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Acronyms and Abbreviations

Acronyms and Abbreviations
The following acronyms and abbreviations are used in the Supplement. Refer back to this list
when you need clarification.
AFA....................................... Alternative Futures Analysis
AOC ...................................... Area of Concern
AVGWLF............................... ArcView-enabled General Watershed Loading Function model
AWHA ................................... Avian Habitat Assessment model
CARL .................................... Conservation and Recreation Lands (dataset)
CFR ...................................... Code of Federal Regulations
CGI ....................................... Center for Geographic Information (Michigan)
CSOs .................................... combined sewer overflows
CWA ..................................... Clean Water Act
DEM...................................... digital elevation model
DFIRM .................................. Digital Flood Insurance Rate Map (FEMA)
DLG ...................................... digital line graph
DOI DRG .............................. Department of the Interior, U.S. Digital Raster Graphic
FEMA .................................... Federal Emergency Management Agency (Homeland Security)
FQI........................................ Floristic Quality Index
GIS ....................................... geographic information system
GLIN ..................................... Great Lakes Information Network
GSL ...................................... Great Salt Lake
HGM ..................................... hydrogeomorphic
IFMAPGGGGGGGGG....Integrated Forest, Monitoring, Assessment, and Prescription
IWWR ................................... Interagency Workgroup on Wetland Restoration
LLWFA .................................. landscape-level wetland functional assessment
MDEQ ................................... Michigan Department of Environmental Quality
MNFI ..................................... Michigan Natural Features Inventory
NAPP .................................... National Aerial Photographic Program (USGS)
NCSUGGGGGGGGGG..North Carolina State University
n.dGGGGGGGGGGG...no date
NHD ...................................... National Hydrography Dataset (USGS and EPA)
NHPCS ................................. Natural Heritage Priority Conservation Sites (Virginia)
NMFS ................................... National Marine Fisheries Service (NOAA)
NOAA ................................... National Oceanic and Atmospheric Administration
NRC ...................................... National Research Council
NRCS ................................... Natural Resources Conservation Service (USDA)
NWI....................................... National Wetlands Inventory
NWIPlus ................................ National Wetlands Inventory, enhanced version
PCBs .................................... polychlorinated biphenyls
ppm....................................... parts per million
PPRW ................................... Paw Paw River Watershed
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QC ........................................ Quality Control
RIBITS .................................. Regional Internet Bank Information Tracking System
SSO ...................................... Storm Sewer Overflows
SSURGO .............................. Soil Survey Geographic Database (NRCS)
SWCD................................... Soil and Water Conservation Districts
SWMPC ................................ Southwest Michigan Planning Commission
USACE ................................. U.S. Army Corps of Engineers
USDA .................................... U.S. Department of Agriculture
USEPA ................................. U.S. Environmental Protection Agency
USFWS ................................. U.S. Fish and Wildlife Service (DOI)
USGS ................................... U.S. Geological Survey (DOI)
VaNLA .................................. Virginia Natural Landscape Assessment
VDCR ................................... Virginia Department of Conservation and Recreation
VDEQ ................................... Virginia Department of Environmental Quality
VDOT .................................... Virginia Department of Transportation
VNHP .................................... Virginia Natural Heritage Program
VWRC................................... Virginia Wetland Restoration Catalog
W–PAWF .............................. Watershed-based Preliminary Assessment of Wetland Functions
WWTP .................................. wastewater treatment plant
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1. Introduction
1.1 What Is the Purpose of This Supplement?
The purpose of this Supplement is to encourage
the inclusion of proactive wetland management
into watershed plans because wetlands play an
integral role in the healthy functioning of the
watershed. This Supplement promotes using a
watershed approach that not only protects
existing freshwater wetlands but also maximizes
opportunities to use restored, enhanced, and
created freshwater wetlands to address
watershed problems such as habitat loss,
hydrological alteration, and water quality
impairments. The primary audiences for the
Supplement are members and staff of watershed
organizations and local/state agencies.

A watershed is the area of land that contributes
runoff to or drains to a lake, river, stream, wetland,
estuary or bay (USEPA 2008a).
Wetlands are the link between land and water. They
are transition zones where the flow of water, the
cycling of nutrients, and the energy of the sun meet to
produce a unique ecosystem characterized by
hydrology, soils, and vegetation, making these areas
very important features of a watershed (USEPA 2004).
(See chapter 2 for a regulatory definition of wetlands.)
A watershed approach is an analytical process that
considers the abundance, locations, and conditions of
aquatic resources in a watershed. It further considers
how those attributes support landscape functions and
attainment of watershed goals (Sumner 2004). Rather
than identifying and protecting individual water
resources, a watershed approach involves developing
a framework for management of an area defined by
drainage rather than political or land ownership
boundaries (USEPA 2005).

This document is a Supplement to the U.S.
Environmental Protection Agency’s (EPA)
Watershed Planning Handbook.1 It conveys
Watershed plans are analytic frameworks for
information on recently developed approaches
protecting and restoring water quality and quantity
and tools for assessing wetland functions and
for various societal purposes. Ideally, they result from
conditions, the results of which assist decision
implementation of the watershed approach. Plans
may focus on watersheds within political or land
makers in determining where in a watershed
ownership boundaries for strategic or practical
existing and former wetlands can best be
purposes.
restored or enhanced, or where wetlands can be
created to optimize their functions in support of
water quality and other watershed management
plan goals. The Supplement also discusses wetland restoration, enhancement, and creation
techniques and reviews the considerations involved in deciding how best to undertake a wetlands
project.
EPA’s Watershed Planning Handbook and other scientific resources emphasize the importance
of the watershed as a management unit in which elements and processes operate over different
spatial and temporal scales. The literature also emphasizes the importance of planning and
implementing projects aimed at protecting or restoring water quality (or meeting similar goals)
within the context of the watershed.

