota. While the Pfankuch
stability rating classifies the stream in poor condition for a B4 stream type, it is possible the potential
stream type could be a C4 which would be given a fair stability rating with the same Pfankuch score. Riffles
with large substrate and deep pools (Figure 86) within this reach have shown to support numerous fish
species in previous MPCA surveys. According to the MPCA Electronic Data Access (EDA), surveyors found
rock bass Ambloplites rupestris, smallmouth bass Micropterus dolomieu, stonecat Noturus flavus, hornyhead
chub Nocomis biguttatus, and numerous darter and sucker species in 2012.

Figure 86. The Lower Sleepy Eye Creek site has a wide range of habitat from riffles, deep pools, woody debris,
and large rocks that have proven to provide habitat to numerous fish species.
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Sleepy Eye Creek Conclusions and Watershed Restoration and Protection Strategies
The Sleepy Eye Creek watershed is the most significantly altered large (i.e. >200 square mile drainage area)
watershed surveyed by DNR staff in southern Minnesota. Only 2.27% of stream channels in the watershed
are considered natural, while 75.42% of channels are considered altered. As shown at the ditch site, much
of this disturbance happened since the 1950s. Given the flat landscape, numerous opportunities exist to
restore historic wetland basins to begin to address hydrologic alterations made in the past (Figure 87).
While the watershed is considerably altered, the lower, natural reaches of Sleepy Eye Creek showed
relatively good stability and as a result, diverse aquatic communities. In comparison, a similarly disturbed
watershed in southern Minnesota is High Island Creek. However, High Island Creek exhibits much more
instability as a result of land use changes and precipitation increases (MNDNR 2017). One main difference
between the two watersheds is the lower reaches of High Island Creek have a larger drop to the confluence
with the Minnesota River than Sleepy Eye Creek has to get to the Cottonwood River. Also, lower Sleepy Eye
Creek has larger stream bed materials that help reduce channel incision and cohesive bank materials that
prevent channel widening.

Figure 87. Sleepy Eye Creek watershed has been drastically altered through channelization, drainage ditches,
and wetland drainage. Vast opportunities exist within the watershed to counteract these human alterations.

Cottonwood River Watershed Characterization Report

111

Cottonwood River and Small Tributaries
Judicial Ditch #12
The geomorphology survey site on Judicial Ditch #12 was located approximately seven miles southwest of
Lucan and runs parallel to the nearby Cottonwood River (Figure 88). At this location, the 10.28 square mile
drainage area consists of 86.2% cultivated crops, 7.6% wetland, 3.5% developed, 1.2% pasture and hay, 1%
open water, 0.3% forest, 0.1% shrubs and herbaceous, and 0.1% barren land uses (NLCD 2016; WHAF
2019). Throughout the survey reach, Judicial Ditch #12 flows through a confined drainage ditch dug
through outwash and has perennial grasses with cultivated crops nearby (Table 18).

Figure 88. Location of the Judicial Ditch #12 survey site with a photo.
Table 18. Stream information for the Judicial Ditch #12 geomorphology survey site.
Stream Information
Stream Name

Judicial Ditch #12

W/D Ratio

35.94

WID

Unassessed

Entrenchment Ratio

3.23 (Slight)

County

Redwood

Bank-Height Ratio

1 (Stable)

Water Slope

0.00007 ft/ft

Section, Township, Range 13, T110N, R39W
Drainage Area

10.28 mi2

Sinuosity

1.04

Stream Type

C6

Erosion Estimates

N/A

Valley Type

C-GL-GO

Pfankuch Stability Rating

N/A

Bankfull Discharge

4.34 cfs (U/U* method) Bankfull Cross-Sectional Area 14.4 ft2
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Judicial Ditch #12 had a very high width to depth ratio with a silt bed, artificially straight pattern, and some
floodplain connectivity, resulting in a C6 stream classification. C6 streams have a very high sensitivity to
disturbance, good recovery potential, high sediment supply, high streambank erosion potential, and
vegetation plays a critical role in maintaining stability (Rosgen 1994; Appendix 3). The bank-height ratio
was 1 at this site indicating that even though floods do not breach the ditch banks, the channel has created
a sufficient floodplain within the larger ditch. A Pfankuch rating was not collected at the site; however, the
channel was in poor condition due to a recent cleanout.
BANCS assessments were not completed at the Judicial Ditch #12 survey site. This reach was essentially
non-contributing for near channel sediment based on its low bank-height ratio and low slope.
Judicial Ditch #12 was originally surveyed in September 2012. At the time, it had parts of the reach that
were great examples of a two-stage ditch. The ditch banks are much wider and flatter than what the
flowing channel needed to be so the channel accumulated sediment for an active floodplain, and had a
meandering channel within (Figure 89). This act of sediment accumulation resulted in a petition for
maintenance (i.e. cleanout). While the bottom of the flowing channel was not excavated, the floodplain at
the established cross section was lowered as much as 2.5 feet. The past cleanout should be considered
counterproductive to natural fluvial processes. Natural stream channels create their area and dimensions
based on their hydrology. When an artificial channel is made too large, too wide, and too shallow, the
channel can pass more water, but not the associated sediment. As a result, the channel aggrades a
floodplain, cuts a smaller channel, and begins to meander to create habitat. Cleanouts reset this process,
and provide only temporary increased drainage capacity. Also, while the bed remained untouched during
the cleanout, the 2017 survey showed areas that had accumulated more than one foot of sediment due to
decreased sediment transport capacity.

