Ox bow
R ESTORAT I ON TO O L K I T

The creation of this toolkit was funded by the Resource Enhancement and Protection Conservation Education Program (REAP CEP). The toolkit and its creators do not guarantee
the ‘success’ of restoration projects and are in no way liable for any projects created by using this toolkit. We assume users have background education in a natural resources
management field, experience implementing restoration projects, will seek technical assistance when questions or uncertainty arises, and will implement oxbow restorations
to address specific resource concerns or conservation objectives. Although the toolkit offers best practices for oxbow restorations, information is subject to change – make
sure to check for up-to-date standards, permits, and practices. Please also reach out to the developers to provide feedback and ideas for improvement during future updates.
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INTRODUCTION
Rivers are dynamic landscape features that change course
over time, naturally and as a result of human influences,
resulting in river meanders cut-off from stream channel.
These cut off river meanders, known as ‘oxbows’ are
usually ‘U’ shaped and generally are in greater abundance
in downstream reaches.

Using the tools and procedures

referenced in this toolkit, we estimate some individual prairie
streams have more than 400 oxbows of varying size and
condition, so it’s conceivable there are tens of thousands of
oxbows across Iowa’s landscape. However, that doesn’t mean
that all oxbows need to be restored. Oxbows naturally fill
in with sediment from runoff and stream erosion, evolving

N AT U R A L LY F O R M E D OX B OW

from oxbow ‘lakes’ to oxbow ‘wetlands’ to barely detectable
‘scars’. They are, in fact, nature’s natural sediment collection
basins within river floodplains and the Iowa DNR estimates
“Approximately 40,000 acres of river oxbows and overflow
wetlands are associated with Iowa streams.”. However, oxbow
formation and sedimentation is believed to have accelerated
since European settlement due to runoff from agricultural
fields, drainage improvements (e.g., channelization, dredging,
tiling, etc.), and development (e.g., building and maintaining
roads and infrastructure, etc.). As sediment (also known as
post-settlement alluvium) is deposited in oxbows, floodwater
retention decreases, water quality benefits can be lost, and
fish and wildlife habitat can be degraded. Fortunately, this

A R T I F I C I A L LY C R E AT E D OX B OWS

means there is a great opportunity to restore oxbows when
the goal is to increase floodwater storage, improve fish
and wildlife habitat, and/or improve water quality. Indeed,

excavated to create an oxbow-like habitat where there

restored oxbows are now being recognized for their broad,

is no historical evidence of a meander. This toolkit is

multiple benefits as indicated by the addition of oxbow

not intended to be a guide for oxbow creations. The

restoration as a practice in the Iowa Nutrient Reduction

purpose of this toolkit is to provide conservation service

Strategy (on average, restored oxbows achieve >40% nitrate

providers (CSP’s) with all the tools, resources, and

reduction). As an added benefit, oxbow restorations are

knowledge needed to complete an oxbow restoration

relatively easy to plan and implement compared to other

from start to finish to increase the implementation of

conservation practices.

oxbow restorations as a multi-purpose practice in Iowa
and beyond. This toolkit is meant to function as a step-

Oxbow ‘restoration’ consists of removing post-settlement

by-step guide. Although the toolkit offers best practices

alluvium (aka sediment deposited since European settlement)

for oxbow restorations, information is subject to change

from an oxbow scar to return the oxbow to its original

– make sure to check for up-to-date standards, permits,

or enhanced condition and results in improved aquatic

and practices.

resource functions. Oxbow ‘creation’ occurs when an area is
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OX B O W R E S T O R AT I O N P R O C E S S

D E V E L O P E R C O N TAC T I N F O R M AT I O N
The Nature Conservancy – Iowa Freshwater Specialist
505 5th Avenue, Suite 630, Des Moines, IA 50309 • 515.244.5044 • iowa@tnc.org
U.S. Fish and Wildlife Service
Iowa Private Lands Office 9981 Pacific Street, Prairie City, IA 50228 • 515.994.3400
Union Slough National Wildlife Refuge 1710 360th Street, Titonka, IA 50480
Iowa Department of Agriculture and Land Stewardship – Division of Soil Conservation & Water Quality
502 E. 9th Street, Des Moines, IA 50319 • 515.725.1298
Iowa Soybean Association - Research Center for Farming Innovation
1255 SW Prairie Trail Pkwy, Ankeny, IA 50023 • 515.251.8640
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STE P 1 :

MAPPING AN D ID
Summary: Finding potential oxbow restoration sites is the first step in the
restoration process. Being able to identify and map priority areas or possible
locations gives you the ability to target your outreach program and more
efficiently manage your time. Understanding how oxbows are created will help
you refine your eye when searching for them on the landscape. Oxbows can be
created by streams moving through the landscape and cutting off meanders
or by human alterations of the stream (e.g. stream straightening, levees, and
creation of roads). There may be opportunities to “create” oxbows where historic
oxbows are not present, however this toolkit focuses on identifying, restoring,
and/or enhancing existing oxbows.
The most accurate way to map potential oxbow restoration sites is to compare
current and historic aerial imagery maps (e.g. 1930’s – present) to locate areas
where the river has changed or cut off meanders 1; however, these maps may not
show oxbows that were created prior to available aerial imagery. Using GIS layers
like lidar and 2’ contours gives you the opportunity to search for depressions
along stream corridors and their floodplains that may not be visible from
imagery; however, these maps may miss oxbows that are currently completely
filled in with sediment 2. Therefore, it’s best to use a combination of spatial data
(aerial, lidar, and contour layers) to search for and identify oxbows.
An oxbow mapping tool, created by Iowa State University, can be used if your
watershed already has Agriculture Conservation Planning Framework (ACPF)

THE SAME STREAM IN
T H E 1 9 3 0 S VS . P R E S E N T

modeling data 3, 4. One thing to note is this tool is not 100% accurate and has its
limitations, so using both methods to ID potential sites is recommended.

R E AD M O R E

Checklist:
Identify potential restoration sites using GIS, current and historic aerial
imagery, LiDAR, and/or the National Wetland Inventory “wetland mapper” 5.
Place a point or polygon where you find potential sites.
Overlay county parcel information to collect landowner information 6.
Identify possible reference sites that you may want and be able to visit
during your Site Visit.