1

USEPA, Handbook for Developing Watershed Plans to Restore and Protect Our Waters, EPA 841B08002 (U.S.
Environmental Protection Agency, Washington, D.C., March 2008).
http://water.epa.gov/polwaste/nps/handbook_index.cfm
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[T]he integrity of aquatic ecosystems is tightly linked to the
watersheds of which they are part. There is a direct relationship
between land cover, key watershed processes, and the condition of
aquatic ecosystems. Healthy, functioning watersheds provide the
ecological infrastructure that anchors water quality restoration
efforts. Components of a healthy watershed can include intact and
functioning headwaters, wetlands, floodplains and riparian
corridors, instream habitat and biotic refugia, biological
communities, green infrastructure, natural disturbance regimes,
sediment transport, and hydrology expected for its location
(USEPA 2011c).
The Supplement assumes readers have some background in use of the watershed approach and in
watershed planning and have previously developed or are in the process of developing watershed
plans. If additional information is required in these areas, consult EPA’s Watershed Planning
Handbook and other similar federal, state, and local guides.
Including wetlands in a watershed management plan might entail costs beyond what a watershed
group has budgeted for targeting a specific watershed goal. Planners should keep in mind that the
goals and objectives they have established for their respective watersheds will dictate which
model elements suggested in this Supplement will be useful for inclusion in the organization’s
watershed plan. EPA encourages watershed groups to employ all recommended elements yet
recognize that time, effort, and budgetary constraints can limit the group’s implementation of all
model elements. These factors can also limit the considerations a group might give to detailed
planning, implementation, and monitoring tasks. The intent of this Supplement is to share
methodologies for considering and identifying wetland functions. It is also to encourage
restoration, enhancement, or creation of wetland functions to help watershed groups achieve their
respective watershed management plan goals
Wetland Functions versus Wetland Values

1.2

Why Include Wetlands in
Watershed Planning?

1.2.1 Wetland Functions and Values
It is important to include wetlands in watershed
plans because of the important role they play in
ecosystem function and watershed dynamics.
Wetlands are a product of and have an influence
on watershed hydrology and water quality.
Wetlands contribute to healthy watersheds by
influencing important ecological processes. They
recycle nutrients, filter certain pollutants, play a
role in climatic processes by absorbing and
storing elements such as carbon and sulfur,
recharge groundwater, and provide energy
production and habitat for fish and wildlife.
Wetlands also provide goods and services that

Incorporating Wetlands into Watershed Planning

Wetland Functions
Wetland functions relate to a process or series
of processes (the physical, biological, chemical,
and geologic interactions) that take place
within a wetland. Major wetland functions
include those that change the water regime in
a watershed (hydrologic function), improve
water quality (biochemical function), and
provide habitat for plants and animals (food
web and habitat functions).
Wetland Values
Values are generally associated with goods and
services that society recognizes. Wetlands can
have ecological, economic, and social values. It
is important to note that not all environmental
processes are recognized or valued.
Sources: Novitzki et al. 1997; Sheldon et al. 2005.
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have economic value. Some examples of the goods wetlands provide include habitat conducive
to food production, building products, and fresh water. Some examples of the services wetlands
provide include the reduction of peak flows and flood damage, water storage, protection of
erodible shorelines, water filtration and particulate removal, and recreational opportunities and
amenities. Finally, societies value wetlands for their historic and cultural/religious significance
(Schuyet and Brander 2004; USEPA 2005; Cappiella et al. 2006). Exhibit 1 provides more
complete descriptions of the three functions that are a focus of this Supplement—hydrology,
water quality, and habitat. Exhibit 2 provides examples of wetland values.
The functions performed by a wetland are dictated by environmental factors both within and
outside the wetland. Climate, for example, is a major factor affecting wetland function at the
largest geographic scale. Biochemical processes, such as the movement of water, sediment, and
nutrients, affect wetland functioning at the watershed scale (Bedford 1999). Environmental
interactions within the wetland itself, such as topographic location and underlying geology,
proximity to water source, and the direction of flow and strength of water movement, further
influence how the wetland functions (Sheldon et al. 2005).
Climate Change and Wetlands
Wetlands affect and may be significant factors in the global cycles of nitrogen, sulfur, and carbon by storing,
transforming, and releasing these elements into the atmosphere. Human activities such as burning fossil fuels and
clear cutting tropical forests have increased global atmospheric concentrations of greenhouse gases (e.g., water
vapor, carbon dioxide, methane, and nitrous oxides), which, in turn, have led to increased heat and climate change
(NCSU Water Quality Group, n.d.). For example, the world’s wetlands contain a substantial volume of peat. By
storing the carbon, the wetlands minimize the amount of carbon available to the atmosphere. Disruptions to the
peat deposits could contribute significantly to worldwide atmospheric concentrations of carbon dioxide. Soils are
the primary storage medium (sinks) for carbon on a global scale, and one-third to one-half of the world’s soils are
wetlands (Mitsch and Gosselink 2000).
Although wetlands may lessen the impact of climate change due to the role they play in the cycling of elemental
chemicals, wetland loss magnifies the impact of climate change.
Exhibit 1. Wetland Functions in the Watershed
Wetland
Function

Hydrology

Description
Flood Protection
Wetlands trap and then slowly release rainwater, snowmelt, groundwater, and floodwater. Trees
and the roots of other plants slow the speed of runoff and distribute it over the floodplain. In urban
areas, wetlands can collect and counteract the increased runoff from buildings, pavement, and
other impervious surfaces (USEPA n.d.). The ability of wetlands to collect, store, and release
floodwater and to desynchronize flood flows is dependent on numerous factors, including
groundwater storage capacity, the size and shape of the wetland, slope, soil permeability, depth of
the water table, wetland condition, and landscape position (Wright et al. 2006). Riverine wetlands
are especially useful in storing and holding flows, including peak flows, which tend to produce flood
damage. A classic 1972 study on the hydrologic value of wetlands by the U.S. Army Corps of
Engineers (USACE) demonstrated that if 3,400 hectares (approximately 8,401 acres) of wetlands
were removed from the Charles River Basin in Massachusetts, flood damages would increase by
$17 million (Mitsch and Gosselink 2000). The loss of wetlands also has had significant impacts on
flood storage ability in the United States.
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Description
Shoreline Erosion
Wetlands along coastlines (marine or freshwater) can slow and reduce storm surges, protecting
people and property from storm damage. For wetlands along the coast and along lakes, rivers, and
bays, plants and roots hold sand and soil in place, absorb the energy of waves, and slow currents,
resulting in reduced erosion (USEPA n.d.). When wetland vegetation is removed, increased erosion
can occur, resulting in loss of property (Wright et al. 2006).