Figure 89. Ground photos from 2012 (left) to 2017 (right) from similar vantage points showing a change in the
channel after the cleanout.
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Cottonwood River Deer Lane WMA
The geomorphology survey site on the Cottonwood River was located approximately five miles northeast of
Balaton within Deer Lane WMA (Figure 90). At this location, the 44.16 square mile drainage area consists
of 78.3% cultivated crops, 7.4% pasture and hay, 4.4% wetland, 3.7% developed, 2.7% shrubs and
herbaceous, 1.7% forest, 1.6% open water, and 0.2% barren land uses (NLCD 2016; WHAF 2019).
Throughout the survey reach, the Cottonwood River flows through an unconfined outwash valley that
converts from perennial grazed pasture to non-grazed perennial grasses (Table 19).

Figure 90. Location of the Deer Lane WMA survey site with a photo.

Table 19. Stream information for the Cottonwood River Deer Lane WMA geomorphology survey site.
Stream Information
Stream Name

Cottonwood River

W/D Ratio

7.77

WID

07020008-502

Entrenchment Ratio

38.09 (Slight)

County

Lyon

Bank-Height Ratio

1.47 (Moderate)

Water Slope

0.00025 ft/ft

Section, Township, Range 32, T110N, R41W
Drainage Area

44.16 mi2

Sinuosity

1.62

Stream Type

E5

Erosion Estimates

0.012 tons/ft/year

Valley Type

U-GL-GO

Pfankuch Stability Rating

80 (Fair)

Bankfull Discharge

108.18 cfs (U/U* method) Bankfull Cross-Sectional Area 44.71 ft2
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The Cottonwood River Deer Lane WMA survey site had a relatively narrow and deep stream channel with a
sand bed, natural sinuosity, and extensive floodplain connectivity; resulting in an E5 stream classification.
The bank-height ratio was 1.47 at this site indicating that it is moderately incised. The Pfankuch stability
rating was 80 which is considered fair stability.
The BANCS model estimated banks within the study reach contribute 0.012 tons of sediment (i.e. 24
pounds) per linear foot of stream annually using the Colorado erosion model (Rosgen 2001). These
predictions assume the 1,811 foot reach of the Cottonwood River contributes 21.73 tons of sediment
annually. The upstream reach of this survey was within a cattle pasture with little vegetative protection
while within the WMA, root structure helped hold the bank together.
This site provided an example of vegetation management impacts on stream stability, with a cattle pasture
within the upstream reach and WMA on the downstream reach. Hydrologic impacts in-between the sites
are negligible, so vegetation management was the main factor that changed (Figure 91). Overall, changes in
channel dimension and pattern were minimal between the two reaches. The main changes between the
two reaches were changes in slope (0.007% upstream, 0.025% downstream) and predicted bank erosion
(0.0192 tons/foot/year upstream, 0.0067 tons/foot/year downstream). The relationship of predicted bank
erosion has been exhibited in other watersheds when comparing pasture ground versus a WMA, and
usually correlates to the amount of vegetative protection throughout the height of the bank. In undisturbed
vegetated channels, grasses protect streambanks even when banks slump down; whereas in pasture
situations the grasses are generally short and easily passed with stream currents. Cattle crossings and
areas of high traffic also lead to larger sediment contributions to the channel (Figure 92).

Figure 91. Aerial photo showing the pasture (left) reach and WMA (right) survey reach.
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Figure 92. Although the bank angle is low and channel shear stress is very low, this high traffic cattle area is
predicted to contribute over 50 tons of sediment annually.
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Cottonwood River Garvin Park
The geomorphology survey site on the Cottonwood River was located approximately 3.5 miles north of
Garvin, within Garvin Park (Figure 93). This site is within the same catchment on WHAF as the Deer Lane
WMA site, so land use data are the same (NLCD 2016; WHAF 2019). Throughout the survey reach, the
Cottonwood River flows through a relatively confined reach of an unconfined outwash valley and is lined
with trees and mowed grasses (Table 20).

Figure 93. Location of the Garvin Park survey site with a photo.