M A P P E D P OT E N T I A L
OX B OWS

R E AD M O R E
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CONTINUED

ST EP 1: M A P P I N G A N D I D
Include details about the site in your attributes table such as:
Location (latitude, longitude, legal description, etc.)
Landowner name and contact information
Size of potential restoration (acres, length, width)
Prioritization or ranking:
• Located in a priority watershed
• Proximity to threatened/endangered species
or species of greatest conservation need that
would benefit from oxbow restoration
• Potential stability of site based on its location
relative to the current stream channel, floodway, and adjacent runoff
(e.g., oxbows on inside bends have less risk of leading to channel changes)
• Past, future, and current landuse (crop, grazed, idle, etc.)
• Evidence of oxbow not holding water in average and dry years (less/no water may indicate greater
need for restoration)
• Number of trees that need to be removed (tree removal greatly adds to cost of restoration)
• Evidence or suspicion of tile or culvert outlets (may indicate opportunity to achieve water quality benefits and/or
additional challenges of working at a particular site)
• Amount of sediment deposited in oxbow (see survey; substantial sediment equates to greater opportunity to improve
floodwater storage, increase water residence time and thereby improve water quality post-restoration).
• Current oxbow function within the landscape context (e.g., prioritize restoring oxbows that are most degraded based
on current function/habitat vs. desired function/habitat vs. Reference site function/habitat)
• Landowner wildlife observations and/or survey information on the quality of vegetation, wildlife, and function (note:
an “oxbow quality index” tool is being developed that could help assess oxbow quality, especially those restored to
benefit Topeka shiner) 7.

Resources:

Historic aerial imagery and other GIS files and tools 1, 2, 8, 9, 10
Oxbow Mapping Tool and User Guide 3
County parcel data 6
Landowner contact information 11, 12
NRCS Engineering tools 13
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STE P 2 :

LAND OWNE R O U T R E ACH
Summary: Landowner outreach is essential
for cultivating landowner interest in restoring
degraded oxbows. Most landowners will likely not
know they have an oxbow on their property, let
alone what an oxbow is or if it’s restorable. There
are many different tools to raise awareness of the
benefits of restored oxbows depending on your
intended audience. Messaging should focus on
the multiple benefits that restored oxbows can
provide for water quality, floodwater storage,
wildlife habitat, livestock, improved aesthetics, and
for increasing the conservation value of the land.
The list and examples below are intended to give
you an idea of the types of outreach techniques
that have proven to be successful. Please feel free
to use the examples below in your own outreach
efforts or personalize them to your own projects.

Checklist:
Invite the landowner to join you to the potential restoration site to talk through all options and their interests.
Be prepared to answer FAQ’s (see Learning) about oxbows and what Funding exists.
Outreach targeted to landowners with potential oxbows:
• Personalized letter 14
• Generic letter 15
• Phone calls
• One-on-one meetings at the site or your office
Outreach for the general public:
• Field days
• Presentations at meetings or conferences 16, 17
• Brochure 18
• Newspaper articles 19
• Websites and social media 20, 21
• Share resources with partner organizations who can help
promote (ag retailers, ISU extension, NRCS, etc.)
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STE P 3:
SITE V IS IT

Summary: If a potential oxbow restoration has been identified and the
landowner has expressed an interest in restoration, you are ready for a
site visit. Ensure you have permission to visit the site from the landowner
and tenant, and invite them to meet you at the site to discuss options. The
purpose of the site visit is to gather information about the site, oxbow,
and landowner. Information gathered will help you evaluate if a project is
feasible and will meet the objectives of the landowner, address resource
concerns, fulfill funding source requirements, and determine permit
requirements. Site visits will also give you information to prepare for
survey, design, and permits. This might require multiple visits depending
on schedules, timelines, time of year, etc.

The visit can be broken down into two main parts:
1) Prepare maps that will be useful for understanding the site and preparing for survey and design.
2) Discussion with landowner to establish their short- and long-term goals for the oxbow and property, expectations, resource
concerns, and site history.

Checklist:
1) Prepare maps that will be useful for understanding the site:
A zoomed in Project Map to provide location and details of the oxbow and surrounding area. In addition to aerial satellite
imagery, also consider incorporating other layers into you maps including floodplains, elevation information (Lidar or contours),
national wetlands inventory, tile and drainage infrastructure, and soils 1, 2, 5. Maps should be used in the field to help identify:
Exact location of the oxbow
READ MORE

Stability of the site
READ MORE

Potential stream connections to the oxbow
READ MORE

Potential excavated spoil storage areas
READ MORE

Tile and drainage infrastructure
READ MORE

Sensitive areas or species
READ MORE

Tree removal areas and where to dispose of them
READ MORE

Hydrology inputs and outputs
READ MORE

A general Site Map to provide a general overview of how the oxbow project fits in with the landscape and
farming operations. Maps should be used in the field to identify:
• Property boundaries
• Potential heavy equipment access points and drives to oxbow and spoil sites
• Potential spoil storage areas
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CONTINUED

ST EP 3 : S I T E V I S I T
2) Information to collect from landowner:
What is the current and future land use?
What are the landowner’s goals for the property and does oxbow restoration fit into those long-term goals?
Does landowner have sole authority to make land management decisions? If not, who else do we need to be talking to?
Where should excavated spoils be placed?

READ MORE

Does oxbow hold water year-round? Does it freeze solid to the bottom annually or dry out annually? Can fish survive yearround? How frequently does it flood (ask landowner and/or use Iowa Flood Risk Map to predict)22?
What features or benefits would the landowner like to have? Recreation, water quality improvement, habitat benefits,
livestock watering source, etc.?
Where are the nearby tile drainage lines? Are there opportunities to intercept tile drainage? Are there tile maps? How deep
are the lines?
How large should we consider the restoration? Restore the whole length of the oxbow or consider restoring only a portion
of it for logistical, function, or funding reasons?
Any priority species that need to be considered (e.g., Topeka Shiner, Northern long-eared bat, etc.)?

READ MORE

Are any oxbow restoration activities on land that is currently enrolled in a conservation program or Right-of-Way? If so,
contact lead agency to ensure activities are allowable.
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STE P 4:
FUNDIN G

Summary: It is important to consider funding opportunities when
planning an oxbow restoration project because oxbow restoration
costs can vary greatly by location, watershed, and design. Providing
information on cost-share opportunities to the landowner is a
key component to consider in the conservation planning process.
Each funding source will have its own set of requirements, so it is
important to identify which funding source will be utilized early in
the process. The funding source(s) used may also influence design
and permits.
Fortunately, there are many state, federal, and private programs
that provide funding for oxbow restorations. Program eligibility can
vary due to geographic location, area resource concerns, presence
of watershed projects, etc. As conservation professionals, it is our
responsibility to work with the landowner to determine their goals,
evaluate resource concerns, determine program eligibility, and
present the landowner with funding opportunities. In many cases, it

BEFORE

is possible to leverage multiple funding sources for a single project/
landowner, but always verify program eligibility with the lead agency.
Please note that if federal funding is associated with the design,
land acquisition, or construction, the site cannot be used for any
mitigation.