Hydrology
continued

Water
Quality

Habitat

Groundwater Recharge/Discharge
Some wetlands help to recharge and maintain groundwater levels, while other wetlands discharge
groundwater to streams, helping to maintain baseline flow and reduce flooding (Wright et al. 2006).
Landscape position and soil permeability have significant impacts on wetland and groundwater
interactions including flood mitigation. A 1997 study by Ewel estimated that the draining of 80
percent of a Florida Cypress swamp would result in a 45 percent loss of the groundwater in the area
(Wright et al. 2006). Wetlands can also improve groundwater quality in certain cases. For example,
wetlands have been shown to assimilate landfill leachate and reduce chlorinated compounds from a
nearby manufacturing site (Wright et al. 2006).
Nonpoint source pollution is a principal threat to water quality. Wetlands help to remove, retain, or
transform pollutants and sediments from nonpoint sources by acting as natural filters, resulting in
discharges of higher quality water downstream. Wetlands can help improve water quality by
removing numerous types of pollutants or parameters, including nutrients, biochemical oxygen
demand, suspended solids, metals, and pathogens (NCSU Water Quality Group n.d.).
The ability of wetlands to remove pollutants depends on numerous factors, including wetland size
and type, wetland condition, landscape position, water sources, types of pollutants, soil properties,
groundwater connection, and vegetation (Wright et al. 2006). In the wetland areas surrounding
Lake Erie, a 1999 study by Mitsch et al. estimated that restoring 25 percent of the original wetland
area would result in an increase in phosphorus reduction by 24 to 33 percent (USEPA 2008b).
Wetlands provide important habitat for aquatic, terrestrial, and avian species (Wright et al. 2006).
Almost half of all federally listed endangered or threatened species depend directly or indirectly on
wetlands, and more than one-third of these species live only in wetlands (USEPA n.d.). Species,
including migratory species, depend on wetlands for a variety of functions, including feeding,
breeding, nesting, and raising their young (NCSU Water Quality Group n.d.). For example, black
ducks use prairie potholes in the upper Midwest for nesting and spend winters foraging in the
coastal wetlands of the Chesapeake Bay (Wright et al. 2006). Wetlands can also function as wildlife
corridors (Wright et al. 2006). Wetlands are often more productive and provide more habitat than
would be expected for their size and have been equated with coral reefs and rainforests in terms of
productivity (USEPA 2010).
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Exhibit 2. Wetland Values in the Watershed
Ecological Values
• Source of biodiversity
• Food, water, and shelter
for migrating and breeding
species
Economic Values
• Commercial fishing and
shellfishing
• Commercial timber
• Habitat for animals used in
fur and pelt production
• Reduced flood damage

Social Values
• Scenic beauty
• Recreational opportunities
• Nature-based tourism

• Habitat for endangered or threatened species
• Hydrologic cycle contribution
• Role in climatic processes

• Commercial production of
cranberries, wild rice, and
mint
• Medicines produced from
wetland plants
• Removal of pollutants and
water quality maintenance

In performing this filtering
function, wetlands save society a
great deal of money. A 1990
study showed that the Congaree
Bottomland Hardwood Swamp in
South Carolina removes a
quantity of pollutants that would
be equivalent to that removed
annually by a $5 million
wastewater treatment plant.

• Historical and heritage value
• Educational opportunities

Sources: Novitzki et al. 1997; Kusler 2004; and USEPA 2008b.

1.2.2 Historical and Current Protection of Wetlands
When the Europeans first arrived in the United States, an estimated 215 to 220 million acres of
wetlands existed. Less than 47 to 53 percent of that acreage remains today (Mitsch and Gosselink
2000; Dahl 2006 in Zedler 2006). Until the 1970s, physically altering or destroying wetlands was
a generally accepted practice. For example, wetlands have been drained for agricultural uses,
filled for urban development, impounded to supply water or to diminish flooding, and dredged
for marinas and ports. Wetlands have also been indirectly impacted, or their functions and
quality degraded, by agricultural and urban runoff, invasion by nonnative species, and
atmospheric deposition of harmful pollutants (IWWR 2003).
Recognizing the importance of wetlands, scientists in a 1992 National Research Council (NRC)
study called for the development of a national wetlands restoration strategy. Since then, federal
agencies and their partners (state and local governments, non–governmental organizations,
landowners, watershed groups, and others) have been working to achieve a net increase of
wetlands (IWWR 2003).
Although federal agencies have been making the effort to increase and improve the nation’s
wetlands, they are limited in their abilities to control local land use practices that cause indirect
wetland water quality impacts from activities such as natural erosion, road construction,
residential and commercial development, and agricultural and urban land uses. These impacts
result in the following conditions (Cappiella et al. 2006):
•

•

Increased ponding and water level
fluctuations
Constriction of downstream flow

Incorporating Wetlands into Watershed Planning
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•

Pollutant accumulation in wetland
sediments
Nutrient enrichment
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•
•
•

Decreased groundwater recharge
Hydrologic drought in riparian wetlands
Altered hydroperiods
Sediment deposition
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•
•

•

Chloride inputs
Increased abundance of invasive and
tolerant plant or aquatic species
Decline in diversity of wetland plant and
animal communities