Table 20. Stream information for the Cottonwood River Garvin Park geomorphology survey site.
Stream Information
Stream Name

Cottonwood River

W/D Ratio

11.98

WID

07020008-502

Entrenchment Ratio

3.76 (Slight)

County

Lyon

Bank-Height Ratio

1.54 (Deep)

Water Slope

0.00428 ft/ft

Section, Township, Range 11, T109N, R41W
Drainage Area

67.14 mi2

Sinuosity

1.27

Stream Type

C4

Erosion Estimates

N/A

Valley Type

U-GL-GO

Pfankuch Stability Rating

101 (Fair)

Bankfull Discharge

229.19 cfs (U/U* method) Bankfull Cross-Sectional Area 78 ft2

Cottonwood River Watershed Characterization Report

117

The Cottonwood River at Garvin Park had a relatively wide and shallow stream channel with a gravel bed,
limited sinuosity, and some floodplain connectivity, resulting in a C4 stream classification. The bank-height
ratio was 1.54 at this site indicating that it is deeply incised and was within a foot of being entrenched
enough to be classified as a B channel. The Pfankuch stability rating was 101 which is considered fair
stability.
Bank erosion estimates were not collected at this site. Overall, streambanks were well protected with tree
roots and grasses. Some areas showed scour, but it’s likely this reach was an overall low sediment
contributor due to a low bankfull bench and vegetative and woody protection along the fringes of the
channel.
The Garvin Park site was chosen in collaboration with MPCA, as this site is one that will be monitored for
biology more frequently than the typical 10 year cycle. This site is a relatively low sinuosity reach of
stream within the transition area between the stagnation moraine and ground moraine portions of the
watershed, which explains the relatively high (i.e. 0.4%) slope and large stream bed particles (i.e. riffle D100
= 512mm). This reach had well distinguishable riffle and pool features, with average max pool depths of
4.48’ and riffle depths of 2.39’. Large stream bed particles and woody debris provide diverse microhabitats
that complement the bed features noted in the longitudinal profile.
Two riffle cross sections were monumented to understand channel dimension changes over a long-term
period. Both cross sections were revisited in 2018, but not 2019 due to high flows into winter. The
upstream riffle had minimal changes within the channel, but saw some deposition on the left bank (Figure
94). The downstream riffle showed scour on both banks below bankfull elevation, but minimal changes
above bankfull elevation (Figure 95).

Figure 94. Upstream riffle cross section at Garvin Park from 2017-2018.
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Figure 95. Downstream riffle cross section at Garvin Park from 2017-2018.
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Cottonwood River near Lamberton
The geomorphology survey site on the Cottonwood River was located approximately one mile north of
Lamberton (Figure 96). At this location, the 442.2 square mile drainage area consists of 83.7% cultivated
crops, 4.6% pasture and hay, 4.2% wetland, 4.1% developed, 1.7% shrubs and herbaceous, 0.8% forest,
0.8% water, and 0.1% barren land uses (NLCD 2016; WHAF 2019). Throughout the survey reach, the
Cottonwood River flows through an unconfined outwash valley that has trees and mowed grasses in the
riparian zone (Table 21).

Figure 96. Location of the Lamberton survey site with a photo.

Table 21. Stream information for the Cottonwood River near Lamberton geomorphology survey site.
Stream Information
Stream Name

Cottonwood River

W/D Ratio

20.81

WID

07020008-504

Entrenchment Ratio

4.06 (Slight)

County

Redwood

Bank-Height Ratio

1.55 (Deep)

Water Slope

0.00031 ft/ft

Section, Township, Range 14, T109N, R37W
Drainage Area

442.2 mi2

Sinuosity

1.41

Stream Type

C5c-

Erosion Estimates

0.03 tons/ft/year

Valley Type

U-GL-GO

Pfankuch Stability Rating

126 (Poor)

Bankfull Discharge

1,008 cfs (U/U* method) Bankfull Cross-Sectional Area 353 ft2
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The Cottonwood River near Lamberton survey site had a relatively wide and shallow stream channel with a
sand bed, natural sinuosity, and some floodplain connectivity, resulting in a C5c- stream classification. The
bank-height ratio was 1.55 at this site indicating that it is deeply incised. The Pfankuch stability rating was
126 which is considered poor stability.
The BANCS model estimated banks within the study reach contribute 0.03 tons of sediment (i.e. 60 pounds)
per linear foot of stream annually using the Colorado erosion model (Rosgen 2001). These predictions
assume the 1,776 foot reach of unnamed stream contributes 53.28 tons of sediment annually. This reach
has shown significant changes over time, indicated by numerous trees that have fallen into the channel and
mid-channel and side channel sand bar development.
This survey reach was chosen as part of a larger project to remove three dams on the Cottonwood River
between Sanborn and Lamberton (Figure 97). These three dams were the last physical structures on the
mainstem Cottonwood River that block seasonal migrations of fish species, and they were effectively
removed in early winter 2020. Kuhar Dam, located within this survey reach, was a low-head dam that
prevented upstream migration of fish species at most flows. In large flood events, the dam would inundate,
allowing for passage of some larger species. In January and February 2020, the dam was removed and
replaced with a series of seven riffles that are spread out from the original dam location to approximately
½ mile upstream of the historic dam (Figure 98). This project will provide grade stabilization in the event
of the dam removal as well as numerous fishing opportunities throughout the park as opposed to just
below the dam (Figure 99).

Figure 97. Location of the three Cottonwood River dams that were removed in early 2020 between
Lamberton and Sanborn.
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Figure 98. Design plans for the seven riffle structures implemented in Kuhar Park.

