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K.1

SUMMARY OF IMPACTS

Impacts identified in the 2011 Fargo-Moorhead Metropolitan Area Flood Risk Management
Feasibility Report and Environmental Impact Statement and the Supplemental Environmental
Assessment July 2013 includes impacts to aquatic habitat, fish passage and connectivity, floodplain
forest, wetland resources, and cultural resources.

K.1.1

Aquatic Habitat

K.1.2

Fish Passage and Connectivity

K.1.3

Floodplain Forest

K.1.4

Wetlands

Impacts to aquatic habitat includes riverine habitat directly affected by individual project features to
include the Red River Control Structure, Red River Outlet Structure, Wild Rice River Control Structure,
Sheyenne River Aqueduct, Maple River Aqueduct, and the abandonment of 5 miles of channel on the
Rush and Lower Rush Rivers.
Impacts to fish passage and connectivity result from staging water during operation of the flood
control project, reducing connectivity.
The project will result in a loss of 131 acres of forested land consisting of floodplain forest,
shelterbelts, and small pockets of trees around farmsteads.

Wetlands delineation has recently been completed. Note: these numbers are for the entire FargoMoorhead Project, not specific to Reach 1.
Wetland Type
Open Water
Seasonally Flooded Basin
Shallow Marsh
Shrub-Carr
Wet Meadow

Acres
0.69
1476.97
106.38
1.32
119.85

Total Acres

1705.20

In general, the majority of the wetlands impacted are low functioning farmed, seasonally flooded
type.

K.1.5

Cultural Resources

Phase 1 cultural resource surveys have been ongoing for the entire project area. Areas where phase
2 testing and evaluation will be needed have been identified and will continue to be identified as the
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phase 1 surveys are completed. Section K.4 below provides information on the cultural resources
sites within the Outlet Area and Reach 1.

K.2

OVERALL MITIGATION FEATURES

K.2.1

Aquatic Habitat Mitigation Features

K.2.2

Fish Passage and Connectivity

K.2.3

Floodplain Forest

K.2.4

Wetlands

K.2.5

Cultural

Measures considered for aquatic habitat mitigation include performing full stream restoration,
stream improvement via riparian corridor restoration, designing the low-flow channel to meander,
and construction of fish passage.
Fish Passage and connectivity impacts will be mitigated for by building in-town levees so the project
would operate less frequently, providing fish passage at the diversion channel outlet, the Rush River
inlet, and providing fish passages at other existing dams in the region to include Drayton Dam and
Wild Rice Dam. Agencies have supported the idea that fish passage be provided across the widest
range of conditions practicable. For example, fish passage during floods is important as fish often
move in response to pulse events, particularly during spring floods. The Fargo-Moorhead project has
strived to provide fish passage during all but the largest flood events.
Mitigation to offset the impacts to floodplain forest includes converting 262 acres of floodplain
farmland or pastured land into floodplain forest.
The channel will be planted with native wetland species on the bottom and the fringe of the side
slopes of the channel, with the remainder of the side slopes being planted as a prairie swale type
community. A buffer strip of several hundred feet on either side of the diversion channel up to the
embankment top will help limit encroachment from agricultural activities and will provide filtering of
surface runoff into the diversion channel wetlands. In consultation with several plant experts,
planting guidelines and seed mixes for various zones of the channel cross section have been
developed that ensure project objectives are met (Attachment K-1).
Cultural resources mitigation for each Reach must be completed prior to the start of construction for
that Reach. In addition monitoring by a professional archeologist will be required during
construction in select reaches of the project.

K.3

REACH 1 MITIGATION FEATURES

The environmental consideration for mitigation for this reach includes designing the outlet structure to
function as fish passage, providing planting guidance to facilitate wetlands in the bottom of the
diversion channel, and ensuring the low flow channel is designed to meander. These efforts are
discussed in the Feasibility Report and Environmental Impact Statement.
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Fish Passage at Outlet Structure

Successful mitigation of fish passage at the outlet structure includes design features that provide a
pathway for the immigration and emigration of fish between the Red River and its tributaries.
Important considerations include: (1) species of interest -identified through agency and stakeholder
coordination, (2) design limitations – identified by essential goals and objectives of the project, including
swim speed, (3) ability to monitor – stemming from a pre- and post- construction design, and (4)
geomorphologic components of the system.
The rock ramp fishway being considered for Reach 1 consists of pool/riffle structures (Attachment K-2).
Rock ramps are nature-like fishways designed to match the morphological characteristics of natural river
habitat for the species present. Although rock riffles are not common on the Red River mainstem, the
key to the design is that the small drops down the ramp are built to a height that gives fish the
opportunity to rest between each drop. The riffles serve as the “steps” of the fishway.

K.3.2

Wetland Planting Guidelines

As noted above, to meet the mitigation requirements for planting the diversion channel with wetland
species, vegetation establishment guidelines have been developed (Attachment K-1). One goal of the
planting plan is to limit the potential for the establishment of undesirable species (such as cattails,
willow, etc.), compatible with Conveyance criteria (resulting in a Manning’s roughness n value of .03 or
less), and resilient to maintenance activities.

K.4

CULTURAL RESOURCES

Portions of the Outlet Area and Reach 1 were surveyed for cultural resources in June and October 2011.
The alignment for Reach 1 was subsequently shifted and lengthened in 2011. The new portions of the
shifted Reach 1 alignment received a Phase I cultural resources survey in May and June 2012 under the
existing contract with URS.
Based on 2011 Phase I cultural resources survey, the shifted Reach 1 alignment contains one farmstead
(site 32CS5105) on the west side of 173rd Avenue SE in Section 35, Township 142 North, Range 49 West,
and historic archeological site 32CS5126 in Section 9, Township 141 North, Range 49 West. Both of
these sites are recommended as being not eligible to the National Register of Historic Places.
Coordination with the North Dakota SHPO to confirm their non-eligibility is in progress.
The preliminary field report for the 2012 Phase I cultural resources survey of the new portions of the
shifted Reach 1 alignment indicates the presence of an isolated artifact and a farmstead in Section 2; an
isolated artifact in Section 3; and a large prehistoric cultural material scatter site (lithics, ceramics,
musselshell, and burned and unburned animal bone fragments) in Section 10, Township 141 North,
Range 49 West. Phase II testing was conducted at prehistoric archeological site 32CS201 near the
Sheyenne River and Drain 30 in November 2012 to evaluate whether it was eligible to the National
Register of Historic Places. Based on the testing results, this site was determined eligible; therefore,
mitigation in the form of data recovery excavation will be necessary at the site prior to the start of
project construction at that location.
There are no cultural resources sites in the Outlet Area on either the North Dakota side or the
Minnesota side of the Red River. However, there is a prehistoric archeological site located east of the
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outlet area on the Minnesota side of the river which has to be crossed to access the outlet area from
that side. If no bank stabilization will take place on the Minnesota side of the Red River opposite or
downstream of the diversion outlet, then this archeological site will not be affected by project
construction related activities and no further cultural resources work is necessary. If bank stabilization
will take place on the Minnesota side of the river, then additional Phase I cultural resources survey will
be necessary to record this archeological site. Impacts to this site could be avoided if filter fabric and
gravel are laid down as an access road across the site to the outlet area. The site area should also not be
used as a staging area. Because the river channel downstream of the diversion outlet into the Red River
is relatively straight at the site location, bank erosion at the site from diversion operation should not be
an issue. Upstream of the outlet, the south side of the site is and would still be subject to bank erosion
from water flowing in the Red River through Fargo-Moorhead, as that part of the site is located on an
outside bend of the river.

K.5

ENVIRONMENTAL SURVEYS AND MONITORING

Raptor surveys were conducted by the Corps and the USFWS during the spring of 2012 and 2013.
Surveys will be conducted each spring prior to construction of the outlet area.
Based on the cultural resources programmatic agreement, any project excavation within 100 meters
(328 feet) of any river (Red River outlet, Rush River, Lower Rush River, Maple River, Sheyenne River,
Wild Rice River, and Red River inlet), at the proposed crossing location as well as the portion of the
diversion alignment where it crosses through the oxbow area south of the Maple River should be
monitored by a qualified professional archeologist.