The Clean Water Act (CWA) section 404 permitting program has enabled the federal
government and states to minimize the physical alterations of wetlands through such actions as
dredging or filling. The CWA section 404 program is primarily administered by the USACE.
Under the program, the USACE or an approved state regulates activities impacting wetlands.
(See inset below for additional information on the CWA section 404 program.) However,
wetlands that are vulnerable to indirect impacts from urban, suburban, and agricultural runoff
and atmospheric deposition are not addressed through the federal/state permitting process and
must therefore be protected using other strategies, many of which need to be implemented
locally (e.g., zoning restrictions, subdivision ordinances, and other local development
regulations) (Cappiella et al. 2006). Alternative strategies are also needed for addressing impacts
to isolated wetlands, which are not regulated under state or local programs.
The CWA Section 404 Program and Compensatory Mitigation
The program requires any person planning to discharge dredged or fill materials to waters of the United
States, which include wetlands, to obtain a permit. The U.S. Army Corps of Engineers (USACE) or approved
state issues permits and develops the technical protocols and procedures for delineating and determining
impacts on wetlands.
EPA participates in the program by developing environmental guidelines for discharges and state assumption
of the program (USEPA 2005). EPA, the National Marine Fisheries Service (NMFS), and the U.S. Fish and
Wildlife Service (USFWS) review and provide comments on permit applications. EPA has veto authority over
permit applications or permit conditions if it finds the potential impacts unacceptable.
When damages to wetlands are unavoidable, the Corps requires the permittee to provide compensatory
mitigation as a condition of issuing a permit (http://water.epa.gov/lawsregs/guidance/wetlands/upload/2008
_04_10_wetlands_wetlands_mitigation_final_rule_4_10_08.pdf). This joint compensatory mitigation rule was
issued by the EPA and Corps in 2008 and incorporates many recommendations made in a 2001 NRC Report,
including conducting mitigation site selection at the watershed scale.
Although compensatory mitigation is beyond the scope of this document, it is important to note that
evaluations of the effectiveness of mitigation under the CWA section 404 program have helped to advance
the science of wetland restoration and the development of performance standards. As part of wetland
assessments, watershed groups often identify where in their respective watersheds wetland mitigation is
occurring and by what parties. There can be opportunities to collaborate in wetland restoration if mitigation
sites match up with those wetland areas the watershed group has deemed important.

Programs that incentivize private landowners or nongovernmental organizations to undertake
voluntary actions play a role in protecting wetlands in addition to programs that fund the
restoration of wetlands or their acquisition, easements, leases, and regulation. CWA section 319,
Farm Bill, and Land and Water Conservation Fund programs are a few examples of programs
that fund the restoration of wetlands or their acquisition. Appendix A outlines the various
programs federal agencies implement relative to wetlands.
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Watershed plans are effective tools for identifying and addressing water quality problems that
result from both point and nonpoint source problems. They also provide a means to protect and
restore other watershed attributes, such as the provision of wildlife habitat and other
environmental features such as wetlands. Continued declines in wetland abundance and function
will hamper efforts to restore watershed integrity. Subsequent chapters of this Supplement will
discuss some possible ways wetlands can be incorporated into the watershed planning process.

1.3

What’s Inside the Document?

The Supplement is presented as four chapters:
• Chapter 1 includes an overview of the purpose and intent of the document, background on
why it is valuable or important to include wetlands in watershed planning, and a brief
overview of the historical and current protection of wetlands.
• Chapter 2 provides the regulatory definition of wetlands, an overview of wetland types, and
a review of wetland classification schemes.
• Chapter 3 outlines the basic watershed planning steps and highlights the considerations that
watershed group gives by including wetlands in its watershed plan. The chapter also provides
general information on wetland restoration, enhancement, and creation techniques and
discusses the consideration one should offer in selecting options.
• Chapter 4 contains four case studies summarizing approaches for identifying existing and
former wetlands for restoration or enhancement, as well as possible sites for wetland creation
within a watershed context. The case studies also summarize approaches for prioritizing
amongst potential sites based on wetlands having the greatest restoration potential and
wetlands whose restored functions would address key watershed goals such as improved
hydrology, improved water quality, and increased habitat.
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2. Wetland Basics
2.1

Regulatory Wetland Definition

Federal and state programs define the term wetlands differently, depending on the scope of their
management activities. This Supplement uses the regulatory definition of wetlands the USACE
and EPA use in relation to the CWA section 404 program:
[T]hose areas that are inundated or saturated by surface or
groundwater at a frequency and duration sufficient to support, and
that under normal circumstances do support, a prevalence of
vegetation typically adapted for life in saturated soil conditions.
Wetlands generally include swamps, marshes, bogs, and similar
areas. [40 CFR 230.3(5)]

2.2

Wetland Types

A useful way to think about wetland types is in terms of their dominant water source—
precipitation, groundwater, or surface water—as described in exhibit 3 (NCSU Water Quality
Group n.d.).
Exhibit 3. Wetland Type Descriptors
Precipitation-Dominated Wetlands
•

Bogs obtain water primarily from precipitation and are characterized by sphagnum mosses dominating the
floor of the bog and creating waterlogged, acidic conditions with low nutrient levels (USEPA 2010). Bogs
prevent downstream flooding by absorbing precipitation. Because of the acidic, waterlogged conditions and
low nutrient levels, only species that are specifically adapted to such conditions are able to live in bogs,
resulting in many unique plant and animal species (USEPA 2010).

•

Pocosins are shrub- and tree-dominated landscapes with little standing water located at a slightly higher
elevation than the surrounding landscape. Precipitation is the main water source, and although there is little
standing water, the soil is saturated much of the year, resulting in waterlogged, nutrient-poor, and acidic soils.
Fires typically occur in pocosins every 10 to 30 years during the spring or summer dry periods, and they play a
key role in maintaining a diverse tree and shrub population (USEPA 2010).

•

Vernal Pools, Playas, Prairie Potholes, Wet Meadows, and Wet Prairies: Because of many similarities, these
wetland types are sometimes categorized as marshes; however, unlike marshes, they receive water
predominately from precipitation. Because these wetlands are isolated from surface waters, they do not
typically discharge to surface waters, but many recharge groundwater (NCSU Water Quality Group n.d.).

Surface Water-Dominated Wetlands
•

Marshes are generally defined as wetlands frequently or continually inundated by water. All types of marshes
receive most of their water from surface water; some are also fed by groundwater. Their vegetation is
characterized by emergent soft-stemmed plants adapted to saturated soil conditions. Marshes are home to an
abundance of plant and animal life due to high nutrient levels and neutral pH (USEPA 2010). They play an
important role in recharging groundwater supplies, moderating stream flow, and settling pollutants to
improve water quality (NCSU Water Quality Group n.d.).
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Surface Water-Dominated Wetlands (continued)
•

Riparian Forested Wetlands receive water from rivers, streams, and lakes and are located across the United
States. Standing water is present in the winter and spring, with little to no standing water during the summer
and fall (NCSU Water Quality Group n.d.). Riparian forested wetlands act as a sink for pollutants from nonpoint
sources (USEPA 2010). They also receive alluvial soil from floods, and as a result, they are very productive and
are important ecologically as they serve as habitat for plant and animal species (NCSU Water Quality Group
n.d.).