Cottonwood River Watershed Characterization Report

122

Figure 99. The upstream-most riffle at Kuhar Park during construction. Note: adjustments have been made
since this photo.
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BANCS Reconnaissance Reach County Road 11 to County Road 13
In September 2018, DNR staff kayaked 10.2 miles of the Cottonwood River from Brown County Road 11 to
Brown County Road 13 (Figure 100). The purpose of this reconnaissance trip was to understand sediment
loading from streambanks in a non-wadeable stretch of stream using the BANCS model. Bank Erosion
Hazard Index scores were documented in the field, and NBS values were calculated using the radius of
curvature to bankfull width ratio on ArcMap. Where mid-channel bars redirected flow towards banks, NBS
was considered Very High or Extreme.

Figure 100. Location of the Cottonwood River BANCS assessment reach with a photo.
The BANCS survey reach was a natural reach of stream with a relatively wide and shallow channel and has
connection to its floodplain, resulting in a C stream type. In some areas, the channel appeared entrenched
which would classify it as an F stream. The riparian zone throughout the reach was mainly forested, with
some nearby crop lands. Streambank materials consisted of mainly silts and sands on shorter, alluvial
terraces, while tall bluffs made of clay and till materials were witnessed in areas where the river
intersected with its valley wall.
Throughout the reconnaissance reach of Cottonwood River, 43 streambanks were assessed for bank
erosion (Figure 101). Overall bank erosion rates are a reflection of the combination between the BEHI
score and NBS rating, shown in Appendix 5. According to the Colorado erosion model, this reach
contributes 0.2766 tons of sediment per foot per year, or approximately 14,900 tons in total. This is solely
an estimate based on outside banks and areas with mid-channel bars. Sediment loading from channel
widening, and sediment storage through point bar and mid-channel bar development are much more
difficult to assess.
Even though this reach is well known for its large bluffs, the biggest sediment contributing bank in the
reach is only 20 feet tall (Figure 102). This bank is predicted to contribute 8,340 tons (i.e. 56% of the entire
reach sediment load). Aerial photo analysis shows the bank moved 170 feet from 1991 to 2015 and
appears to be the only bank within the aerial photo to show such change (Figure 102). It appears this
excessive erosion is a result of channel widening and the river attempting to create a meander bend within
a historically straight reach.
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Figure 101. Annual bank erosion (in tons; Colorado model) for 43 streambanks within the BANCS
Reconnaissance reach.

Figure 102. This bank was predicted to be the highest sediment contributor in the BANCS reconnaissance
reach. From 1991-2015, it has migrated 170 feet laterally.
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Cottonwood River Mainstem and Small Tributary Conclusions and Restoration and Protection Strategies
The Cottonwood River mainstem flows through a diverse set of landscapes. From the Coteau des Prairies
to New Ulm, there are areas of varied slope, streambed and bank particles, vegetation types, and human
disturbances. Each reach has its own challenges and opportunities. In the headwater reaches, the
Cottonwood River is a relatively low gradient stream that requires natural sinuosity to transport its
sediments and create streambed habitats, and floodplain connectivity to reduce stress within the channel
which prevents channel succession and increased sediment loads. As the Cottonwood River flows off the
Coteau, there are reaches of relatively high slope, large streambed particles, and limited floodplain
connectivity. If not properly protected with vegetation and grade control, these higher gradient channels
can become unstable and rapidly increase sediment supply. Middle reaches of the Cottonwood River are
again low gradient with a wooded corridor, moderate sized streambanks consisting of silt and sand
particles, and some floodplain connectivity. The lowest reaches of the Cottonwood River are actively
widening with mid-channel bars consisting of gravel particles and large clay bluffs that contribute
significant sediment loads often captured as suspended sediments.
Historical air photos were compiled for the mainstem Cottonwood River from approximately Springfield to
the Minnesota River. Stream centerlines were digitized in 1939, 1955, 1961, 1991, and 2017 and
compared to each other. Overall, channel pattern has not significantly changed although lateral erosion has
eclipsed 200 feet in some locations. The Cottonwood River was 62.29 miles in 1939, dropped to 60.18
miles in 1955, and has increased since to 61.09 miles in 2017 (Figure 103). While channel length has not
significantly changed, the channel has widened by 15-20 feet (i.e. ~20%) since 1939. In 1939, areas of bar
development and channel widening were already prevalent in the lower Cottonwood River.
Before implementing a practice on the mainstem Cottonwood River, channel indices must be taken into
account. For instance, streams need a natural pattern and floodplain to dissipate energy and create habitat.
If a channel has been straightened, it is expected that the channel will erode rapidly to create a natural
pattern again. Patching these banks with stabilization practices is counterproductive to natural stream
morphology and will likely accelerate erosion at a new location. If a channel does not have floodplain
connectivity, the risk of streambank stabilization practices increases greatly. Too much stress within the
channel will likely cause the practice to not achieve its goals and objectives.
Since a river’s stability is a direct reflection of its watershed, efforts to reduce sediment supply and restore
the Cottonwood River mainstem should be implemented in its upstream watershed. Increasing water
storage through small stream and floodplain restoration, wetland restoration, increased soil organic
matter, and stormwater retention in cities will all be needed to address the hydrologic changes that have
happened through land conversion and climate changes. Utilizing these practices at a smaller scale will
help see the benefits they provide with a faster response. Large clay bluffs in the lower reaches contribute
significant sediment to the river; however, they are difficult and very expensive to stabilize and this effort
should only be implemented when infrastructure (i.e., houses, bridges, and roads) are endangered by the
stream’s migration and no other options exist.
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Figure 103. Cottonwood River centerline comparisons from 1939 to 2017 show insignificant changes in
stream length from Springfield to its confluence with the Minnesota River.
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Restoration and Protection Strategies
Connections between wildlife species, native plant communities, groundwater, lakes and wetlands, and
riverine features are vast and often complex. In order to restore and protect these watersheds, a tiered
approach is recommended: preserving native communities, restoration and enhancement to create larger
habitat networks, and incorporating best management practices 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 conservation benefits. Remaining clusters of rare or sensitive natural features are
indicative of good habitat quality, whereas scarcity elsewhere in the watershed signals the need for
restoration or adaptive management. Furthermore, maintaining and restoring native biological diversity,
abundance, and resiliency is a component of integrated watershed health.