K.6

NEPA COMPLIANCE

The proposed plan for the diversion channel was discussed in the 2011 Fargo-Moorhead Metropolitan
Area Flood Risk Management Final Feasibility Report and Environmental Impact Statement. Changes to
the original layout for Reach 1 consisted of a modified outlet structure and an optimization of the
diversion alignment. Modifying the outlet structure would require less fill into the Red River and will
have a much smaller footprint impact while still ensuring fish passage. A supplemental environmental
assessment and supplemental 404(b)1 analysis are being prepared to address the changes. It is
anticipated that the results of the NEPA analysis will determine that no significant impacts to the Reach
1 project are a result of these alignment changes.
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MEMORANDUM FOR RECORD
SUBJECT: Guidelines for Reach 1 Planting Plan of the Fargo Moorhead Diversion Channel.
Prepared by: Jonathan Sobiech and Megan McGuire
1. References: References and supporting documentation are listed below.
a) Minnesota Board of Water & Soil Resources
(http://www.bwsr.state.mn.us/native_vegetation/)
b) MN/DOT website (Seed Mix Design Manual)
http://www.dot.state.mn.us/environment/erosion/pdf/native-seed-mix-dm.pdf
2. Purpose: To establish guidance for the planting of the Fargo Moorhead Metropolitan diversion
channel. The recommended plan will be reviewed by Engineering Division to ensure the
recommended plant species will be acceptable for passing the desired flow based on the hydraulic
modeling.
3. The planting area consists of the entire diversion channel and its features which include: the
excavated material berm piled along the diversion channel (zone 1), the 1V:7H slopes leading down
to the bottom of the channel (zones 2 and 3), the 2% slopes leading to the low flow channel (zone 4)
and finally the low flow channel (zone 5) see figure 1.
4. There will be no features designed specifically for wetland establishment. Rather, the plant species
are chosen based on the survivability of what the diversion channel will support based on the
hydrology and soils. Planting a carefully selected species mix will benefit the project in a number of
ways to include: wildlife habitat, providing nutrients, water quality, outcompeting less desirable
species such as sandbar willow and cattails, and erosion prevention.
5. The hydraulic models for this project assumed a roughness Manning’s n value of .03, and
assumptions were made early on that any woody vegetation would have n values greater than what
was modeled for. Therefore no woody plants are being considered for this planting plan.
6. Performance of the Breckenridge diversion, as well as past experiences with dry dams, have shown
that extended inundation (particularly if the entire plant is submerged) during the growing season will
kill even hardy species such as cattails, reed canary grass and Phragmites. With the FM project it is
possible that the diversion channel will have fairly high elevations of water for up to several weeks
into the growing season. Since mudflats may be an unavoidable result in severe cases, the planting
plan should include some fast-colonizing species of mudflats (e.g., smartweeds, water plantain, and
blunt spikerush). These plants will provide a seedbank which will help rapidly re-colonize the
mudflats if/when they develop.
7. Bulrushes and lake sedge stand up well to flowing water (up to a point of course) and can tolerate
short-term submergence during the growing season. Prairie cord-grass is excellent for preventing soil
erosion if given enough time to develop its root/rhizome system and was the dominant species in wet
prairie swales and bed of Glacial Lake Agassiz. These species have been incorporated into the
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recommended species mix for this project as well as many more common persistently or temporarily
flooded species.
8. Experts from the Engineer Research and Development Center (ERDC), Fish and Wildlife Service
(FWS), Natural Resource Conservation Service (NRCS), Corps Regulatory office in St. Paul and the
University of Minnesota (UMN) were consulted as to what plants would be the best suited for the
diversion plantings. Based on their input the following planting plan criteria were developed.
Criteria:
a) A diversity of species established to help prevent the introduction of non-native invasive species
that are common in the area
b) Vegetation selected must have a Manning’s ‘n’ value of approximately .03 (must ensure that the
species selected satisfy the roughness that was put into the model).
c) Select native plant species common in the area.
d) Wetland species at the bottom and near the bottom of the channel.
e) Select species that can re-colonize quickly if they die-off.
f) A minimum of 4-6 inches of topsoil will be incorporated into existing soil before planting
g) Site preparation prior to planting is very important.
h) Can be either mowed or burned after establishment.
i) Stabilize soils and prevent erosion.
9.

Recommended Species Mixes: The seed mixes for this project are designed or selected to increase
diversity, create competition for invasive species, and to promote plant community stability. They also are
satisfactory to ensure that the roughness created by these plants will not have an adverse impact on the
conveyance of channel flows.
The native seed mix design manual from the MNDOT was used to guide in the selection of seed mixes
and/or specific plant recommendations. For zones 1-3 seed mixes were adapted from the manual, and are
based on standard mixtures used by MNDOT, BWSR and MNDNR. Additional species were also added
for more diversity and enhanced adaptation to the environmental conditions, and plants more adapted to
North Dakota were added to the Minnesota mixes. For zones 4-5 the seed mix is made up of a
combination of existing seed mixes with additional species incorporated to help satisfy the other criteria of
the planting plan.
A cover crop of oats and/or winter wheat with native soil stabilizing grasses will also be used for all seed
mixes.