•

Tidal Freshwater Marshes are fed by upstream surface waters. They are located far enough upstream of
estuaries to include freshwater but far enough downstream to be influenced by tides (NCSU Water Quality
Group n.d.). Nutrient levels are high due to precipitation and upstream runoff, resulting in a highly productive
system (USEPA 2010). Tidal freshwater marshes improve water quality through processes that remove
nitrogen, phosphorus, and sediment (NCSU Water Quality Group n.d.).

Groundwater-Dominated Wetlands
•

Fens are very similar to bogs, the main distinction being that fens receive water from groundwater (NCSU
Water Quality Group n.d.). Fens are peat-forming wetlands; they have less acidic soil conditions and higher
nutrient levels than bogs. Fens are located in northern regions characterized by low temperatures and short
growing seasons (USEPA 2010). They can contribute to downstream waters and stabilize water tables by
recharging groundwater at local aquifers (NCSU Water Quality Group n.d.).

2.3

Wetland Classification Systems

2.3.1 USFWS Classification System
The concept or recognition of the importance of
wetland functions developed a foothold in the 1970s
What is the NWI?
and has evolved since then in both the scientific and
The National Wetlands Inventory is a
regulatory communities. Attention was first given to
database of information used to identify the
the structural elements of wetlands, such as
status of wetlands across the United States.
vegetation. Wetlands were thought at the time to
The system contains wetland data in map and
digital formats (i.e., geographic information
function as important habitat for waterfowl and other
systems, or GIS). Wetlands are classified in
wildlife (Sheldon et al. 2005). In 1979, after extensive
the system according to the Cowardin system.
field testing and review, the USFWS published the
wetland classification system in Classification of
Source: USFWS 2010.
Wetlands and Deepwater Habitats of the United
States (Cowardin et al. 1979). USFWS developed the Cowardin system to identify wetlands by
type and facilitate monitoring of wetland losses and gains and changes in wetland type. This
classification system has since become the standard system for classifying wetlands, and the
USFWS and the National Wetland Inventory (NWI) use it to form the basis of their wetland
monitoring and mapping efforts (USGS n.d.). (See the sidebar for an explanation of the NWI.)
In the USFWS classification system, wetlands are defined by plants, soils, and frequency of
flooding. In addition, ecologically related areas of deep water that are not traditionally
considered wetlands are classified (Cowardin et al. 1979).
The USFWS classification identifies five major systems— marine, estuarine, riverine, lacustrine,
and palustrine (Cowardin et al. 1979). Because this Supplement focuses on freshwater coastal
and inland wetlands, only the riverine, lacustrine, and palustrine systems are further described.
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Additional information on the USFWS classification system and the NWI can be found at
http://www.fws.gov/wetlands/WetlandsLayer/index.html.
Exhibit 4a is a visual representation of the riverine system. The riverine system includes all
wetlands and deepwater habitats that are contained within a channel with two exceptions: (1)
wetlands dominated by trees, shrubs, persistent emergent, emergent mosses, or lichens and (2)
habitats that contain ocean-derived salts in excess of 0.5 part per million (ppm). A channel is “an
open conduit either naturally or artificially created which periodically or continuously contains
moving water, or which forms a connecting link between two bodies of standing water.”
Examples of riverine wetlands include freshwater rivers, streams, and immediately adjacent
wetlands (Gray et al. n.d.).
Exhibit 4a. Riverine Wetland System

Source: Cowardin et al. 1979.

Exhibit 4b is a visual representation of the lacustrine system. The lacustrine system includes
wetlands and deepwater habitats with all the following characteristics: (1) situated in a
topographic depression or dammed river channel; (2) lacking trees, shrubs, persistent emergents,
emergent mosses, or lichens with greater than 30 percent areal coverage; and (3) total area that
exceeds 20 acres. Similar wetland and deepwater habitats totaling less than 20 acres are also
included in the lacustrine system if an active wave-formed or bedrock shoreline feature makes up
all or part of the boundary, or if the water depth in the deepest part of the basin exceeds 6.6 feet
at low water. Lacustrine waters may be tidal or nontidal, but ocean-derived salinity is always less
than 0.5 ppm.

Incorporating Wetlands Into Watershed Planning

11

EPA Region 5 Wetlands Supplement

Wetland Basics

Exhibit 4b. Lacustrine Wetland System

Source: Cowardin et al. 1979.

Exhibit 4c is a visual representation of the palustrine system. The palustrine system includes all
nontidal wetlands dominated by trees, shrubs, persistent emergents, emergent mosses, or lichens
and all such wetlands that occur in tidal areas where salinity due to ocean-derived salts is below
0.5 ppm. It also includes wetlands lacking such vegetation, but with all of the following four
characteristics: (1) area is less than 20 acres; (2) active wave-formed or bedrock shoreline
features are lacking; (3) water depth at the deepest part of the basin is less than 6.6 feet at low
water; and (4) salinity due to ocean-derived salts is less than 0.5 ppm. Examples of palustrine
wetlands include marshes, swamps, bogs, and wet meadows (Gray et al. n.d.).
Exhibit 4c. Palustrine Wetland System

Source: Cowardin et al. 1979.
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2.3.2 HGM Classification System and Approach
An additional wetland classification system, called the hydrogeomorphic (HGM) system was
later developed to support the USACE’s mission under the CWA section 404 program (Brinson
1993; Smith et al. 1995). The HGM system classifies wetlands according to geomorphic setting
(topographic location), water source and transport (surface flow, groundwater flow, and
precipitation), and hydrodynamics (direction and strength of water flow). It also establishes
procedures for classifying wetlands regionally. The HGM system consists of seven approved
wetland classes—riverine, depressional, slope, mineral soil flats, organic soil flats, estuarine
fringe, and lacustrine fringe—and also has subclasses and regional classes. Exhibit 5 shows the
dominant water source and hydrodynamics of each of the seven wetland classes along with
examples of subclasses. Additional information on the HGM system and approach is available at
http://el.erdc.usace.army.mil/wetlands/pdfs/wrpde4.pdf and http://el.erdc.usace.army.mil/
wetlands/pdfs/wrpde9.pdf.
Exhibit 5. Hydrogeomorphic Classes of Wetlands Showing Dominant Water Sources,
Hydrodynamics, and Examples of Subclasses
Hydrogeomorphic
Class
(geomorphic setting)