Restoration
Streams and surrounding lands in the Cottonwood River watershed have undergone significant changes
since European settlement. Human impacts to the watershed have changed the natural flow regime of area
streams and rivers. This change in water conveyance has made rivers and streams become unstable;
resulting in water quality and biological impairments.
Land use changes have also disconnected upland habitats; thus isolating populations of threatened and
endangered plant and animals as well as native plant communities. Reconnecting these features will help
threatened and endangered species survive and replenish. Some species, however, may require more
targeted conservation and restoration. More technical guidance is available for these species.
When planning restoration practices, it is important to consider all five components of a healthy watershed.
All five components are interrelated so changing one of the components for the better, may not be best for
another component. For example, many reservoirs have been constructed for flood control. While the
reservoir may serve its purpose to reduce flooding, the dam serves as a connectivity barrier for migratory
fish communities. Reservoirs also convert flowing streams into impounded systems which can change
biological communities from stream-dwelling to lake-dwelling assemblages, and reduce sediment transport
downstream; causing the reservoir to fill up and lose water holding capacity.

Upland Restoration Strategies
Since the leading cause of many of the stream instability issues in the Cottonwood River watershed result
from a change in land use, hydrologic pathways, and climate; restoration of watershed health must begin
with upland components. Future climate and rainfall trends are unknown and uncontrollable, so it is
essential that land use practices adapt to changing climate. Practices that store water prepare the
landscape for both wet and dry conditions, and can reduce flood events that are the accelerating river
instability in this watershed. The following list includes, but is not limited to, projects that help store water
on the landscape and reduce downstream flood impacts:
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-

-

-

-

-

Increase water storage; temporary and long-term.
o Restore historical depressional wetlands, wet marshes, and lake basins that can provide
short- and long-term water retention and metering of flows.
o Target areas that provide multiple benefits (e.g. water storage and wildlife habitat).
o Restore floodplain connectivity in drainage ditches (e.g. two-stage ditches) and natural
channels that have levees.
o Restore sinuosity in channelized natural streams
o Install drainage management practices (e.g. multi-purpose drainage water management).
o Install rain gardens, storm water ponds, and other storm water retention practices to
reduce impacts of impervious surfaces in cities and towns.
Increase perennial vegetation.
o Establish perennial buffer strips along all waterways that are compliant with the Minnesota
Buffer Law. Many streams would benefit from wider buffers and should be targeted at the
local level.
o Install grassed waterways in areas of cropland where we see evidence of concentrated flow
to ensure we are keeping valuable topsoil in the field and not in the lakes and streams of the
watershed.
Increase soil organic matter.
o Utilize tillage practices that minimize carbon dioxide loss in soils (e.g. no-till and strip-till).
o Promote the use of cover crops to reduce wind and water erosion, hold nutrients in place,
and increase soil organic matter.
o Each 1% increase in soil organic matter can result in an extra 25,000 gallons of water
storage per acre (NRCS 2012).
Treat and prevent nutrient (i.e. nitrogen and phosphorus) runoff into streams.
o Install appropriately sized bioreactors for tile systems to treat nutrients.
o Increase crop residue to prevent wind and water erosion of sediments from fields.
o Plant cover crops to hold nutrients during winter and early spring.
o Install grassed waterways where necessary.
o Install septic systems where non-compliant.
o Utilize BMPs to reduce sediment inputs from open tile intakes.
o Increase floodplain connectivity in streams as they are natural nutrient sinks.
Connect rare natural corridors to preserve and enhance threatened and endangered species.

The list provided above gives multiple practices to restore natural flow regime in rivers and treat and
prevent excessive nutrient level inputs within the Cottonwood River watershed. While these practices
could be used individually, utilizing multiple practices in a given area (i.e. treatment train) will provide the
best chance to restore watershed health.