a) Zone 1: The seed mix proposed for zone 1 is the Mesic Prairie (Table 1). Warm-season prairie
grasses will have the highest success rate if planted between April 15 and June 30. Prairie forbs
and sedges will have the highest success rate if planted from Oct 15 – frozen soils. The choice for
seeding time will depend on construction completion date, site preparation, and weed control
needs. Grass and forbs seeding rates may be adjusted to account for seeding time.
b) Zone 2: The seed mix proposed for zone 2 is the recommended Wet Prairie Mix (Table 2).
Warm-season prairie grasses will have the highest success rate if planted between April 15 – June
30. Many wetland grasses are cool season grasses and will thus have a higher success rate if
planted Oct 15 – frozen soils. Wetland sedges and forbs and prairie sedges and forbs will have the
highest success rate if planted from Oct 15 – frozen soils. The choice for seeding time will
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depend on construction completion date, site preparation, and weed control needs. Grass and
forbs seeding rates may be adjusted to account for seeding time.
c) Zone 3: The seed mix proposed for zone 3 is the recommended Wet Meadow mix (Table 3).
Warm-season prairie grasses will have the highest success rate if planted between April 15 – June
30). Many wetland grasses are cool season grasses and will thus have a higher success rate if
planted Oct 15 – frozen soils. Wetland sedges and forbs and prairie sedges and forbs will have the
highest success rate if planted from Oct 15 – frozen soils. The choice for seeding time will
depend on construction completion date, site preparation, and weed control needs. Grass and
forbs seeding rates may be adjusted to account for seeding time.
d) Zones 4 and 5: The seed mix proposed for zones 4 and 5 is a combination of the recommended
Temporary Flooded, Persistently Flooded, and from expert opinions to create a combined mix
(Table 4). Warm-season prairie grasses will have the highest success rate if planted between
April 15 – June 30). Many wetland grasses are cool season grasses and will thus have a higher
success rate if planted Oct 15 – frozen soils. Wetland sedges and forbs and prairie sedges and
forbs will have the highest success rate if planted from Oct 15 – frozen soils. The majority of
species in the wetter zones are cool-season grasses and sedges. The choice for seeding time will
depend on construction completion date, site preparation, and weed control needs. Grass and
forbs seeding rates may be adjusted to account for seeding time. In addition to seeding, Zone 4
will be planted with plugs of certain species to promote rapid stabilization of the low-flow
channel banks. Many wet plant species do not succeed from seed, but have very high success
rates and rapid growth from plugs.
10. Site Preparation: The majority of the land that will be impacted for this project will be agricultural.
Sites that are currently in agriculture often have effective weed control and are in good condition for
seeding. Topsoil from agricultural fields will be spread across the site. This soil will likely have few
perennial weeds, but will certainly have annual weeds that will compete with the native vegetation,
especially during establishment.
11. Topsoil: Topsoil is proposed for this project to provide a higher nutrient medium for the plants.
However, care must be taken to ensure topsoil to be used is free of any upland and wetland invasive
species, particularly reed canary grass. Soil stockpiles will be treated with herbicide and/or cover
crops during construction to prevent contamination with weed seeds. The topsoil will be incorporated
or mixed with the existing substrate through periodic disking, and any compaction that occurs will be
loosened before final seedbed preparation. A minimum of 6-8 inches of topsoil should be
incorporated to a depth of 2 inches into the clay subsoil.
12. Seedbed Preparation: There will be more information on this as we move closer to planting but for a
place holder we will use a couple different methodologies for seedbed preparation. Where we will be
planting with a traditional native seed drill we will require a smooth firm seedbed. This will require
harrowing and rolling the surface to make it acceptable for this type of planting; this will prevent the
seed from being buried too deep. Broadcast seeding will be ok on areas that have been disked or
where the topsoil has been incorporated as long as the soil is allowed time to settle. It may be
required to roll or cultipack following a broadcast seeding to ensure the seed doesn’t blow away. A
cover crop will be planted in the topsoil. If we are able to plant directly into standing stubble, the soil
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will have settled sufficiently for seeding. If the cover crop must be tilled and incorporated into the
topsoil, harrowing, rolling, or cultipacking will be required. Other options for some of the seeding
may include hydro seeding or manually planting plants. Regardless of methodology of seed planting,
shallow planting is key between 0 to ¼ inch deep depending on the size of the seed. In general,
larger-seeded prairie grasses do best with drilling, while, sedges, and smaller seeded grasses do best
with broadcast seeding. If the seeding occurs in the spring, consider using broadcast seeding, if
possible, because forbs and sedges will already be disadvantaged. Broadcast and drill seeding can be
used in combination to ensure the best establishment.
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Table 1. ZONE 1 MESIC PRAIRIE SEED MIX
Forbs
Description
Agastache foeniculum
Allium stellatum
Apocynum sibiricum
Artemisia ludovciana
Asclepias verticillata
Astragalus canadensis
Dalea candida
Dalea purpurea
Desmodium
canadense
Galium boreale
Glycyrrhiza lepidota
Helianthus pauciflorus
Heliopsis helianthoides
Heuchera richardsonii
Lathyrus venosus
Liatris aspera
Liatris pycnostachya
Monarda fistulosa
Oenothera biennis
Pedicularis canadensis

Anise Hyssop
Prairie Onion
Clasping Dogbane
White sagebrush
Whorled Milkweed
Canada Milk Vetch
White Prairie Clover
Purple Prairie Clover
Showy Tick Trefoil
Northern Bedstraw
Wild Licorice
Showy Sunflower
Early Sunflower
Prairie Alumroot
Veiny Pea
Rough Blazing Star
Prairie Blazing Star
Wild Beragmot
Common Evening Primrose
Wood Betony

Pycnanthemum
virginianum
Ratibida columnifera
Rudbeckia hirta
Solidago nemoralis
Solidago rigida
Solidago speciosa

Mountain Mint
Long-headed Coneflower
Black-eyed Susan
Old Field Goldenrod
Stiff Goldenrod
Showy Goldenrod

Symphyotrichum
ericoides

Heath Aster

Symphyotrichum laeve
Thalictrum
dasycarpum
Verbena hastata
Zizia aptera

Smooth Blue Aster
Purple Meadow Rue
Blue Vervain
Heart-leaf Golden Alexanders
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TREES, SHRUBS & VINES

Description
Amorpha canescens

Lead Plant

GRASSES, SEDGES & RUSHES

Description
Andropogon gerardii
Bouteloua
curtipendula
Bouteloua gracilis
Bromus kalmii
Carex brevior
Deschampsia cespitosa
Elymus canadensis
Elymus trachycaulus

Big Blustem
Side-Oats Grama
Blue Grama
Prairie Brome
Shortbeak Sedge
Tufted Hairgrass
Canada Wild Rye
Slender Wheatgrass

Hesperostipa spartea
(syn. Stipa spartea)
Koeleria cristata

Porcupine Grass
June Grass

Muhlenbergia
glomerata

Marsh Muly

Muhlenbergia
richardsonis
Panicum virgatum

Mat Muhly
Swtichgrass

Pascopyrum smithii
Schizachyrium
scoparium
Sorghastrum nutans
Sphenopholis obtusata

Western Wheatgrass

Sporobolus heterolepis

Prairie Dropseed

Stipa viridula (syn.
Nassella viridula)

Green Needle Grass

Little Blustem
Indian Grass
Prairie Wedgegrass
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Table 2. ZONE 2 WET PRAIRIE SEED MIX
Forbs
Description
Anemone canadensis

Canada Anemone

Apocynum sibiricum

Clasping Dogbane

Asclepias incarnata

Swamp Milkweed

Aster puniceus

Swamp Aster

Dalea purpurea

Purple Prairie Clover

Desmodium canadense

Showy Tick Trefoil

Doellingeria umbellata

Flat-Topped Aster

Eupatorium
maculatum

Joe Pye Weed

Eupatorium
perfoliatum

Boneset

Euthamia graminifolia

Grass-leaved Goldenrod

Galium boreale

Northern Bedstraw

Helenium autumnale

Sneezeweed

Helianthus
grosseserratus

Saw-tooth Sunflower

Lathyrus venosus

Veiny Pea

Liatris ligulistylis

Meadow Blazing Star

Liatris pycnostachya

Prairie Blazing Star

Lobelia siphilitica

Great Blue Lobelia

Lysimachia quadriflora Prairie Loosestrife
Mimulus ringens

Monkey Flower

Pycnanthemum
virginianum

Mountain Mint
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Solidago gigantea

Late Goldenrod

Thalictrum
dasycarpum

Purple Meadow Rue

Verbena hastata

Blue Vervain

Vernonia fasciculata

Common Ironweed

Veronicastrum
virginicum

Culver's Root

Zizia aurea

Golden Alexanders

GRASSES, SEDGES & RUSHES
Description
Agrostis scabra

Ticklegrass

Andropogon gerardii

Big Blustem

Bromus ciliatus

Fringed Brome

Bromus kalmii

Prairie Brome

Calamagrostis
canadensis

Blue Joint Grass

Calamagrostis stricta

Northern reedgrass

Carex buxbaumii *

Buxbaum's Sedge

Carex pellita *

Wooly Sedge

Carex praegracilis

Freeway Sedge

Carex sartwellii *

Sartwell's Sedge

Carex stricta

Upright Sedge

Carex vulpinoidea

Fox Sedge

Deschamsia cespitosa

Tufted Hairgrass

Elymus trachycaulus

Slender Wheatgrass

Elymus virginicus

Virginia Wild Rye

Page 8 of 13
Attachment K-1

CEMVP-PD-P

May 6, 2013

Glyceria grandis

Reed Manna Grass

Glyceria striata

Fowl Manna Grass

Leymus triticoides

Beardgrass Wild Rye

Muhlenbergia
glomerata

Marsh Muhly

Muhlenbergia
richardsonis

Mat Muhly

Panicum virgatum

Switchgrass

Pascopyrum smithii

Western Wheatgrass

Poa palustris

Fowl Bluegrass

Schizachyrium
scoparium

Little Blustem

Scirpus atroviren

Green Bulrush

Scirpus cyperinus

Woolgrass

Sorghastrum nutans

Indian Grass

Spartina pectinata

Prairie Cordgrass

Sporobolus heterolepis

Prairie Dropseed

Stipa viridula (syn.
Nassella viridula)

Green Needle Grass

* Indicates speices that are highly desired.