Riverine
Depressional
Slope
Mineral soil flats
Organic soil flats
Estuarine fringe
Lacustrine fringe

Water Source
(Dominant)

Hydrodynamics
(Dominant)

Overbank flow from
channel
Return flow from
groundwater and
interflow
Return flow from
groundwater
Precipitation
Precipitation

Unidirectional and
horizontal
Vertical

Overbank flow from
estuary
Overbank flow from
lake

Biodirectional,
horizontal
Bidirectional,
horizontal

Unidirectional,
horizontal
Vertical
Vertical

Examples of Regional Subclasses
Western USA and
Eastern USA
Alaska
Bottomland
Riparian forested
hardwood forests
wetlands
Prairie pothole
California vernal
marshes
pools
Fens

Avalanche chutes

Wet pine flatwoods
Peat bogs; portions
of Everglades
Chesapeake Bay
marshes
Great Lakes marshes

Large playas
Peat bogs
San Francisco Bay
Flathead Lake
marshes

Source: Adapted from Smith et al. 1995.

2.3.3 Distinctions Between the USFWS and HGM Classification Systems
Those involved in wetland planning and restoration efforts should understand that the USFWS
and HGM classification systems were developed for different purposes. The USFWS system was
designed for use in the NWI and for monitoring and mapping efforts, whereas the HGM
classification system was developed to assess wetland functions as part of the USACE’s
responsibilities under the CWA section 404 program. A limitation of the Cowardin system is that
it does not consider wetland function, and a limitation of the HGM system is that it does not
consider other physical properties of wetlands that affect how wetlands function, such as
vegetation, soil texture, and soil pH.
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2.3.4 NWIPlus
To address the limitations of the Cowardin and HGM systems, researchers have designed
methods for assessing wetlands for regional or localized uses based on elements or concepts in
the Cowardin or HGM system, or both. In the 1990s, scientists in the northeast region of the U.S.
worked with the USFWS to enhance NWI data with HGM-type descriptors to describe a
wetland’s landscape position, landform, water flow path, and water body type (USFWS 2010).
The enhanced NWI, now called NWIPlus, provides a consistent means of using NWI data to
predict 11 wetland functions (USFWS 2010). This method looks at habitat type and also
identifies potential wetland functions such as (1) surface water detention, (2) stream flow
maintenance, (3) nutrient transformation, (4) sediment and particulate retention, (5) carbon
sequestration, (6) shoreline stabilization, (7) coastal storm surge detention, (8) provision of fish
and shellfish habitat, (9) provision of waterfowl and waterbird habitat, (10) provision of habitat
for other wildlife, and (11) conservation of biodiversity.
The USFWS calls the watershed assessment approach applying NWIPlus a Watershed-based
Preliminary Assessment of Wetland Functions (W–PAWF). This assessment method is
inventory-based and evaluates every mapped wetland on the basis of properties contained in the
NWIPlus database. The method is designed to reflect the potential of a wetland to provide a
function (USFWS 2010). Contact your state or local USFWS office to determine the availability
of state NWI or NWIPlus data.
2.3.5 Summary
Wetlands should be a key consideration of watershed planners. They play a role in the overall
health and functioning of a watershed. In turn, their restoration, enhancement, or creation can be
a strategic means to address water quality, water flow, and/or habitat issues. Incorporating
wetlands into a watershed plan requires the realization that wetland types can vary significantly
and that wetlands can be difficult to classify (e.g., exhibiting varying levels of the appropriate
hydrology, vegetation, and soils). Some areas might not appear to be a wetland to the untrained
eye. Some wetland types do not always meet all wetland classification criteria. For example, a
wetland whose vegetation has been removed or altered because of natural events or human
activities would not meet classification criteria for plants. Subsequent chapters in this
Supplement will detail effective ways to determine areas that were once wetlands or display the
characteristics conducive to facilitating wetland functions. This information will assist watershed
planners in determining possible areas in which to restore, enhance, or create wetlands to address
watershed plan goals related to water quality, hydrologic alteration, and habitat loss.
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3. Incorporating Wetland Restoration,
Enhancement, and Creation into Watershed
Management Plans
3.1

Returning Wetlands to the Landscape

Given the loss and degradation of wetlands over the years and the subsequent realization of their
social, economic, and ecological values, considerable effort has gone into their restoration.
Ecological restoration is the process of assisting the recovery of an
ecosystem that has been degraded, damaged, or destroyed. It is an
activity that initiates or accelerates ecosystem recovery with
respect to its health (functional processes), integrity (species
composition and community structure), and sustainability
(resistance to disturbance and resilience). The activity ensures
abiotic support from the physical environment, suitable flows and
exchanges of organisms and materials with the surrounding
landscape, and the reestablishment of cultural interactions upon
which the integrity of some ecosystems depends. (McIver and Starr
2001).
The concepts of wetland preservation, restoration, enhancement, and creation are embedded in
the more broadly defined term ecological restoration. Preservation is the act of protecting and
maintaining existing wetlands or protecting a wetland through implementation of appropriate
legal mechanisms. When characterizing a watershed, one of the initial steps is to identify the
location of relatively intact, unimpacted natural areas (i.e., areas with high ecological integrity),
including wetlands. Watershed planners typically target those areas for conservation/protection.
It is important to identify former wetland sites or degraded areas near those natural areas that
could possibly be restored or enhanced (Weber and Bulluck 2010; Sumner 2011; and others).
Wetland restoration, enhancement, and creation projects have a greater likelihood of success if
they are adjacent to or part of an already functioning wetland (IWWR 2003). Although
preservation is not the focus of this Supplement, it is important to understand the value of
preservation activities.
For the purposes of this Supplement, the terms restoration, enhancement, and creation are
defined as follows:
•

Restoration is the reestablishment of a wetland in an area that was formerly a
natural wetland or the rehabilitation of historic functions to a degraded wetland.

•

Enhancement is increasing one or more of the functions performed by an
existing wetland beyond what currently exist in the wetland.