Cottonwood River Watershed Characterization Report

129

In- and Near-Channel Restoration Strategies
Restoration of river and stream channels can be a challenging task in the Cottonwood River watershed as
many streams have shown some degree of incision. Proper restoration of a channel must reduce the
degree of incision, reconnect the stream to the floodplain, develop a meander pattern, and restore channel
slope to a degree that is reflective of a stable channel with the same stream type and valley type in a similar
geographical area. Successful stream restorations require broad objectives to address all watershed health
components. Only addressing hydrology or sediment can result in a project that does not restore ecological
function.
One of the most important practices to implement are buffer strips consisting of perennial, preferably
native vegetation along both banks of the river. Riparian vegetation is necessary to help stabilize river
banks in nearly all stream types, but in many cases is not the only solution.
There are some practices that can be used in-channel to help stabilize streams with local stressors (e.g.,
excessive bank erosion, longitudinal barriers, and undersized culverts). Grazing and previous
channelization are direct impacts to stream stability. These areas could be relieved of stress by restoring
the straightened reaches to a naturally meandering channel or changing grazing strategies to allow
vegetation grow and protect the streambanks. The following list of in- and near-channel stabilization
practices includes, but is not limited to:
- Stabilize banks that endanger infrastructure.
o Plant perennial vegetation, preferably natives, along stream channel if missing.
o Recognize geomorphology characteristics at each site (i.e., stream type, valley type, bankheight ratio, bankfull elevation, width-to-depth ratio, etc.).
o Always utilize practices on outside bends from the point of curvature to the point of
tangency to prevent downstream impacts.
o Utilize natural materials when possible (e.g. toe-wood) to protect the toe of the bank from
erosion; tie in to bankfull elevation and create a floodplain.
o Use grade-control structures (i.e. constructed riffles and cross-vanes) if future incision is
possible. Placement should be where riffles are normally located before and after bends.
o J-hooks should be used when shear-stress is high because of the curvature of the channel or
other conditions.
o See MNDNR River Ecology Unit’s Fact Sheets for more information.
o Avoid using rock or rip-rap up the entire bank due to increased energy transport
downstream to other areas of the channel. If rock is necessary, create a floodplain bench at
bankfull level so flood flows can dissipate energy. Willows and other native vegetation can
be planted above bankfull.
- Re-size bridges and culverts to allow flood flows on the floodplain, when applicable.
o Size the crossing for the bankfull channel to transport sediment, allow flood flows through
culverts placed at bankfull elevation. For more details see Zytkovicz and Murtada (2013).
o More likely to happen after a bridge or culvert failure from flooding, or when crossings are
scheduled for replacement.
o Locations with very wide floodplains could have multiple relief culverts along the
floodplain, especially while the road is being improved.
o Recess channel culverts into stream bed to allow low-flow fish passage.
- Reconnect areas with longitudinal barriers to fish passage.
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o
o

Remove or retrofit dams to allow fish passage.
Replace perched culverts, or retrofit to allow fish passage.

While in-channel restoration practices may be implemented, many of them are short-term fixes. Installing
in-stream structures are not usually recommended unless the bank is an anomaly to the system, if
infrastructure is in jeopardy, or if an opportunity arises to re-meander a historically channelized stream.
Funding should be prioritized to first address the cause of instability (e.g. altered hydrology, historic
channelization) instead of the symptom (e.g. eroding bank, trees in the river). Prioritization of work based
on specific goals and objectives, location in the watershed, constraints, size of project, addressing the cause
of the problem, and likelihood of success of the project. A high percentage of streams are impaired, and
there are too many to restore all of them, so prioritizing is the only way to become efficient in directing
limited funds.

Protection
Depending on local conditions, protection strategies may be implemented to keep a pristine lake from
becoming near-impaired, or a near-impaired lake from becoming impaired. The Cottonwood River
watershed has multiple areas that were not considered impaired, and those areas should be protected from
future degradation. Since many of the sites had intact riparian corridors, it is important that these areas
remain unaltered and meandering stream channels continue to meander. The following list includes, but is
not limited to areas of protection within the watershed:
- Existing lakes, wetlands, and wet marshes should be protected.
- Areas of significant groundwater-surface water interaction.
- Areas that are already enrolled in conservation programs or other BMPs.
o Land that was taken out of production and put in short-term conservation programs should
remain in conservation programs. For example, contracts that expired while commodity
prices were at all-time highs and were put back into row-crop production. Removal of
conservation programs results in a step backwards from watershed health.
- Areas that have been shown to remain stable over time.
o If a channel has appeared to stabilize with the existing climate and land use, it is important
that its watershed is protected from practices that could make the channel become
unstable. For instance, naturally-forming two-staged ditches should not be cleaned out.
Ditch clean outs make the river channel start the process of succession all over again.
o Identify, document, and protect stable stream reaches.
- Rare natural features, and native plant communities.
o These areas that exhibit native and natural communities should be protected and enhanced.
Rebuilding and connecting habitat that threatened and endangered species utilize will help
restore their populations while also helping with watershed health and stream stability.
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Correlated Planning Efforts
Minnesota State 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. This includes 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 104), will result projects
and practices with multiple environmental benefits (i.e. protecting and restoring perennial vegetation for
habitat enhancement and for clean water). Additional information on the Minnesota Wildlife Action Plan
can be found on the following webpage: https://www.dnr.state.mn.us/mnwap/index.html.
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Figure 104. Minnesota State Wildlife Action Plan priority areas within the Cottonwood River watershed. Red
indicates highest scoring areas within the WAN for restoration and protection.
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Minnesota Prairie Conservation Plan
Prairie habitats once covered one third of Minnesota but presently less than 2% remain. Native prairie,
other grasslands, and wetlands provide habitat for many species and are key components of functional
landscapes. The Minnesota Prairie Conservation Plan 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