Table 3. ZONE 3 WET MEADOW SEED MIX
Forbs
Description
Asclepias incarnata
Aster puniceus
Boltonia asteroides
Doellingeria umbellata
Epilobium glandulosum
Eupatorium maculatum

Swamp Milkweed
Swamp Aster
False Aster
Flat-topped Aster
Northern Willow Herb
Joe Pye Weed
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Eupatorium perfoliatum
Euthamia graminifolia
Helenium autumnale

Boneset
Grass-leaved Goldenrod
Sneezeweed

Helianthus
grosseserratus
Hypoxis hirsute
Lobelia siphilitica
Lycopus americanus
Lysimachia ciliata
Mentha arvensis
Mimulus ringens
Pedicularis lanceolata

Saw-tooth Sunflower
Yeollow Star Grass
Great Blue Lobelia
Water Horehound
Fringed Loosestrife
Wild Mint
Monkey Flower
Marsh Betony

Pycnanthemum
virginianum
Solidago gigantea

Mountain Mint
Late Goldenrod

Symphyotrichum
lanceolatum
Thalictrum dasycarpum
Verbena hastata
Vernonia fasciculata

Panicled Aster
Purple Meadow Rue
Blue Vervain
Common Ironweed

Veronicastrum
virginicum
Zizia aurea

Culver's Root
Golden Alexanders

GRASSES, SEDGES & RUSHES
Description
Agrostis scabra
Andropogon gerardii
Beckmannia syzigachne
Bromus ciliatus
Bromus kalmii

Ticklegrass
Big Blustem
American Sloughgrass
Fringed Brome
Prairie Brome

Calamagrostis
canadensis
Calamagrostis stricta
Carex bebbii
Carex buxbaumii *
Carex comosa
Carex lasiocarpa
Carex pellita *
Carex praegracilis *
Carex sartwellii *

Blue Joint Grass
Northern reedgrass
Bebb's Sedge
Buxbaum's Sedge
Bottlebrush Sedge
Woolyfruit Sedge
Wooly Sedge
Freeway Sedge
Sartwell's Sedge
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Carex scoparia
Carex sprengelii
Carex stipata
Carex stricta *
Carex vulpinoidea
Distichlis spicata
Elymus trachycaulus
Elymus virginicus
Glyceria grandis
Glyceria striata
Hierochloe odorata
Hordeum jubatum
Juncus tenuis
Leersia oryzoides
Leymus triticoides

Broom Sedge
Sprengel's Sedge
Awlfruit Sedge
Tussock Sedge
Fox Sedge
Inland Saltgrass
Slender Wheatgrass
Virginia Wild Rye
Reed Manna Grass
Fowl Manna Grass
Sweetgrass
Foxtail Barley
Path Rush
Rice Cutgrass
Beardless Wild Rye

Muhlenbergia
glomerata

Marsh Muhly

Muhlenbergia
richardsonis
Panicum virgatum

Mat Muhly
Switchgrass

Poa palustris
Fowl Bluegrass
Scirpus atroviren
Green Bulrush
Scirpus cyperinus
Woolgrass
Scolochloa festucacea
Common Rivergrass
Sorghastrum nutans
Indian Grass
Spartina pectinata
Prairie Cordgrass
* Indicates the species that are highly desired.

Table 4. ZONE 4 and 5 BOTTOM MIX
Forbs
Description
Acorus americanus
Acorus calamus
Alisma trivale
Asclepias incarnata
Bidens cernua
Epilobium glandulosum
Eupatorium maculatum
Impatiens capensis

Sweet Flag
Sweet Flag
Nothern Water Plantain
Swamp Milkweed
Nodding Bur Marigold
Northern Willow Herb
Joe Pye Weed
Spotted Touch-me-not
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Iris versicolor
Lycopus americanus
Lysimachia ciliata
Mentha arvensis
Mimulus ringens
Penthorum sedoides
Physostegia virginiana
Polygonum
pensylvanicum
Polygonum punctatum
Polygonum sagittatum
Rumex orbiculatus
Sagittaria latifolia
Scuttelaria laterifolia
Sium suave
Sparganium
eurycarpum
Stachys palustris
homotricha
Teucrium canadense

May 6, 2013

Northern Blue Flag
Water Horehound
Fringed Loosestrife
Wild Mint
Monkey Flower
Ditch Stonecrop
Obedient Plant
Pinkweed
Smartweed
Tear Thumb
Bitter Dock
Common Arrowhead
Mad-dog Skullcap
Tall Water Parsnip
Great Bur Reed
Woundwort
Germander

GRASSES, SEDGES & RUSHES
Description
Agrostis scabra
Andropogon gerardii
Beckmannia syzigachne
Bromus ciliatus

Ticklegrass
Big Blustem
American Sloughgrass
Fringed Brome

Calamagrostis
canadensis
Carex aquatilis *
Carex aurea
Carex bebbii *
Carex comosa
Carex lacustris *
Carex lasiocarpa *
Carex pellita *
Carex praegracilis
Carex sartwellii *
Carex scoparia *
Carex stipata

Blue Joint Grass
Water Sedge
Golden Sedge
Bebb's Sedge
Bottlebrush Sedge
Lake Sedge
Woolyfruit Sedge
Wooly Sedge
Freeway Sedge
Sartwell's Sedge
Broom Sedge
Awlfruit Sedge
Page 12 of 13
Attachment K-1

CEMVP-PD-P

Carex stricta
Carex utriculata *
Carex vulpinoidea
Distichlis spicata
Eleocharis obtusa
Eleocharis palustris
Elymus virginicus
Glyceria grandis
Glyceria striata
Hierochloe odorata
Hordeum jubatum
Juncus balticus
Juncus effusus
Leersia oryzoides
Muhlenbergia
glomerata
Panicum virgatum
Poa palustris
Scirpus acutus
Scirpus atroviren

May 6, 2013

Tussock Sedge
Common Yellow Lake
Sedge
Fox Sedge
Inland Saltgrass
Blunt Spikerush
Common Spikerush
Virginia Wild Rye
Reed Manna Grass
Fowl Manna Grass
Sweetgrass
Foxtail Barley
Baltic Rush
Common Rush
Rice Cutgrass
Marsh Muhly
Switchgrass
Fowl Bluegrass
Hardstem Bulrush
Green Bulrush

Scirpus cyperinus
Woolgrass
Scirpus fluviatilis
River Bulrush
Scirpus pungens
Common Three-Square
Scirpus validus
Softstem Bulrush
Scolochloa festucacea
Common Rivergrass
Sorghastrum nutans
Indian Grass
Spartina pectinata
Prairie Cordgrass
* Indicates species that are highly desired.
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K2.1 Introduction

The fundamental purpose of the proposed fish passage structure is to provide a pathway for the
immigration and emigration of fish between the Red River and the Rush River. Currently, the Rush River
flows directly to the Red River but this connection will be severed when the proposed diversion channel is
constructed. Important factors for establishing fish passage within a structure include: (1) species of
interest -identified through agency and stakeholder coordination, (2) design limitations – identified by
essential goals and objectives of the project, including swim speed, (3) ability to monitor – stemming from a
pre- and post- construction design, and (4) geomorphologic components of the system.
Fish species known from the Red River Basin are included in the Environmental Impact Statement (July
2011), (Table K2-1, [Table 30 – Fish Species observed in the Red River Basin, Source: Aadland et al. 2005]).
Fifty-eight species in 17 families have been identified as occurring or historically (since 1962) known to occur
in the Red River basin. This includes lake sturgeon, which currently has a reintroduction program underway
in the Red River basin (Aadland et al. 2005). By comparison, 22 species were known from the Rush River. In
general, fish observed in the Rush River are smaller bodied, silt tolerant and are adapted to slower moving
waters. However, some species such as the channel catfish can grow to be 20 pounds and are considered
highly migratory. Species of interest will be determined through agency and other stakeholder coordination
in subsequent design phases particularly in light of behavioral and reproductive characteristics of fishes
known from the Rush River or revealed during monitoring (Table K2-2). It is anticipated that fish passage
would be desired for a wide range of species especially sport fish like channel catfish and walleye. Focus for
fish passage will be on providing a range of hydraulic conditions that target the needs of different life-stages
of several species, including those identified from recent surveys.
Table K2-1. Fishes of the Red River. From the Fargo-Moorhead Metropolitan Area Environmental Impact
Statement (July 2011) - Table 30 – Fish Species observed in the Red River Basin: Aadland et al. 2005. “X”
indicates a species presence, “E” indicates species extirpated from the indicated waterbody “N” indicates
native to the drainage, and “I” indicates introduced. No mark represents a species within the Red River
Basin, but not found in the indicated waterbody.