•

Creation means establishing a wetland where one did not exist previously. Note that for
the purposes of this Supplement, creation does not include constructed wetlands to treat
effluent.
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Wetland restoration is sometimes confused with wetland enhancement because both may involve
working in existing, degraded wetlands (IWWR 2003). Restoration is both (1) reestablishing lost
wetlands (e.g., areas that were historically wetland but are not wetlands today) and (2)
rehabilitating degraded wetlands. For example, in a restoration project, one might remove
drainage tiles from an agricultural field and plant vegetation in an effort to reestablish a wetland
area that once existed there. Conversely, wetland enhancement projects can result in reducing
one function of the wetland to enhance another function. In an enhancement project, one might
alter existing wetland habitat elements (e.g., water depth and vegetation) to increase the
likelihood of endangered species being established. Another example of enhancement might be
to modify the hydrology by increasing the amount of stored water in a wetland in order to
increase aquatic habitat for fish; however, this might decrease the ability of the wetland to hold
floodwaters (IWWR 2003). Regardless, when wetland enhancement is undertaken, the project
goals should include minimizing any decrease in existing wetland functions.
Wetland creation occurs in areas that were not previously wetland however conditions or
characteristics exist that may still produce and sustain a wetland. Creating wetlands is more
difficult than restoring or enhancing them. Wetland creation requires consideration of a variety
of factors. The outcome of most wetland creation projects is difficult to predict, and created
wetlands often have limited functions compared to natural wetlands (IWWR 2003). Some of the
baseline conditions conducive to wetland formation, such as hydric soils, are not always present
in the landscape of creation projects. Therefore, creation does not typically result in the
establishment of sustainable wetlands or wetlands that successfully provide beneficial ecological
functions.

3.2

When to Include Wetlands in Watershed Plans

As outlined in EPA’s Watershed Planning Handbook, the development of watershed plans has
four basic steps, each with a series of substeps: (1) planning, (2) implementation, (3) monitoring,
and (4) long-term management. (See exhibit 6 next page.) EPA has identified the nine substeps
highlighted in exhibit 6 as critical elements that should be addressed in watershed plans where
water quality improvements are the aim. In fact, EPA requires the nine elements to be addressed
in watershed plans funded with incremental CWA section 319 funds and strongly recommends
that they be included in all other watershed plans intended to address water quality impairments.
Including wetlands in watershed plans requires that they be considered throughout each phase of
the watershed planning process. As noted in the Handbook, watershed planning is an iterative
process and so, too, is the process for including wetlands. An important aspect of the planning
process is that it is adaptive. (See inset below.)
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Adaptive Management
“Adaptive management is a decision process that promotes flexible decision making that can be adjusted in the
face of uncertainties as outcomes from management actions and other events become better understood.
Careful monitoring of these outcomes both advances scientific understanding and helps adjust policies or
operations as part of an iterative learning process. Adaptive management also recognizes the importance of
natural variability in contributing to ecological resilience and productivity. It is not a ‘trial and error’ process,
but rather emphasizes learning while doing. Adaptive management does not represent an end in itself, but
rather a means to more effective decisions and enhanced benefits. Its true measure is in how well it helps meet
environmental, social, and economic goals, increases scientific knowledge, and reduces tensions among
stakeholders.”
— B.K. Williams, et al. 2009 in Adaptive Management: The U.S. Department of the Interior Technical Guide

Exhibit 6. Watershed Planning Steps
Note: The nine items highlighted in orange are the elements EPA requires to be addressed in watershed plans
funded with incremental CWA section 319 dollars.

1.

2.

3.

4.

5.

Planning
Build partnerships
• Identify issues of concern
• Set preliminary goals
• Develop indicators
• Conduct public outreach
Characterize the watershed
• Gather existing data and create a watershed inventory
• Identify data gaps and collect additional data if needed
Characterization and
• Analyze data
Analysis Tools
• Identify causes and sources of pollution that need
•
GIS
to be controlled
•
Statistical packages
• Estimate pollutant loads
•
Monitoring
Finalize goals and identify solutions
•
Load calculations
•
Model selection tools
• Set overall goals and management objectives
•
Models
• Develop indicators/targets
•
Databases
• Determine load reductions needed
• Identify critical areas
• Develop management measures to achieve goals
Implementation
Design implementation program
• Develop an implementation schedule
• Develop interim milestones to track implementation or management
measures
• Develop criteria to measure progress towards meeting watershed goals
• Develop monitoring component
• Develop information/education component
• Develop evaluation process
• Identify technical and financial assistance needed to implement plan
• Assign responsibility for reviewing and revising the plan

Monitoring
Implement watershed plan
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Implement management strategies
Conduct monitoring
Conduct information/education activities
Long Term Management
Measure progress and make adjustments
• Review and evaluate information
• Share results
• Prepare annual work plans
• Report back to stakeholders and others
• Make adjustments to program
•
•
•

6.

Source: USEPA 2008a.
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Watershed Planning Considerations When Incorporating
Wetlands

Some of the primary considerations involved in including wetlands in the watershed planning
process are discussed below.
3.3.1 Building Partnerships
Identify Key Stakeholders
Working with and soliciting input from key stakeholders is a critical aspect of any watershed
planning activity, including planning for a
wetland-specific project. Stakeholders are those
Possible Partners to Help Incorporate
Wetlands into Watershed Management Plans
who make and implement decisions, those who
are affected by the decisions made, and those who
Identify representatives with wetland
have the ability to assist or impede
expertise and include them in all phases of plan
implementation of the decisions. (See sidebar for
development and implementation.
a list of possible partners.) It is essential that all
• Landowners
of these categories of potential stakeholders, not
• County or regional representatives
just those that volunteer to participate, are
• Local municipal representatives
identified and included. Key stakeholders also
• State and federal agency representatives
include those that can contribute resources and
assistance to the watershed planning effort and
• Tribal representatives
those that work on similar programs that can be
• Faculty and students at universities,
integrated into a larger effort (USEPA 2008a).
colleges, and other schools
The role that stakeholders play will vary
depending on their affiliate organizations.
Stakeholders include those that (USEPA 2008a):
•
•
•
•
•

• Business and industry representatives
• Members of citizen groups
• Representatives of community service
organizations
• Religious organization representatives
• Staff and members of environmental and
conservation groups
• Soil and water conservation district
representatives
• Representatives of irrigation districts