AFTER

Checklist:
Meet with landowner to evaluate site and discuss goals (see site visit).
Evaluate program eligibility (see list below) for the site.
Provide landowner with conceptual Design and potential funding opportunities.
Depending on the program, consider requesting the landowner fill out a cost-share application, and discuss
associated maintenance agreements and contracts.
Encourage communication with appropriate agency/agencies to ensure all Permitting, planning, Design, and
construction phases are completed in the necessary order to meet eligibility requirements.
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CONTINUED

ST EP 4: F UN D I N G
Resources:

Natural Resources Conservation Service (NRCS)
• Environmental Quality Incentives Program (EQIP) – multiple practices including 657 Wetland Restoration 25
• Mississippi River Basin Initiative (MRBI) – uses EQIP rates 26
• Regional Conservation Partnership Program (RCPP) – uses EQIP rates 27
• Agricultural Conservation Easement Program (ACEP) – Wetland Reserve Easement (WRE) 28
• Emergency Watershed Protection Program – Floodplain Easements (EWP-FPE) 29

Farm Service Agency (FSA)
• Conservation Reserve Program – CP23 Wetland Restoration 30

U.S. Fish and Wildlife Service (USFWS)
• Partners for Fish and Wildlife Program – Up to 100% for oxbow restoration in priority reaches; can be combined with
cost-share from most organizations, except for mitigation projects 31

U.S. Army Corps of Engineers (USACE)
• Section 206 32
• Stream Mitigation 33

Iowa Department of Agriculture and Land Stewardship (IDALS)
• Water Quality Initiative (WQI) - Multi-purpose oxbow (tile-drained) – 50% construction and materials cost 34
• Urban Water Quality Initiative (WQI) projects – 50% construction and materials cost 34

Iowa Department of Natural Resources (DNR)
• State Revolving Fund 35
• Resource Enhancement and Protection (REAP) 36
• Local Water Protection – Low interest loan
• General Non-Point Source – Low interest loan
• Sponsored Projects
• Fish Habitat Program 37

Private or local cost-share funding sources
(check with your local NRCS or SWCD office)
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STE P 5:
SURV E Y

Summary: The purpose of the site survey is to collect precise elevation data
to create a technically- and biologically- sound design. Elevation data is also
essential to calculate accurate quantities of soil to be removed and volume
of oxbow pool which are important components of design, permits, and
contractor and landowner agreements. A site survey form and map should be
created prior to the survey to identify required data to be collected. Doing so
maximizes the efficiency of the on-site survey and ensures important elevation
data are captured. It is also important to establish permanent photo points
during the initial site survey. Photos are useful to reference when creating the
design and can also be included with Permitting documents and reporting
requirements, as well as pre- and post- monitoring efforts.
The two most common methods for surveying an oxbow are a point survey or
a continuous topographic survey. Survey is usually completed using a surveytransit (grade rod and laser), total station (e.g. Trimble S6), or survey-grade GPS
equipment (e.g., Trimble R12); the choice may be influenced by what’s available
and/or site topography and canopy cover. Semi-permanent or temporary
benchmarks should be established and marked prior to implementing the site
survey for future reference and evaluation of site conditions post-construction.
Review and follow existing survey and design standards (as applicable)
whenever possible prior to conducting a site survey. It may be helpful to
upload a preliminary design sketch from GIS into GPS or ArcCollector to help
you identify the oxbow extents while in the field.

Below is a list of elevation data that should
be collected during the survey:
Semi-permanent benchmark (e.g. rebar pin with cap)
Temporary benchmarks (e.g. wooden hub)
A cross section at each substantial change in topography, or at least every 100 ft in the area of the oxbow
An oxbow centerline profile
Adjacent stream elevations, ideally taken near the downstream connection of oxbow:
• water elevation (note what stage the stream is at – high, normal, or low flow)
• stream bed elevation (at the thalweg or flow centerline and ideally on gravel, not sand/silt)
• stream top width (top of bank) and bottom width (toe of bank)
Elevation of drain tile, culvert, roads or berms that may influence the oxbow or vice versa
Spoil placement location (consider floodplain location and vegetation type)
Bankfull elevation and Base Flood Elevation (can be requested from IDNR via PERMT)
Soil cores of bed of oxbow to verify depth of
historic stream bed (i.e. depth to dig)
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CONTINUED

ST EP 5 : S URV E Y
Checklist:
Site map(s) depicting required survey point locations (See example Site Survey Form in Resources section), important
landscape features, and proposed photo point locations
Surveyor’s notebook (optional; can log elevation data in survey-grade equipment and/or on-site survey map instead)
Survey equipment (survey transit, total station, and/or survey-grade GPS equipment)
Sufficient elevation data to create the design (See list above)

Resources:

NRCS Engineering Field Handbook
Chapter 1 – Surveying 38
Topo Survey with Trimble R8 and import
data for use in ArcGIS 39
Intro to Wetland Restoration and basic
laser level surveys 40
Tutorials and resources on survey and
design 41, 17
Example Survey 42
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STE P 6 :
D ESIG N

Summary: The design of an oxbow restoration should correspond to the primary goals of the project (e.g., water quality,
fisheries – such as an emphasis on quality Topeka shiner habitat, waterfowl or other wildlife habitat, floodwater storage, etc.)
and should result in habitat that is similar to intact oxbow/riparian habitat (i.e. ecological reference), ideally within the same
watershed. Work with the landowner to determine the most important goals and state the goals as specifically as possible in
the project documents (e.g., contractor and landowner agreements, designs, permits, etc.). Other important considerations to
developing a technically- and biologically- sound design are historic (ideally 1930s), current, and future oxbow/riparian habitat
function, condition, and land-use (view as a continuum/trajectory). Your prior landowner outreach, site visit, and survey should
all inform the design.
In Iowa, oxbow restoration design should follow existing conservation practice standards, such as the NRCS Wetland Restoration
(Practice Code 657) standard 43. Post-restoration seeding of native species should also be completed in all disturbed areas
and/or spoil areas and can follow the NRCS Critical Area Planting (Practice Code 342) standard (44) whenever possible and
appropriate. Pollinator plantings should be considered when possible. If a connection channel will be constructed and/or tree
clearing will be required, follow the NRCS Grade Stabilization Structure (Practice Code 410) and NRCS Land Clearing (Practice
Code 460) standards, respectively. In Iowa, meeting or exceeding NRCS standards will fast-track floodplain Permitting 45, 46.
If you are planning to restore an oxbow within the range of Topeka shiner, click “Read More” below for additional design
requirements and enhancements (note: also see permitting) 47.”