Taxon

1

Red

Wild
Rice

Scientific Name

Common name

N or I

Sheyenne

Ichthyomyzon castaneus

chestnut lamprey

N

X

Ichthyomyzon unicuspis

silver lamprey

N

X

lake sturgeon

N

E

longnose gar

N

Amia calva

bowfin

N

Hiodon alosoides

goldeneye

N

X

X

Hiodon tergisus

mooneye

N

X

X

Coregonus artedi

cisco

N

Coregonus clupeaformis

whitefish

N

Oncorhynchus mykiss

rainbow trout

I

Salmo trutta

brown trout

I

Maple

Rush

Petromyzontidae

Acipenseridae
Acipenser fulvescens

2

Lepisosteidae
Lepistoseus osseus

2

Amiidae
Hiodontidae

Salmonidae
X
X
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N or I

1

Scientific Name

Common name

Red

Salvelinus fontinalis

brook trout

I

Salvelinus namaycush

lake trout

I

Carpiodes cyprinus

quillback carpsucker

N

X

Catostomus commersoni

white sucker

N

X

Hypentelium nigricans

northern hog sucker

N

Ictiobus bubalus

smallmouth buffalo

N

Ictiobus cyprinellus

bigmouth buffalo

N

Moxostoma anisurum

silver redhorse

N

Moxostoma erythrurum

golden redhorse

N

X

Moxostoma macrolepidotum

shorthead redhorse

N

X

Moxostoma valenciennesi

greater redhorse

N

X

Campostoma anomalum

central stoneroller

N

Campostoma oligolepis

largescale stoneroller

N

Carassius auratus

goldfish

I

X

Cyprinella spiloptera

spotfin shiner

N

X

Cyprinus carpio

common carp

I

X

Hybognathus hankinsoni

brassy minnow

N

Luxilus cornutus

common shiner

N

Macrhybopsis storeriana

silver chub

N

Margariscus margarita

pearl dace

N

Nocomis biguttatus

hornyhead chub

Notemigonus chrysoleucas
Notropis anogenus

Wild
Rice

Sheyenne

Maple

Rush

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Catostomidae

X
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

N

X

E

golden shiner

N

X

X

pugnose shiner

N

Notropis atherinoides

emerald shiner

N

X

Notropis blennius

river shiner

N

X

Notropis dorsalis

bigmouth shiner

N

X

Notropis heterodon

blackchin shiner

N

X

Notropis heterolepis

blacknose shiner

N

X

Notropis hudsonius

spottail shiner

N

Notropis percobromus

carmine shiner

N

Notropis rubellus

rosyface shiner

N

Notropis stramineus

sand shiner

N

Notropis texanus

weed shiner

N

Notropis volucellus

mimic shiner

N

Phoxinus eos

northern redbelly dace

N

Phoxinus neogaeus

finescale dace

N

Pimephales notatus

bluntnose minnow

N

X

Pimephales promelas

fathead minnow

N

X

Platygobio gracilis

flathead chub

I

X

Rhinichthys atratulus

blacknose dace

N

Rhinichthys obtusus

western blacknose dace

N

Semotilus atromaculatus

creek chub

N

Cyprinidae

X

E

E
X

X

X

X

X

X

X

X

X

X

X

X
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
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1

Red

Wild
Rice

Scientific Name

Common name

Rhinichthys cataractae

longnose dace

N

X

Sheyenne

Maple

Rush

Ameiurus melas

black bullhead

N

X

Ameiurus natalis

yellow bullhead

N

X

X

X

Ameiurus nebulosus

brown bullhead

N

X

Ictalurus punctatus

channel catfish

N

X

Noturus flavus

stonecat

N

X

X

X

Noturus gyrinus

tadpole madtom

N

X

Umbra limi

central mudminnow

N

X

Esox lucius

northern pike

N

X

Esox masquinongy

muskellunge

I

Osmerus mordax

rainbow smelt

N

X

Fundulus diaphanus

banded killfish

N

X

Lota lota

burbot

N

X

Percopsis omiscomaycus

trout-perch

N

X

Morone chrysops

white bass

I

X

Ambloplites rupestris

rock bass

N

X

Lepomis cyanellus

green sunfish

N

X

Lepomis gibbosus

pumpkinseed

N

Lepomis humilis

orangespotted sunfish

N

X

X

Lepomis macrochirus

bluegill

N

X

X

Micropterus dolomieu

smallmouth bass

N

X

X

Micropterus salmoides

largemouth bass

N

Pomoxis annularis

white crappie

N

X

Pomoxis nigromaculatus

black crappie

N

X

Etheostoma caeruleum

rainbow darter

N

Etheostoma exile

Iowa darter

N

Etheostoma microperca

least darter

N

Etheostoma nigrum

johnny darter

N

Perca flavescens

yellow perch

N

Percina caprodes

logperch

N

X

Percina maculata

blackside darter

N

X

Percina shumardi

river darter

N

E

Sander canadensis

sauger

N

X

Sander vitreus

walleye

N

X

X

X

X

Aplodinotus grunniens

freshwater drum

N

X

X

X

X

X

Ictaluridae
X

X
X

X

X
X

X

X

X

X

X

X

X

X

X

Umbridae
Esocidae
X

Osmeridae
Cyprinodontidae
E

Gadidae
Percopsidae
X

X

Moronidae
X

Centrarchidae
X

X
X

X

X

X

X
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Percidae
X

X

X

X

X

E
X

Sciaenidae
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Scientific Name

Common name

N or I

Cottus bairdi

mottled sculpin

N

Cottus cognatus

slimy sculpin

N

Cottus ricei

spoonhead sculpin

N

Culaea inconstans

brook stickleback

N

Pungitius pungitius

ninespine stickleback

N

1

Red

Wild
Rice

Sheyenne

Maple

Rush

X

X

X

X

Cottidae

Gasterosteidae

1

Species that are native (N) or introduced (I) to the Red River Basin.

2

Species which are known only from historical records and most likely no
longer exist in the Red River basin.
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Table K2-2. Table of behavioral and reproductive characteristics of fishes known from the Rush River. Includes species collected during Rush River fall 2011
sampling and those historically know from the Rush River (summarized from above table). Depth, velocity and substrate are based on HSI values of 0.8 to 1.0
(Aadland and Kuitenun 2006). A = Adult, J = Juvenile, Y = Young of Year, (spawn) = spawning preference. (Additional data from: Aadland 2010, Wilcox et al. 2004,
Becker 1983).

Spotfin Shiner

Fall
2011
X

Common Carp

X

X

Common Shiner

X

X

Species

Hist
X

Emerald Shiner

X

River Shiner

X

Bigmouth Shiner

X

Sand Shiner

X

Burst Swim
Speed
1
(ft/s)

Preferred
Depth (ft)
(A) 0.33 -1.31
(Y) 0 .16 - 0.82
(spawn) 0.16 -1.00

Preferred
Velocity (ft/sec)
(A) 0.33 -1.31
(Y) 0.33 -1.31
(spawn) 0.00 -2.13

Preferred
Substrate
(A) cobble, sand, gravel
(Y) cobble, silt, sand
(spawn) detritus, boulder
rubble

(A) 1.48 -2.62
(J) 1.31-2.80
(Y) 0.50 -.82

(A) 0.00 -.66
(J) 0.33 -1.50
(Y) 0 .00 - 0.66

(A) silt, detritus, sand
(J) bedrock, sand, silt
(Y) silt, rubble, gravel

(A) 1.64 - 4.92
(J) 0.66 -2.30
(Y) .16 -1.31
(spawn) .82-1.64

(A) 0.66-2.30
(J) 0.33 - 0.98
(Y) 0.16 - 0.98
(spawn) 1.31 - 2.30

Ascend tributaries in
the spring – adults
descending after
spawn.