The Cottonwood River watershed includes three local technical teams (Figure 105): Prairie Coteau, Red
Rock, and Minnesota River Valley. These established and active Prairie Plan Local Technical Teams are
available to assist and provide support to the Cottonwood River watershed and its landowners to achieve
wildlife value and water quality goals through targeted placement of perennial vegetation or other
agricultural best management practices.
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Figure 105. Prairie Conservation Plan areas in the Cottonwood River watershed.
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Appendix 1. Cottonwood River Watershed Species of Greatest Conservation Need
Cottonwood Watershed Documented Rare Species and Features
Scientific Name
Actinonaias ligamentina
Alasmidonta marginata
Ammodramus henslowii
Anaxyrus cognatus
Asclepias sullivantii
Astragalus flexuosus var. flexuosus
Bacopa rotundifolia

Common Name
Mucket
Elktoe
Henslow's Sparrow
Great Plains Toad
Sullivant's Milkweed
Slender Milk-vetch
Water-hyssop

Species Class
Mussel
Mussel
Bird
Amphibian
Terrestrial Plant
Terrestrial Plant
Aquatic Plant

Listing Status
THR, SGCN
THR, SGCN
END, SGCN
SPC, SGCN
THR
SPC
THR

Bartramia longicauda

Upland Sandpiper

Bird

Berula erecta
Botaurus lentiginosus
Buchloe dactyloides

Stream parsnip
American Bittern
Buffalo Grass

Aquatic Plant
Bird
Terrestrial Plant

Chondestes grammacus

Lark Sparrow

Bird

Watch List, SGCN Native prairie and open grasslands
Calcareous fens; alkaline springs; usually occurs in active seepage
THR
areas
Watch List, SGCN Marshes/wetlands
SPC
Southern bedrock outcrops
Open habitats with brushy or partially wooded edges (savannaSPC, SGCN
grassland complex); Grasslands

Grouping of a variety
of nesting bird species

Colonial Water bird Nesting Area

General Habitat Type
Medium to large rivers with sand and gravel substrates
Medium to large rivers with sand and gravel substrates
Grasslands and uncultivated old fields with stalks for perching
Upland and lowland prairie
Mesic tallgrass prairies; sometimes wet prairies
Dry to mesic prairies; hill prairies
Small rainwater pools on bedrock outcrops in western Minnesota

Cyperus acuminatus
Cypripedium candidum

Short-pointed Umbrella-sedge
Small White Lady's-slipper

Terrestrial Plant
Terrestrial Plant

THR
SPC

Emydoidea blandingii
Eryngium yuccifolium

Blanding's Turtle
Rattlesnake Master

Reptile
Terrestrial Plant

THR, SGCN
SPC

Large, shallow lakes; marsh complex
Edge of shallow rock pools and in the muddy margins of ponds and
lakes
Calcareous seeps; wet prairie
Wetland complexes, small streams, and adjacent uplands, typically,
but not always mapped as sandy soils
Prairies (dry to moist soils)

Eurynia dilatata

Spike

Mussel

THR, SGCN

Small to large rivers with sand and gravel substrates; Reservoirs
and lakes--usually in outlets with swift currents

Gymnocladus dioica

Kentucky Coffee Tree

Tree

Haliaeetus leucocephalus
Lampropeltis triangulum
Lanius ludovicianus

Bald Eagle
Milk Snake
Loggerhead Shrike

Bird
Reptile
Bird

SPC
Bald Eagle and
Golden Eagle
Protection Act
(Federal)
Watch List
END, SGCN

Lasmigona compressa
Lasmigona costata
Lespedeza leptostachya

Creek Heelsplitter
Fluted Shell
Prairie Bush Clover

Mussel
Mussel
Terrestrial Plant

SPC, SGCN
THR, SGCN
THR, Fed THR

Ligumia recta
Necturus maculosus

Black Sandshell
Mudpuppy

Mussel
Amphibian

SPC, SGCN
SPC, SGCN

Ares with dense or scattered trees and wet areas
Open lands with rock outcrops
Upland grasslands--both high and low quality
Creeks, small rivers, and the upstream portions of large rivers with
sand, fine gravel, or mud substrates
Medium to large rivers dominated by gravel substrates
Mesic to dry-mesic prairie; Bluff prairies
Medium to large rivers in the riffles and runs with sand or gravel
substrates
Freshwater lakes, rivers, streams, and ponds