R E AD M O R E

The complexity of an oxbow restoration design will vary on a site-by-site basis and will depend on the goals of the project.
Best practice recommendations are as follows:
Depth: In general, most oxbows should be dug to the historic stream gravel-bed elevation, which can be found through
soil cores and through survey elevation data from the current adjacent stream. Enhancing for depth variability and uneven
bottoms will diversify habitat (including the vegetation community and structure) for fish and wildlife.
Width: The width and length of the oxbow should follow the historic shape and size based on what remains of the oxbow
in current topography or from historic aerial photos. It is recommended to dig the oxbow from one side, to minimize bank
disturbance. Restored bank width may need to be expanded from historic bank width to account for more gentle slopes and
incised streams.
Connection: Determine how active the floodplain is, how frequently the oxbow may connect with the stream, and if a
connection channel, on the downstream end of the oxbow, needs to be created or modified to accomplish the
oxbow restoration goals 51. If a sufficient natural connection exists between the stream and the
oxbow, on the downstream end of the oxbow, then likely no alterations will need to
be made to the connection during restoration.

R E AD M O R E

14

CONTINUED

ST EP 6 : D E S I G N
Tile: To maximize water quality and quantity benefits, it is recommended to intercept subsurface tile into restored oxbows
whenever possible. However, it is not recommended to intercept the outlets from other conservation practices such as
bioreactors.
Seeding: Native grasses and forbs should be seeded after restoration to benefit wildlife and stabilize the banks of the
oxbow. A quick growing nurse cover crop should be seeded with the native seed to quickly stabilize the banks and prevent
sediment erosion into the oxbow.
Trees: Consider restoration goals and resource concerns (e.g., was the site treeless historically, are anoxic events from
decaying leaf litter going to negatively affect target aquatic species, are there high quality trees to preserve, etc.), equipment
access, and costs in determining if tree removal is necessary and how many trees to remove. Also consider if felled trees
could be placed in the oxbow to achieve in-water structure or other wildlife habitat goals (e.g., turtle basking habitat; note:
placing woody debris in oxbows make post-restoration fish sampling more difficult and may require additional design
consideration such as the need for anchoring).
Designs should, at a minimum, include all elements requested in the floodplain application 52.
Plan view of project area (view looking down on the project)
At least 1 cross-section showing current and proposed elevations and slopes
1 profile (side) view showing current and proposed elevations (optional)

READ MORE

Proposed spoil placement locations
Quantity estimate for soil removal
Equipment access routes and staging areas
Elevations of other relevant features (e.g. tile, culverts, road, berms, etc.)
Connection channel dimensions

READ MORE

Location and dimensions of armored or grass spillway to prevent erosion
Tree clearing and pile locations
Re-seeding instructions
Relevant construction and material specifications
Relevant notes
Photos of current site conditions and reference site (optional)
Iowa One Call contact information to locate underground lines before you dig

Abandoned flood plain (terrace)

Active flood plain

Bankfull stage

Active flood plain

Active-channel stage
Natural levee

Natural levee

Thalweg
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CONTINUED

ST EP 6 : D E S I G N
Checklist:
Specifically identified and documented landowner and program goals
Reviewed and incorporated site survey data (as appropriate)
Reviewed and incorporated NRCS standards (as appropriate)
Submitted preliminary design to an engineer for review (if required by funding source)
Engineer reviewed and/or certified (“stamped”) design (if required)
Selected a native seed mix suitable for the site and compatible with the project goals

Resources:

Oxbow Design Template - Fillable PDF and DWG 53
NRCS Oxbow Standard Drawing 54
Iowa DNR River Restoration Toolbox – Practice Guide 4 - Oxbow 55
Connection Channel Design Example 51
Iowa Riverside Plant Selection Tool

56
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STE P 7 :
CO N TRACTS A N D L AND OW NE R AGR E E M E NTS
Summary: Contracts and/or landowner agreements are necessary documents whenever funding and/or technical assistance
are provided to implement an oxbow restoration, and they should clearly articulate expectations (including maintenance),
cost-share allocations, and duration.
Whether it be federal, state, non-profit or other local sources of cost-share funding, the respective agency, company or
partnership will likely want the oxbow restoration project to function as long as possible. In a majority of available programs
the landowner maintains ownership of the property and therefore may have some maintenance responsibilities.
Terms of contracts and agreements will vary in scope from agency to agency and are an important topic of discussion early in
the conservation planning process. It is imperative that the landowner understands their roles and responsibilities in making
sure the oxbow will continue to serve as a successful conservation project for years to come.
As conservation professionals, it is our responsibility to ensure the landowner understands the details of the agreements but
also to reassure them that conservation professionals are available to answer any questions or concerns they may have with
the project during and following restoration.

BEFORE

AFTER

Checklist:
Provide information on associated contracts, maintenance requirements, and landowner agreements.
Provide landowner with a draft or example contract/agreement language for review by himself/herself,
family, attorneys, accountants, etc.
Landowner(s) signs necessary paperwork
Documents are uploaded, recorded, copied, etc. to the official award/project file
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STE P 8 :
PERMITS

Summary: A variety of Federal, State, and local permits may be required to
restore an oxbow to ensure project activities and affects are documented,
negative effects to land, infrastructure, and wildlife are minimized, and regulatory
requirements are met. In Iowa, “construction, excavation or filling in streams,
lakes, wetlands, or on the flood plains may require permits from both the USACE
and Iowa DNR”57. Following established practice standards as applicable (e.g.,
NRCS, USFWS, IDALS, etc.; see design), established agency-specific procedures
for permitting, and developing a formal Landowner Agreement will streamline
the permitting process. However, permitting for projects in a floodplain can be
complex and applications often require multiple levels of governmental review.
There are also many different types of permits that correspond to different impacts
(floodplain construction, threatened and endangered species, storm water, etc.).
Although it’s up to the landowner (and their authorized representative) to ensure
all required Federal, state, and local permits are obtained, regulatory agencies
are willing to provide guidance to help landowners and CSP’s understand and
meet applicable rules.
In Iowa, it is most effective and efficient to use the online PERMT system to
determine if floodplain permits may be needed and, if so, to apply for permits by
submitting a Joint Application (also known as ‘Protecting Iowa Waters’ form)58. By
submitting a Joint Application using PERMT, the applicant is able to submit project
information simultaneously to:
A) the USACE for review under Section 404 of the Clean Water Act (including
compliance with other federal laws such as the Endangered Species Act for
projects in the vicinity of federally-listed T&E species and the National Historic
Preservation Act for projects that could affect Historic Properties, etc.) and,
B) the Iowa DNR Sovereign Lands Program for both Environmental Review
(including state-listed T&E species impacts) and review of Sovereign Lands
permitting criteria 59, and
C) the Iowa DNR Flood Plain and Dam Safety Section for review under state flood
plain management and dam safety rules regarding construction and permitting
criteria 60.
Additionally, projects that propose to disturb more than 1 acre of ground may