(A) 0.49 - 0.98
(Y) 0.00 - 0.16

(A) 0.00 - 2.13
(Y) 0.00 - 0.66

(A) cobble, gravel, rubble
(J) sand, gravel, cobble
(Y) sand, gravel, cobble
(spawn) cobble, gravel,
rubble
(A) detritus, silt, sand
(Y) detritus, boulder, silt

Migrates from the Red
River into tributaries
to in late spring, early
summer
? but considered a
pioneer species

(A) 0.49 - 0.98
(Y) 0.16 - 0.82

(A) 0.82 – 2.13
(Y) 0.33 – 1.48

(A) silt, gravel, rubble
(Y) bedrock, gravel, sand

(A) 0.33 - 0.82
(Y) 0.33 - 0.66

(A) 0.66 – 1.31
(Y) 0.33 - 0.66

(A) silt, sand, gravel
(Y) sand, gravel, cobble

Migrate upstream
from the Red River
then return after
spawn. Similar to
emerald shiner

(A) 0.16 - 0.82
(Y) 0.16 - 0.66
(spawn) 0.66 – 1.00

(A) 0.66 -1.64
(Y) 0.16 -1.64
(spawn) 1.15 -2.46

(A) gravel, sand cobble
(Y) sand, gravel, bedrock
(spawn) gravel, boulder,
sand, submersed veg.

Spawning Time
May into
September in
crevices between
rocks or in bark on
submerged fallen
trees
May – August.
Eggs scattered over
available
vegetation
Late May – end of
July in stream
riffles over gravel,
15.6-18.3°C

Migration Behavior
Not in Becker but likely
highly migratory
considering its range
expansion

Considered a
“summer
spawner”, May August, gravel
shoals, sand, mud
swept clean of
detritus 20.123.2°C
Late spawner –
June - August
Late May – August
– considered a late
spawner,
Late May-midAugust – able to
spawn in high
temperatures – up
to 37°C, in summer

Prolonged
Swim
Speed
1
(ft/s)

May migrate long
distances to find
suitable spawning
conditions
Migrate upstream
from deeper pools
where they overwinter

3.8
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Species

Fall
2011

Northern Redbelly
Dace

Hist
X

X

Bluntnose Minnow

Fathead Minnow

X

Longnose Dace

X

Creek Chub

X

X

Quillback

X

X

White Sucker

X

X

Black Bullhead

X

X

Brown Bullhead

X

Channel Catfish

X

Stonecat Madtom

X

Tadpole Madtom

X

Northern Pike

X

X

Trout Perch

X

X

X

X
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Spawning Time
Late May into
August, in algae
filaments – 21.126.7°C
May to August,
21.1 – 26.1°C, eggs
stuck to the
underside of any
flat object
May to August,
21.1 – 26.1°C, eggs
stuck to the
underside of any
flat object
Early, late April to
mid-June. 11.123.3°C
May – July 12.8°C17°, over course
gravel in currents
May – September
19.0-28.0 °C
April to early May
>7.2°C

Migration Behavior
Not in Becker

April – July, >21°C,
in mud or sand
June, July, 21-25°C,
sand, gravel, mud
April-October
>23.9°C

Nocturnal migrants

June-August,
>27.8°C, under
stones,
June-July, under
objects, in cavities
March – April 1.12.8°C
April-August over
/among rocks

Migrate from riffles to
deeper pools as
temperatures drop
Not in Becker

Prolonged
Swim
Speed
1
(ft/s)

Burst Swim
Speed
1
(ft/s)

Obligate , seasonal
migrations depending
on water depths and
temperatures
Obligate , seasonal
migrations depending
on water depths and
temperatures, pioneer
species
Move to areas of fine
gravel, swifter currents
Short upstream
migrations to suitable
habitats
Ascends small creeks
in spring
Migrates upstream to
spawn

2.6

1.6

4.8-6.4

2.1

6.3-8.4

2.3

6.9-9.2

Preferred
Depth (ft)

Preferred
Velocity (ft/sec)

Preferred
Substrate

(A) 0.50 -1.50
(Y) 0.16 - 0.66

(A) 0.00 -1.64
(Y) 0.16 - 0.66

(A) sand, gravel, silt
(Y) sand, gravel, silt

(A) 0.33 - 0.98
(Y) 0.16 - 0.66
(spawn) 0.66 - 1.31

(A) 0.00 - 0.82
(Y) 0.00 - 0.49
(spawn) 0.49 - 0.98

(A) gravel, rubble, boulder
(Y) silt, boulder, sand
(spawn) gravel, rubble,
cobble

(A) 0.16 - 0.82
(Y) 0.00 - 0.49
(spawn) 0.33 – 0.82
(A) 0.82 - 2.13
(J) 0.66 - 1.15
(Y) 0.16 - 0.82
(A) 3.28 - 5.74
(Y) 0.66 - 1.31
(A) 3.28 -7.55
(J) 0.16 -1.15
(Y) 0.66 - 0.98
(J) 0.82 - 1.48
(Y) 0.98 - 1.64

(A) 2.46 - 3.77
(Y) 0.00 - 1.15
(spawn) 1.48 - 1.97
(A) 0.33 - 1.64
(J) 0.16 - 0.82
(Y) 0.00 - 0.49
(A) 0.00 - 1.64
(Y) 0.00 - 0.33
(A) 0.33 -2.46
(J) 0.66 - 1.97
(Y) 0.82 -1.64
(J) 0.33 - 0.98
(Y) 0.00 - 0.16

(A) rubble, cobble, boulder
(Y) gravel, cobble, rubble
(spawn) gravel, cobble, sand
(A) boulder, cobble, gravel
(J) silt, gravel, sand
(Y) sand, gravel, silt
(A) gravel, sand, boulder
(Y) sand, detritus, boulder
(A) gravel, boulder, sand
(J) rubble gravel, coble
(Y) gravel, detritus, rubble
(J) rubble, gravel, silt
(Y) silt, cobble, gravel

(A) 1.64+
(J) 2.46 - 8.20
(Y) 0.33 - 2.46

(A) 0.00 - 0.33
(J) 0.00 - 0.33
(Y) 0.49 - 1.48

(A) boulder, sand, rubble
(J) sand, boulder, gravel
(Y) bedrock, gravel, sand

(A) 0.66 - 1.31
(J) 0.16 - 0.82
(Y) 0.00 - 0.33
(A) 0.82 - 2.46
(Y) 0.66 - 1.64
(A) 1.64 - 3.61

(A) 1.64 - 4.27
(J) 2.13 - 4.27
(Y) 1.64 - 2.62
(A) 0.49 - 1.64
(Y) 0.00 - 0.49
(A) 0.00 - 0.33

(A) boulder, rubble, cobble
(J) boulder, rubble, cobble
(Y) cobble, gravel, boulder
(A) sand, gravel, silt
(Y) detritus, silt, boulder
(A) silt, detritus, sand

No mention in Becker
Random feeding
movements.
Movements to and
from wintering areas

Migrations to
spawning areas
Evening migration
upstream

1.5

4.5-6.0
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Fall
2011

Brook Stickleback

Hist
X

Spawning Time
April-mid-June,
~15°C

White Bass

X

April – June 12.526.1°C

Rock Bass

X

Orangespotted
Sunfish

X

Late May, early
June ~20°C
May to August
begins at ~19°C

Bluegill

X

Late May to early
August, >20°C
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Migration Behavior
Move from deep cold
water to warm, build
nests of debris
Homing to spawning
areas, extensive
feeding movements
Moves to shallow
water, circular nests
Small nests in colonies