Oarisma poweshiek
Onychomys leucogaster

Powesheik skipperling
Northern Grasshopper Mouse

Insect
Mammal

END, Fed END,
SGCN

Wet to Dry native prairie

SPC, SGCN

Orobanche ludoviciana var. ludovicianaLouisiana Broomrape

Terrestrial Plant

THR

Panax quinquefolius

American Ginseng

Terrestrial Plant

SPC

Pantherophis ramspotti

Western Fox Snake

Reptile

Watch List

Phalaropus tricolor
Pleurobema sintoxia
Rhynchospora capillacea
Sagittaria calycina
Schedonnardus paniculatus
Setophaga cerulea
Speyeria idalia
Sterna forsteri

Wilson's Phalarope
Round Pigtoe
Hair-like Beak-rush
Long-lobed Arrowhead
Tumblegrass
Cerulean Warbler
Regal Fritillary
Forster's Tern

Bird
Mussel
Aquatic Plant
Aquatic Plant
Terrestrial Plant
Bird
Insect
Bird

THR, SGCN
SPC, SGCN
THR
THR
SPC
SPC, SGCN
SPC, SGCN
SPC, SGCN

Thaspium barbinode
Trillium nivale
Urocitellus richardsonii

Hairy-jointed Meadow-parsnip
Snow Trillium
Richardson's Ground Squirrel

Terrestrial Plant
Terrestrial Plant
Mammal

SPC
SPC
SPC, SGCN

Vireo bellii

Bell's Vireo

Bird

SPC, SGCN

Woodsia oregana ssp. cathcartiana

Oregon Woodsia

Terrestrial Plant

SPC

Rich mesic woodlands, bottomland woodlands, and riverbanks

Dry prairies
Dry prairies and savannas (northern and southern types) with loose,
sandy, or gravelly soil
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 sedge-dominated
wetlands
Medium to large rivers with sand, gravel, or mud substrates
Calcareous fens; spring fens
River floodplains with muck; Backwaters of lakes and rivers
Southern bedrock outcrops
Large tracts of mature or old-growth deciduous forests
Upland and wet prairie
Marsh complexes
Forest remnants near large rivers; mostly in the Minnesota River
Valley
Mesic hardwood forests or floodplain forests
Open habitats with short grasses
Early successional forests and riparian areas with dense, shrubby
vegetation
Found on moist, shaded (occasionally exposed) basaltic or, less
commonly, dolomite cliffs with rocky soils

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
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Appendix 2. Biological sites impacted by fish barriers.
MPCA Bio Site
03MN035
07MN085
10EM007
14MN150
15EM071
17MN106
17MN107
17MN109
17MN111
17MN113
17MN114
17MN115
17MN116
17MN118
17MN119
17MN122
17MN123
17MN124
17MN126
17MN128
17MN129
17MN132
17MN133
17MN137
17MN138
17MN139
17MN140
17MN141
17MN142
17MN147
17MN148
17MN151
17MN155
17MN159
17MN160
17MN161
17MN162
17MN163
17MN168
17MN169
17MN170
17MN171
17MN172
17MN176
91MN065
91MN067
91MN068
97MN014

Barrier Type Highest Barrier Ranking # of Barriers
Culvert
Significant
13
Culvert
Significant
4
Culvert
Significant
1
Culvert
Seasonal/Partial
3
Culvert
Significant
1
Culvert
Seasonal/Partial
1
Culvert
Seasonal/Partial
1
Culvert
Seasonal/Partial
1
Culvert
Seasonal/Partial
2
Culvert
Significant
3
Culvert
Significant
2
Culvert
Significant
1
Culvert
Significant
1
Culvert
Significant
1
Culvert
Significant
1
Culvert
Significant
1
Culvert
Significant
1
Culvert
Significant
1
Culvert
Significant
5
Road Retention
Significant
2
Road Retention
Significant
3
Culvert
Significant
2
Culvert
Significant
2
Culvert
Significant
8
Culvert
Significant
8
Culvert
Significant
13
Culvert
Seasonal/Partial
1
Culvert
Seasonal/Partial
2
Culvert
Seasonal/Partial
2
Culvert
Significant
4
Culvert
Significant
3
Culvert
Seasonal/Partial
1
Culvert
Seasonal/Partial
2
Culvert
Significant
5
Culvert
Significant
6
Road Retention
Significant
9
Road Retention
Significant
9
Culvert
Seasonal/Partial
1
Culvert
Seasonal/Partial
5
Culvert
Seasonal/Partial
5
Culvert
Seasonal/Partial
5
Culvert
Seasonal/Partial
5
Culvert
Significant
7
Culvert
Significant
4
Culvert
Seasonal/Partial
2
Culvert
Seasonal/Partial
1
Culvert
Significant
1
Culvert
Significant
1
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Appendix 3. Management Recommendations for 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
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Appendix 4. Cottonwood River Watershed Regional Curve

Cottonwood River Watershed Characterization Report

145

Appendix 5. Colorado Bank Erosion Model (Rosgen 2001)
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