Best Practices:
1. Submit a Joint Application
through PERMT after reading
the Joint Application FAQs
at the bottom of the PERMT
website 58. It can take up
to 120 days to receive
permits after all required
documentation is received
by an authorizing agency.
2. Document permit
conversations and decisions
(written and oral) in the
project file and know
who to contact if project
circumstances change
before or during project
implementation. Permits
are required if a project may
affect a listed species or its
habitat, even if a project is
funded privately. Always
request an Environmental
Review from Iowa DNR
and contact USFWS if the
Information for Planning
and Consultation (IPAC)
results indicate federal trust
resources may be affected.
3. Contact the regulatory
agencies if you have
questions about any
permitting requirements.

require a separate application for a storm water permit from the Iowa DNR’s
Storm Water Program 61.
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CONTINUED

ST EP 8: P E RMI TS
Checklist (Note: it is up to the landowner and CSP to determine if AND which permits are required; the following list may or may
not be inclusive and is subject to change):

Determined if federal, state, or local floodplain permit(s) may be needed using the online PERMT system 58.
READ MORE

Exemptions 52.
READ MORE

Submitted Joint Application (using PERMT), or contacted the appropriate agencies, IF a Federal, State, or local permit may
be required 58.
READ MORE

Note: Procedures for review of applications 63
READ MORE

Note: USACE’s Nationwide or Regional Permits 64
READ MORE

Note: Federally Funded and/or Authorized (e.g., USACE and/or USFWS permits are required) Projects
READ MORE

Completed all Section 7 steps 68; following agency specific procedures, if available
READ MORE

		

Note: Privately-Funded Projects.
READ MORE

Determined if a local (county or city) permit is needed.
READ MORE

Received and reviewed all required permits, including terms, conditions, and reporting
requirements before restoration activities begin.
READ MORE
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CONTINUED

ST EP 8: P E RMI TS

Know who to contact if unexpected situations are encountered (e.g., cultural resource unearthed, oxbow connects to
stream during excavation allowing fish to enter the excavation area that need to be removed by a fisheries biologist, significant
alteration needs to be made to the design during excavation, etc.)
READ MORE

Completed all applicable post-construction reporting requirements
READ MORE

Resources:

Example Reporting and Pre-Construction Notification Letter (can be submitted with Joint Application or directly to
USACE and/or IA DNR) 69
Certificate of Completion Example (Note: Using the “Notification of Completion” function in Iowa DNR’s online
PERMT tool does not notify USACE of project completion; a separate form included in your permit needs to be
submitted to iowaregulatory@usace.army.mil, if applicable) 70.
Iowa DOT BMPs 71
State Historic Preservation Office 72
What is the Difference Between Floodplain and Floodway 73

Regulatory Contact Information:
Iowa DNR Floodplain and Dam Safety: floodplain-help@dnr.iowa.gov
Iowa DNR Storm Water Program: 515.725.3403
USACE: iowaregulatory@usace.army.mil
USFWS Illinois-Iowa Field Office: rockisland@fws.gov
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STE P 9 :
CONTR AC TO RS
Summary: In most cases, the conservation service provider
(CSP) or the landowner will need to hire a contractor to dig
the oxbow, remove trees, and re-seed any disturbed areas.
Typically, a contractor will need to have access to and be able
to operate a long-reach excavator, dump truck, bulldozer,
and/or other heavy equipment necessary for restoration.
Contractors should be licensed and have experience with
land improvement or wetland restoration projects, and the
CSP and/or landowner should be onsite during construction
to answer questions that arise and ensure design plans are
followed. Depending on your funding source, you may need
to complete a competitive bid process (3 or more bids is
best as bids vary greatly based on contractor experience,
and how busy and challenging they anticipate the work to
be). When possible, advertise the project as broadly as you
can, making sure to include minority, women, and small
local businesses. Know the average cost (per cubic yard)
for excavation projects in your area for similar types of
projects (e.g. wetland restoration) so you know if the bids
are acceptable and reasonable. Site conditions, geography,
and logistics (especially spoil placement distance and tree
removal) vary site-by-site and can greatly impact the actual
cost of restoration.

Checklist:
Compile contractor packet complete with restoration designs, oxbow location, estimates of cubic yards to be removed, and
number/size of trees to be removed. Make sure to inform contractors that working conditions may be wet and muddy. Be
very clear on your expectations of the contractor, when you expect work to be completed, and if there are times the work
can NOT be completed (e.g., to avoid impacts to state- and/or federally-listed species). Contractors will likely need to wait for
excavated spoil to dry before final grading.
Compile a list of local contractors who are interested in being considered for oxbow restorations. Local NRCS offices usually
have a contractor list that can be shared. Make sure to include minority and women contractors and small local businesses 74, 75.
Advertise the project to local contractor lists, in newspapers, etc. to get competitive bids.
Select a qualified and reasonably priced contractor, and let other contractors know they were not selected.
Sign a Contract with selected contractor to set the cost and terms of the project.
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STE P 1 0 :
PROJ E C T MA NAG E M E NT
Summary: Active project management is important to make sure
your project is completed as designed in a timely manner. Oxbow
restorations are relatively new practices to many contractors so their
familiarity could be limited. Creating clear and precise guidelines for
the contractor ensures an effective restoration. Communication is
key when it comes to project management; frequent site visits and
phone calls are needed. Keeping all parties informed and up to date
on the status of the project will create a smoother restoration process.
Restoration meetings should be held before, during, and at completion
of the projects. These meetings should include project managers,
contractors, landowners, tenants, and all other parties involved.