Prolonged
Swim
Speed
1
(ft/s)

Burst Swim
Speed
1
(ft/s)

3.8

11.7-15.6

Preferred
Depth (ft)
(A) 0.66 - 0.98
(Y) 0.82 - 1.64

Preferred
Velocity (ft/sec)
(A) 0.16 - 0.33
(Y) 0.00 - 0.16

Preferred
Substrate
(A) boulder, detritus, silt
(Y) detritus, silt, sand

(Y) 1.31 - 2.46

(Y) 0.16 - 0.49

(Y) boulder, sand, detritus

(A) 0.82 - 2.46
(Y) 2.95 - 3.77
(A) 0.82 - 1.97
(Y) 0.82 - 1.48
(spawn) 1.64 - 2.30

(A) 0.00 - 0.16
(Y) 0.00 - 0.16
(A) 0.00 - 0.33
(Y) 0.00 - 0.33
(spawn) 0.66 - 1.31

(A) bedrock, boulder, cobble
(Y) silt, sand, gravel
(A) cobble, bedrock, boulder
(Y) boulder, sand, cobble
(spawn) boulder, detritus,
gravel
(A) detritus, boulder, cobble
(J) gravel, cobble, silt
(y) detritus, silt, gravel
(A)silt, rubble, sand
(J) detritus, boulder, rubble
(Y) silt, detritus, cobble

Move to shallows,
3.3-4.2
(A) 4.92+
(A) 0.00 - 0.16
colonial nests swept
(J) 0.66+
(J) 0.00 - 0.49
out by males
(Y) 0.82 - 1.64
(Y) 0.00 - 0.16
X
Usually May - June,
Nests in sand, fine
(A)8.37 - 9.84+
(A)0.00 - 0.33
Black Crappie
~18°C
gravel, or muddy
(J) 2.62+
(J) 0.00 - 0.66
bottoms
(Y) 7.38+
(Y) 0.00 - 0.16
X
Late April to midMove from deeper
Iowa Darter
June
waters to shallows
(A) 0.49 - 2.46
(A) 0.00 - 0.16
(A) detritus, silt, boulder
around mid-March
X
Shortly after iceCan migrate long
3.8
(A) 1.64 - 2.13
(A) 0.49 - 1.15
(A) silt, sand, gravel
Yellow Perch
out, April, early
distances, random
(J) 1.64 - 3.28
(J) 0.00 - 0.66
(J) detritus, sand, gravel
May
spawners, no nests
(Y) 0.16 - 1.64
(Y) 1.48 - 2.62
(Y) detritus, boulder, sand
X
X
April -June, ~17°C
Migrates from deeper
(A) 20-50
(A) 0.33 - 1.64
(A) boulder, gravel, sand
Blackside Darter
pools to raceways w/
(Y) 10-40
(Y) 0.33 - 1.80
(Y) boulder, gravel, sand
moderate current,
X
April - May 6.1Downstream
Sauger
11.7°C
movements probably
related to spawning.
X
X
Adult-learned homing
3.3
9.9-13.2
Walleye
March – April 3.3to spawning areas.
(A) 4.27+
(A) 0.16 - 0.82
(A) boulder, rubble, gravel
6.7°C (preDispersal, possible
(J) 2.79+
(J) 0.16 - 0.49
(J) bedrock, gravel, rubble
spawning move) 5homing to summer
(Y) 3.44 - 5.74
(Y) 0.00 - 0.16
(Y) silt, sand, cobble
10°C (spawning)
feeding areas.
(spawn) 1.31 - 2.30
(spawn) 1.31 - 2.30
(spawn) gravel, sand, cobble
X
X
May-June 18.9Possible upstream pre(Y) 0.98 - 2.46
(Y) 0.16 - 0.49
(Y) detritus, sand, gravel
Freshwater Drum
22.2°C
spawning movements
1
As stated by Wilcox et al. (2004), prolonged swim speeds can typically be sustained for a period of time ranging from 15 seconds to 200 minutes. Burst swim speeds are typically 3 to 4 times greater than
prolonged swim speeds and usually are sustained no longer than 15 seconds. The reliability of the experimentally determined swim speeds and their applicability to UMR fishes is limited by the species
tested, sizes and numbers of test fish, water temperatures used during the swimming performance tests, and statistical results of the swimming performance trials. For the species that this information is
available, these swim speeds should be treated with caution
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K2.2 Aquatic Habitat Connectivity
Connectivity is an important attribute of aquatic habitat for river fishes. Connectivity refers to the
continuous nature of aquatic habitats in main channels, floodplain water bodies and tributaries. Natural
rivers contain a heterogeneous mosaic of aquatic habitats that are very dynamic in both a spatial and
temporal sense. River habitats can substantially vary over scales from short- (e.g., flood events) to medium(e.g., seasonal) or long-term (annual, decadal, or longer). Fish in rivers have evolved migratory and life
history strategies that take advantage of these complex, changing riverscapes.
Habitat connectivity is important in terms of fulfilling seasonal and life-stage specific habitat needs for river
fishes. Fish undergo alimental (food procurement), climatic (seasonal habitat movements), and gametic
(reproduction) migrations in rivers (McKeown 1984). For some time, biologists (e.g., Fauch et al. 2002;
Schlosser 1991) have identified refinements regarding migrations that are common features of fish life
histories including migrations that occur between different feeding habitats, and migrations associated with
refugia during catastrophic events such as floods, droughts, and extreme water quality conditions (i.e., high
temperature, low dissolved oxygen).
Agencies have always supported the idea that fish passage be provided across the widest range of
conditions practicable. For example, fish passage during floods is important as fish often move in response
to pulse events, particularly during spring floods. The Fargo-Moorhead project has strived to provide fish
passage during all but the largest flood events. Fish passage into the lower diversion outlet is justified
provided project costs do not substantially increase. Coordination with the project team has previously
suggested that fish passage during floods would not be problematic at this site as Red River elevations
would typically rise up to the level of the diversion channel.
Dams and similar structures reduce the connectivity of aquatic habitat by restricting movement of river fish.
Impeded fish movements resulting from dams have been implicated in altering fish community structure
and declining fish populations in rivers throughout the world (Northcote 1998; Pringle et al. 2000).
Restrictions on movements of migratory fish in a river system can potentially limit the extent and quality of
habitats that they can occupy. Effects of reduced access to habitats can be expressed at the individual,
population, and community levels. Further, it is commonly accepted that impeding migrations that
freshwater fish use to optimize growth, reproduction and survival can ultimately affect fish production
(Northcote 1978). Reduced access to prime foraging habitat can result in greater expenditure of energy for
foraging and reduce growth of individual fish. Reduced access to suitable winter habitat can limit winter
survival. Restrictions on movements of migratory fish can have significant adverse effects on pre-spawning
movements, can limit access to suitable spawning habitats, and limit the size of spawning aggregations.
Species known from the Rush and Lower Rush rivers that likely perform regular migrations include, but are
not limited to, quillback, white sucker, channel catfish, northern pike, white bass, walleye and freshwater
drum. In addition to the tributaries in the study area, tributaries throughout the basin may have fish
populations that migrate back and forth from the Red River. Aadland (2010) provided approximate
migration periods for select Red River fishes. For the fish identified, migrational periods on the Red River
would be expected to occur over a period of a month or more. Key Red River species of concern include
lake sturgeon and channel catfish. Lake sturgeon would be expected to migrate from early- to mid-May thru
mid-June. Channel catfish would be expected to migrate over a period of a couple months, generally from
May through early July. Aadland (2010) noted channel catfish migrations on the Otter Tail (a tributary just
north of the study area) in 2004 began in late-April. However, he observed that the largest individuals (600
mm and larger) were captured in July. Aadland (2010) noted these large fish were likely spawners and the
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late migration of large individuals could have significant ramifications for catfish populations. Thus,
migration during these summer months could be particularly important for these species.