Checklist:
Outline restoration and spoil area with markers or flags.
Setup photo point/game camera locations for pre- and post- monitoring and reporting (if applicable; optional).
Conduct initial pre-restoration meeting. Review designs with all parties and confirm design components.
Breaking ground – Be onsite when contractor begins restoration to ensure they understand design components and target
depths.
Conduct progress site visits to ensure restoration is on track and following design specifications. Document visit dates,
conversations, and status of project. Be ready to solve problems that arise (see Learning).
Conduct second restoration meeting to make sure all parties are still in agreement (optional).
Continue progress site visits to ensure restoration is on track and following designs.
Hold final post-restoration meeting at completion of project, review restoration to make sure it matches designs and
guidelines, and ensure all parties are satisfied with the project.
Complete a certification of completion document with all parties and complete permit reporting (see Permitting section), if
required.
Create and execute a management plan with the landowner or operator.
Ensure the landowner and tenant are involved throughout the restoration process and that their concerns are addressed
along the way.

Resources:

Project Plan Example 76
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STE P 1 1 :
MONITO RING
Summary: Every oxbow restoration is
different, so don’t be surprised to learn
something new with every restoration.
Additionally,

monitoring

(e.g.,

project

process, fish, wildlife, revegetation, water
quality, etc.) should occur to verify the
restoration goals have been achieved, fulfill
reporting requirements (if required), and/or
create outreach tools. Included below is a
list of some lessons learned by conservation
professionals across Iowa.

Checklist:
Return to the site in the following year(s) to monitor
and evaluate the condition of the restored oxbow and
determine if the goals have been achieved.
Keep notes of lessons learned and share them with
others implementing oxbow projects.

Resources:

Fish and Water Quality Monitoring 77, 78
Water Quality Research 79
Before-After Photo Monitoring Template 80
Bird Monitoring 81
Prairie Reconstruction Initiative Monitoring Protocol 82
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L ESSON S L E A RN E D
• Be prepared for last minute changes. Try your best to be specific in your contract with landowners and contractors and get
any amendments in writing. For example, the tenant may verbally agree to spread the stockpiled soil in the adjacent farm
field after restoration but may change their mind when they realize it’s more work than planned for, leaving you to have to
hire another contractor to spread the soil last minute or to find another spoil placement location. Make sure any revisions to
soil placement locations are consistent with all permit terms and conditions.
• There is often a very short window for restoring oxbows. Excavated soil will likely be placed in an adjacent farm field,
meaning many oxbows can only be excavated between cash crop harvest and planting. Contractors are often busy with more
profitable projects during the fall and many don’t like to work in the winter because frozen ground is hard on equipment.
The project timeframe is also limited by waiting for the right weather conditions; too much snow will make it hard to see the
topography and spring floods may leave the site too wet to work in. It may feel as though you are just waiting and waiting
for the right conditions. To the extent possible, plan (funding, permits, etc.) for a broad timeline (2-3 years) to complete the
project.
• Obtain all required permits (Federal, State, and Local), know the ‘terms and conditions’ of each permit (e.g., if the oxbow
must be completely dry or frozen to the bottom before excavation can begin to minimize adverse effects to federal- and
state-listed species such as Topeka shiner), and know who to contact if something unexpected happens during restoration
(e.g., If the creek floods into the oxbow during restoration or if a potential cultural resources is unearthed during excavation,
coordinate with all the agencies that have permitted the restoration to determine if and when the work can resume)
READ MORE

• Make sure to check on the progress of the restoration frequently to ensure that the restoration is meeting design specs and
standards. Oxbows are a fairly new practice, and for many contractors it may be their first time on a restoration project.
There have been cases of contractors digging in the wrong spot, not digging deep enough, and digging too deep.
• It is best to have a back-up plan for the excavated soil (spoil) or have the landowner (or whoever wants the spoil) sign an
agreement to take the spoil. There have been cases where a local contractor agreed to haul the dirt off site in order to use
the black dirt at a later time, but the contractor backed out after restoration began or planned to spread it in a wetland
(“pond”). Make sure the contractor is specific with spoil placement locations and that any revisions to spoil placement
locations are consistent with all permit terms and conditions.
• Have a backup plan for where to place excavated soil if the soil contains more sand or rocks than anticipated. Most of the
time nutrient-rich black soil is excavated from the oxbow, which is suitable for spreading in adjacent farm fields. However,
landowners and tenants would likely not want soil that is too sandy, rocky, or has substantial woody debris to be spread in
their farm field.
• If quicksand is unearthed during excavation, it may be best to stop restoration in that specific area and try to dig the
remainder of the oxbow.
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CONTINUED

L ESSON S L E A RN E D
• It is best to get one or more soil cores when putting together a restoration plan, to ensure your calculations for depth-todig are accurate. There have been cases where the historic riverbed (gravel, bedrock, or blue clay) has been encountered
shallower than the target depth elevation (e.g. dug 1.5 feet instead of the 3.5 feet deep planned), which is most likely in
floodplains where natural streams have been altered (e.g., dredged, ditched, filled, etc.).
• Make sure you are working with the sole decision maker for the property, or that you have permission from all landowners
if necessary. One example is of a restoration that could not be complete because 37 landowners had an interest in the
same property, many lived in different places across the county, and all would have needed to sign the contract.
• Beavers are often attracted to these features. Having resident beavers at your restored oxbows could help hold excess
water and be beneficial for increased water quality improvements and fish habitat. However, a beaver dam may backup
excess water into an adjacent farm field, which could result in the tenant or landowner blaming the restored oxbow for
water in their field. Beavers also may impede restoration activities if they dam water into the oxbow immediately before
excavation. If you have to remove a beaver, The Iowa Beaver Project may be able to assist with relocation or provide contact
information for landowners that want to reestablish beaver (87).
• Make sure to check the restoration site for potential bat habitat and eagle nests; adhere to work-window requirements (e.g.,
tree removal may need to occur from October 1st – March 31st to minimize impact to bats) and BMPs outlined in federal
and state permits.
• Although native seeding is encouraged around restorations, native seed may be difficult to establish if the surrounding area
is overrun with invasive or weedy plants (such as reed canary grass). Plan for how to establish (e.g., seeding and mowing
requirements) and manage (e.g., tree control, prescribed fire, etc.) native seed in the floodplain and include native species
that are easy to establish, are appropriate for the location, are good long-term competitors (prairie cordgrass, troublesome
sedge, fox sedge, Virginia wildrye, switchgrass, etc.) and/or provide substantial food resources for migratory birds
(Pennsylvania smartweed, rice cutgrass, wild rice, American sloughgrass, arrowhead, wild celery, bulrush species, etc.) and
pollinators (swamp milkweed, sneezeweed, joe pye weed, ironweed, cup plant, blue vervain, etc.).
• Keep an eye on your restorations and maintain open communication with the landowner to ensure that the restoration is
still performing as planned. For example, a restoration near a county road was accidently drained when the county was
repairing the roadside ditch and culvert. Luckily the mistake was noticed immediately, and the county made repairs to the
oxbow quickly.
• Be prepared to provide reassuring responses to concerns. Some common concerns include: “it’s going to attract mosquitos”,
“it’ll never hold water”, “I don’t want to be regulated by having a federally endangered fish on my land”, …
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R E S OU R C ES
1. Iowa Geospatial Data, Current and Historic Aerial Imagery - https://geodata.iowa.gov/pages/imagery
2. Iowa Geospatial Data, Lidar Maps - https://geodata.iowa.gov/pages/lidar
3. Oxbow Mapping Tool: Journal of Remote Sensing, The Development of a GIS Methodology to Identify Oxbows and Former Stream Meanders
from LiDAR-Derived Digital Elevation Models - https://www.mdpi.com/2072-4292/11/1/12/pdf , https://www.cfwru.iastate.edu/projects/habitatimprovement-projects-stream-and-oxbow-fish-greatest-conservation-need
4. Agricultural Conservation Planning Framework - https://acpf4watersheds.org/
5. USFWS National Wetlands Inventory, Wetlands Mapper - https://www.fws.gov/wetlands/data/Mapper.html
6. Beacon County Parcel Information - https://beacon.schneidercorp.com/
7. Oxbow Quality Index Tool: https://wildlifemanagement.institute/outdoor-news-bulletin/february-2020/oxbow-restoration-iowa-emphasis-topeka-shiner
8. Iowa Geographic Map Server - http://ortho.gis.iastate.edu/
9. Digital Globe - https://evwhs.digitalglobe.com/myDigitalGlobe/login;jsessionid=643EE057B088878458F3C555F02BFD06
10. U.S. Geological Survey Earth Explorer - https://earthexplorer.usgs.gov/
11. Landowner contact information, That’s Them - https://thatsthem.com/
12. Landowner contact information, True People Search - https://www.truepeoplesearch.com/
13. NRCS Engineering Tools for ArcMap 10.x - https://github.com/USDA-NRCS/NRCS-Engineering-Tools---ArcMap
14. Personalized landowner outreach letter example - https://tnc.box.com/s/6iqja6l28m7llj4tiju2pvzt8vopibtc
15. Generic landowner outreach letter example - https://tnc.box.com/s/3emhynr07vjoacw85ru7wof7apbgjd3a
16. Iowa Learning Farms “Scaling up Oxbow Wetland Restorations for Multiple Benefits” webinar https://vimeo.com/445248616
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17. Iowa Learning Farms “Returning Oxbows to Iowa’s Landscape” virtual field day - https://youtu.be/8w_SfNqJAxM
18. Oxbow brochure example- https://tnc.box.com/s/nqqze63slp9j1le4bhmto1mvsodcomzz
19. Oxbow outreach article example - https://booneriver.files.wordpress.com/2015/06/oxbow.pdf
20. Oxbow website example, Boone River Watershed - https://booneriver.org/project-area/oxbow-restoration/
21. Oxbow website example, The Nature Conservancy https://www.nature.org/en-us/about-us/where-we-work/united-states/iowa/stories-in-iowa/what-is-an-oxbow/
22. Iowa Flood Risk Map - https://ifis.iowafloodcenter.org/ifis/newmaps/risk/map/
23. USFWS IPaC Information for Planning and Consultation - https://ecos.fws.gov/ipac/
24. Iowa DNR Natural Areas Inventory - https://programs.iowadnr.gov/naturalareasinventory/pages/Query.aspx
25. NRCS Environmental Quality Incentives Program (EQIP): multiple practices including 657 Wetland Restoration https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/financial/eqip/
26. NRCS Mississippi River Basin Initiative (MRBI): uses EQIP rates https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/programs/initiatives/?cid=stelprdb1048200
27. NRCS Regional Conservation Partnership Program (RCPP): uses EQIP rates https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/financial/rcpp/
28. NRCS Agricultural Conservation Easement Program (ACEP): Wetland Reserve Easement (WRE) https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/easements/acep/
29. NRCS Emergency Watershed Protection Program: Floodplain Easements (EWP-FPE) https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/landscape/ewpp/
30. Farm Service Agency (FSA) Conservation Reserve Program: CP23 Wetland Restoration https://www.fsa.usda.gov/programs-and-services/conservation-programs/conservation-reserve-program/index
31. USFWS Partners for Fish and Wildlife Program - https://www.fws.gov/midwest/partners/getinvolved.html
32. USACE Section 206 - https://www.mvr.usace.army.mil/Business-With-Us/Outreach-Customer-Service/Ecosystem-Restoration/Section-206/
33. USACE Stream Mitigation - https://www.mvr.usace.army.mil/Missions/Regulatory/Stream-Mitigation/