K2.3 Nature-Like Fishway

Fishways are structures that allow fish to pass barriers and are designed to provide hydraulic conditions
suitable for fish to pass the obstruction without undue stress, delay or injury. A nature-like fishway is a
broad term for several styles of structures constructed with natural materials - rock being the most
common. Nature-like fishways have proven effective for a wide range of fish species with varying swimming
abilities (DVWK 1996; 2002; Gaboury et al. 1995). The purpose of these nature-like fishways is to simulate
natural river channels. In addition to improving fish passage past dams or other obstructions, nature-like
fishways provide benefits for many aquatic organisms, such as a food source for fish; Figure K2-1 is a
conceptual layout of the proposed natural fishway. Note that, although rock riffles are not common on the
Red River mainstem, the key to the design is that the small drops down the ramp are built to a height that
gives fish the opportunity to rest between each drop. Aadland (2010) described the advantages of
emulating natural channel geomorphology and materials in a fishway as:
1. Fish react to complex current and bathymetry cues, and channels similar to natural channels are less
likely to cause disorientation than channels that are not.
2. Natural channel design allows fishways to provide important spawning habitat as well as passage.
3. Use of natural substrates, rather than concrete or other smooth materials, provides roughness and
interstitial spaces that allow small fishes and benthic invertebrates to pass and, in many cases,
colonize the fishway.
4. A fishway built with natural channel design techniques provides habitat that in some cases may be
rare due to reservoir inundation.
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Figure K2-1. Conceptual Layout of Full-Width Rock Ramp Fishway.

Nature-like fishways are gradually sloping open channels with a rough bottom or a series of riffles and pools
(Wildman et al. 2003, Acharya et al. 2004). The closer a nature-like fishway matches the morphological
characteristics of natural river habitat for the species present, the less likely hydraulic conditions will reach
thresholds that limit fish passage (Parasiewicz et al. 1998). Nature-like fishways have proven effective for a
wide range of fish species with varying swimming abilities (Katopodis and Aadland 2006).
Rock ramps are nature-like fishways that simulate conditions of natural rapids. Rock ramps can be
constructed to create continuous rapids where most of the ramp is fairly turbulent and has higher velocities
or they can be constructed to create pool/riffle conditions where the head loss occurs at steps with resting
pools in between those steps. Rock ramps have been used effectively to restore lake sturgeon spawning
habitat (Aadland et al. 2005) and enhance macroinvertebrate communities (Litvan et al. 2006).
In addition to improving fish passage, nature-like fishways can also provide year-round habitat for fish and
macroinvertebrates adapted to higher gradient river conditions. Rock riffles may provide important
spawning habitat for a number of native species (Wilcox et al. 2004). Riffles provide a boundary layer very
near the streambed or other surface that has zero or very low flow and a viscous sublayer (Vogel 1994) that
combine to form a three dimensional flow microenvironment that is critical to the recruitment of microbes
and invertebrate larvae to surfaces of all kinds (Nowell and Jumars 1984). Edwards et al. (1984) reported
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higher total macroinvertebrate densities on artificial riffles; however these densities can vary annually
(Walther and Whiles 2008).

K2.3.1 Design Criteria

The rock ramp fishway being considered consists of pool/riffle structures. The riffles serve as the steps of
the fishway. For example, the pool and riffle details shown below (Figure K2-2, Figure K2-3, Figure K2-4)
illustrate a rock ramp that drops roughly 10 feet in elevation over approximately 500-foot of the structure
at the centerline. The riffles are designed with 4H:1V slopes (or flatter) from a geotechnical standpoint, and
a riffle top length of 5 feet to ensure stability, with more than 2 feet of depth between the boulders at the
riffles. The space between the boulders would be graduated from tightly spaced near the shores to wider
gaps between boulders in the middle of the fishway. This creates lower flow areas near the bank and higher
flow areas in the middle to accommodate the swimming ability of both small and large fish. The bed of the
fishway would have an elliptical shape; being deepest in the middle section of each riffle. The layout of the
riffles extends across the bottom of the fishway and may extend slightly up the side slopes. While curved
riffles were evaluated for structure layouts during the study phase, other layouts could be as successful.
It should be noted that straightening the shape of the riffles may oversimplify the velocity profile created by
the riffles, making the fishway less suitable for passing both large and small fish. Fish orient their body in
flowing water using the helical flow pattern found in channels to identify the upstream direction and using
current breaks (eddies) for resting and feeding. The arched configuration with the associated complex flows
through the riffle step is desirable in emulating a natural stream and has been effective in other fishways. In
the example, the pool between the riffles was designed to be 20 feet in length at 5 feet deep to ensure that
there is adequate resting room for fishes before and after each riffle passage. Ideally, the slope of any
nature-like fishway would be gradual, with few very low vertical drops and bed materials to replicate the
riverbed found below the dam (Wilcox et al. 2004).
The general design to date follows the same concept of many fish passageways previously designed and
built by USACE, St. Paul District. In coordination with agency partners the desire for fish passage design
criteria has been to not focus on individual species, life stages or burst speed requirements. Rather, the
focus has been on providing a range and diversity of hydraulic conditions that would likely meet the
broadest range of conditions needed for fish passage. This has included focusing on key design parameters
such as general slope across structure length, drop at individual rock weirs, boulder size and spacing, pool
depth between weirs, etc. Agency representatives believe this has resulted in many successful projects.
While modeling can be performed to compare potential velocities to swim speed performance, resource
agency preference will likely focus on providing this diverse range of hydraulic conditions. Monitoring
following construction will help verify the effectiveness of this design approach. This can include how fish
passage compares to both modeled and observed velocities across a range of flow conditions. The next
design phase will consider whether detailed assessment of modeled velocity and swim speed performance
of select species is warranted. More specific design detail will be provided in future report phases.

K2.3.2 Size

In general, the more a fishway recreates the natural habitat of a species the greater the likelihood that
species will be able to use the fishway. Velocities will be similar to that of natural river conditions so that
fish will be able to use the fishway as if it was part of the original stream. Larger fishways would be a benefit
to the project. A larger fishway could pass more fish, could have greater attracting flows, and could be less
likely to behaviorally deter fishway usage due to crowding. A smaller fishway could form a bottleneck for
fish and could make the fish vulnerable to predation by birds.
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Figure K2-2. Pool and riffle design.
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Figure K2-3. Pool Riffle Section.

Figure K2-4. Rock Ramp Section.
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K2.3.3 Operation and Maintenance

The site will be inspected annually to determine if the structure is meeting the project goals and
objectives. If these inspections determine that debris within the structure is impacting fish passage, then
work on debris removal within the structure. This does not include debris removal after a major event,
which would fall under the area of rehabilitation.
•

The rock ramps evaluated for this project were of a pool and riffle design, with a rock bottom.
Details for these designs are shown in the plates attached to this report.

K2.3.4 Pre- and Post-Project Monitoring
Monitoring will be performed post-construction to assess fish migration through various project features,
including Red and Wild Rice river control structures, aqueducts and other features. Monitoring activities
specific to this fish passage feature will be considered within the context of overall fish passage
monitoring for the entire system. The exact methodology for assessing this issue is under discussion, but
could include activities such as electro-fishing, netting and/or radio telemetry. Netting could be done
immediately above a feature and would provide insight into which species are able to migrate through
these features. Netting is a fairly easy and inexpensive method to use to evaluate whether fish are able to
pass through project structures. However, it is not as complete as radio telemetry work. Conversely,
radio telemetry could be used to assess how many fish approach the identified structures, and what
portions of those fish are able to migrate through these features. This information would be extremely
beneficial for not only assessing fish movement through project structures, but also providing general
knowledge on effectiveness of features like fish passage channels and nature-like fishways that have not
been evaluated in great detail.
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