34. IDALS Water Quality Initiative (WQI) - Multi-purpose oxbow (tile-drained) – 50% construction and materials cost:
https://www.cleanwateriowa.org/water-quality-initiative
35. Iowa DNR State Revolving Fund - http://www.iowasrf.com/
36. Iowa DNR Resource Enhancement and Protection (REAP) - https://www.iowadnr.gov/conservation/reap
37. Iowa DNR Fish Habitat Program - https://www.iowadnr.gov/about-dnr/grants-other-funding/fish-habitat-program
38. NRCS Engineering Field Handbook Chapter 1: Surveying - https://directives.sc.egov.usda.gov/OpenNonWebContent.aspx?content=25276.wba
39. Topo Survey with Trimble R8 and import data for use in ArcGIS - http://skralston.com/USFWS/Trimble_R8_Survey_to_ArcGIS_Import.pdf
40. Intro to Wetland Restoration and basic laser level surveys - http://skralston.com/USFWS/Wetland_Restoration_101.pdf
41. USFWS tutorials and resources on survey and design - http://skralston.com/USFWS/
42. Regulating Within a Floodway: Frequently Asked Question https://www.co.ward.nd.us/DocumentCenter/View/2920/FAQ-Regulating-Within-a-Floodway?bidId=
43. NRCS Conservation Practice Standard: Wetland Restoration code 657 https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/technical/cp/ncps/?cid=nrcs143_026849
44. NRCS Conservation Practice Standard: Critical Area Planting code 342 https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/technical/cp/ncps/?cid=nrcs143_026849
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45. NRCS Conservation Practice Standard: Grade Stabilization Structure code 410 https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/technical/cp/ncps/?cid=nrcs143_026849
46. NRCS Conservation Practice Standard: Land Clearing code 460 https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/technical/cp/ncps/?cid=nrcs143_026849
47. USFWS Topeka Shiner Range and Designated Critical Habitat in Iowa https://www.fws.gov/midwest/endangered/fishes/topekashiner/index.html
48. NRCS Part 654 Stream Restoration Design National Engineering Handbook: Chapter 10 Two-Stage Channel Design https://directives.sc.egov.usda.gov/OpenNonWebContent.aspx?content=17770.wba
49. NRCS Earthen Dike Practice Introduction code 356 - https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs143_026629.pdf
50. Beaver Dam Analog - http://beaver.joewheaton.org/nrcs-specific-resources.html
51. Oxbow Connection Channel Design Example: https://tnc.box.com/s/ndnljjcvd6o5obeuj1cavhro469jez4f
52. Iowa Code 567 Chapter 71: https://www.legis.iowa.gov/docs/iac/chapter/567.71.pdf
53. Oxbow Design Template - https://tnc.box.com/s/69o81lz88adbw99luhzkvxmnledl0000
54. NRCS Oxbow Standard Drawing - https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1267682.pdf
55. Iowa DNR River Restoration Toolbox: Practice Guide 4: Floodplain Restoration 2.6 Oxbow https://www.iowadnr.gov/Environmental-Protection/Water-Quality/River-Restoration/River-Restoration-Toolbox
56. Iowa Riverside Plant Selection Tool https://www.iowadnr.gov/Portals/idnr/uploads/RiverRestoration/riverside_plants.pdf
57. Iowa DNR Wetlands Permitting (Section 401) - https://www.iowadnr.gov/Environmental-Protection/Water-Quality/WetlandsPermitting#:~:text=A%20Section%20401%20Water%20Quality,issue%20a%20Section%20404%20permit
58. Iowa DNR Permit and Environmental Review Management Tool (PERMT) - https://programs.iowadnr.gov/permt/
59. Iowa DNR Sovereign Lands Permit - https://www.iowadnr.gov/environmental-protection/land-quality/sovereign-lands-permits
60. Iowa DNR Flood Plain Management - https://www.iowadnr.gov/Environmental-Protection/Land-Quality/Flood-Plain-Management
61. NPDES Stormwater Permit - https://www.iowadnr.gov/Environmental-Protection/Water-Quality/NPDES-Storm-Water/Who-Must-Apply
62. Iowa Code 571 Chapter 13.9 (1-2) - https://www.legis.iowa.gov/docs/iac/chapter/571.13.pdf
63. Iowa Code 567 Chapter 70.5 - https://www.legis.iowa.gov/docs/iac/chapter/01-21-2015.567.70.pdf
64. USACE Nationwide and Regional Permits - https://www.mvr.usace.army.mil/Missions/Regulatory/Permits/
65. Nationwide Permit 27: Aquatic Habitat Restoration, Enhancement, and Establishment Activities https://www.swf.usace.army.mil/Portals/47/docs/regulatory/Permitting/Nationwide/NWP27.pdf
66. Environmental Protection Agency: National Environmental Policy Act - https://www.epa.gov/nepa/what-national-environmental-policy-act
67. Section 106 of the National Historic Preservation Act https://www.achp.gov/protecting-historic-properties/section-106-process/introduction-section-106
68. Endangered Species Act: Section 7 - https://www.fws.gov/midwest/endangered/section7/index.html
69. Pre-Construction Notification Letter Example - https://tnc.box.com/s/h8puzaeopbvcn88o4pb30cx2yg7qtx3t
70. Certificate of Completion Example - https://tnc.box.com/s/cs8778bpg7sxjk8wj4qx4h8l10c30igz
71. Iowa Department of Transportation Topeka Shiner specifications - https://iowadot.gov/ole/pdfs/MM981-TopekaShiner.pdf
72. Iowa Department of Cultural Affairs: Preservation - https://iowaculture.gov/history/preservation
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73. Example Survey - https://www.iowadnr.gov/Portals/idnr/uploads/RiverRestoration/toolbox/lineart/View_3_Survey_Figure.pdf
74. Iowa Economic Development: Targeted Small Business Program - https://www.iowaeda.com/small-business/targeted-small-business/
75. U.S. Small Business Administration - https://www.sba.gov/offices/district/ia/des-moines/about-us
76. Landowner Project Plan Example - https://tnc.box.com/s/ooa5858dubo7h9txisdtvqbjuragdpjq
77. Wildlife Management Institute: USGS Cooperative Research Unit: Oxbow Restoration in Iowa with an Emphasis on Topeka Shiner Research https://wildlifemanagement.institute/outdoor-news-bulletin/february-2020/oxbow-restoration-iowa-emphasis-topeka-shiner
78. Research on the fish habitat benefits of oxbows: Aquatic Conservation, Occurrence, abundance and associations of Topeka shiners
(Notropis topeka) in restored and unrestored oxbowsin Iowa and Minnesota, US https://booneriver.files.wordpress.com/2019/08/simpson-et-al.-2019_with-supporting-information.pdf
79. Research on the water quality benefits of oxbows: Ecological Engineering, Nitrate-N load reduction measured in a central Iowa restored
oxbow - https://booneriver.files.wordpress.com/2018/10/ecol-eng-oxbow-n-mass-balance.pdf
80. Photopoint Setup Example - https://tnc.box.com/s/yofcutcc54vrymhrdpsjevqto76bmz5u
81. Research on the bird habitat benefits of oxbows: Iowa Audubon, Report of avian surveys on restored stream oxbows in Hamilton and
Wright Counties, Iowa - https://tnc.box.com/s/fthe9rtn844u5c2n4l9rfjqgcpcfkz6f
82. Prairie Reconstruction Initiative Monitoring Protocol - https://sites.google.com/view/prairiereconinitiative/home
83. USACE Website - https://www.mvr.usace.army.mil/
84. Iowa DNR Floodplain Permit Website https://www.iowadnr.gov/environmental-protection/land-quality/flood-plain-management/flood-plain-dev-permits
85. USFWS Illinois-Iowa Ecological Services Office Website - https://www.fws.gov/midwest/RockIsland/
86. USFWS Endangered Species Act Basics - https://www.fws.gov/endangered/esa-library/pdf/esa_basics.pdf
87. The Iowa Beaver Project - https://www.theiowabeaverproject.com/
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