Will be responsible for implementing the
watershed plan
Will be affected by implementation of the
plan
Can provide information on the issues and
concerns in the watershed
Source: USEPA 2008a.
Have knowledge of existing programs or
plans that a watershed group might want to integrate into its plan
Can provide technical and financial assistance in implementing and developing the plan

Consult chapter 3 of EPA’s Watershed Planning Handbook if you want to learn more about the
kinds of stakeholders that should be involved in developing and implementing your watershed
plan.
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Identify Issues of Concern and Set Preliminary Goals
It is important to define the scope of your efforts when developing a watershed plan. Scope
applies to the boundaries of your effort, which can be defined in terms of geographic area or
other parameters. At this time you would also identify issues of concern in the watershed and
begin conceptually mapping them to hone in on specific research/plan objectives. An issue of
concern with respect to wetlands might be that they and their functions have been lost or
degraded, which in turn has impaired water quality, altered hydrology, and reduced wildlife and
aquatic habitat in the watershed.
To begin assessing these concerns, you would begin posing questions about such topics as the
presence of former and existing wetlands in your watershed, the functions they play (or played)
at various geographic scales in the watershed, the degree to which the functions are impeded,
how the limited functions are impacting the larger water system, the stressors that are inhibiting
or degrading the identified wetland function, and the sources of the stressors.
As you answer questions like those above for the watershed as a whole, the geographic extent of
your watershed plan will begin to take shape and you will be in a position to begin developing
preliminary watershed plan goals. Initially, your goals will be broad, such as “protect, restore, or
enhance former and existing riparian wetlands for their abilities to filter runoff from adjacent
land uses, thereby helping eliminate downstream water quality impairments of nutrients and
sediment.” You might have similar goals for other wetland functions as they relate to problems
you are seeing in the larger watershed. As you continue to move through the planning process,
you will refine the goals, develop indicators to measure environmental conditions, and establish
objectives/targets to achieve. Consult chapters 4 through 9 of EPA’s Watershed Planning
Handbook for a detailed discussion of these topics.
3.3.2 Characterizing the Watershed
Inventory and Assess the Watershed
One of the first steps in characterizing the watershed
is to gather and assess existing data and create a
watershed inventory. This inventory should include
wetland components. Watershed-level characteristics
(e.g., hydrology, soils, and vegetation; see sidebar)
can be used to define and classify wetlands. This
information will assist watershed groups in
determining which former or existing wetlands could
be restored or enhanced for successful and sustainable
integration into the watershed ecosystem (IWWR
2003).

Watershed-Level Characteristics to Define
and Classify Wetlands
•
•
•
•
•
•
•
•

Land uses
Topography (i.e., elevation, aspect,
and slope)
Climate (i.e., precipitation patterns
and temperature)
Soil types
Groundwater
Surface waters
Floodplains
Vegetation communities

Sources: IWWR 2003; UWM 2005.

One source of information for beginning the inventory and assessment process is local citizens.
Citizens who have lived in the watershed a long time usually have a strong understanding of the
natural resources of the area and can provide very valuable insights. Maps are also useful
resources for characterizing watersheds and wetlands. For example, soil maps can aid in
identifying current or historic wetland soils, and biological reports, if available from local
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agencies, can facilitate the determination of local vegetation (IWWR 2003). Aerial photography
and topography can provide information on water sources, drainage, and surface runoff (and the
location of former wetlands). Floodplain maps provide information on the locations and
elevations of flood-prone areas. Sources for most of these resources are identified in sections
5.3.5 and 5.8.1 of EPA’s Watershed Planning Handbook. These and other sources are also
provided in the case studies presented in chapter 4 of this Supplement. Sources for aerial
photographs include the following:
•
•

http://nationalmap.gov/gio/viewonline.html
http://www.globexplorer.com/products/imageconnect-mapinfo.shtml

Use an Internet browser to search for state or local aerial photographs for additional and more
specific resources.
When available, digital NWI maps from the USFWS can be extremely helpful in identifying
where in the watershed current wetlands are located. This information can be used to determine
the watershed features that have been amenable to wetland formation (e.g., the presence of
hydric soils) in the past. This information can also provide models for where new wetlands
might best be located, both to replicate the landscape positions of existing wetlands and to
provide for consolidation of wetland resources where and when practicable. In addition, highquality wetlands that become targets for protection can be identified through this process. It
should be noted that although NWI data might be the best source for locating wetlands on the
landscape, the data, depending on the year used, might not necessarily reflect current conditions
on the ground. Planners often use NWI as an initial layer and then evaluate aerial photographs or
other sources to make initial decisions about current and former wetland locations.
It should be recognized that both the availability and quality of data need to be considered when
determining which data sources to use. For example, a county might have a fairly advanced
geographic information system (GIS) data source for the watershed-level characteristics listed on
the previous page, except on vegetation communities, which might be too coarse to be useful at
the watershed level. This and similar limitations to GIS datasets need to be considered. It is
important to know and understand the origin, geographic coverage, and associated metadata of
any data used. The metadata answer questions related to data generation (i.e., who, what, why,
when, where, and how).
The purpose of this Supplement is to provide informal guidance on ways to incorporate wetland
assessment activities and results into watershed plans. There might be some rare instances where
a watershed group has already identified a project site prior to completion of a watershed plan. In
such cases, EPA advises groups to collect watershed-level information regardless. The broader
assessment could result in identifying another site with greater restoration potential. In addition,
even if the group decides to proceed with the originally selected project site, the additional
information will meet the larger goal of incorporating wetlands into watershed plans and provide
greater insight into planning, constructing, and managing wetlands to meet watershed
improvement goals.
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Some potential sources for obtaining watershed-level characteristics specific to wetland
resources are state natural resource or wetland protection agencies, local planning agencies,
water quality control districts, water management districts, and flood control districts, as well as
national agencies such as USGS, the Federal Emergency Management Agency (FEMA), the
Natural Resources Conservation Service (NRCS), and Soil and Water Conservation Districts
(SWCDs). Further examples of assessment data and sources are provided in appendix B and in
the case studies in chapter 4.
Data collected can be quantitative and qualitative. Examples of quantitative data might include
water chemistry, extent of hydric soils, soil permeability, soil organic carbon levels, and
elevation data. Examples of qualitative data might include visual or expert opinions on site
topography, erosion and drainage patterns, major vegetation, presence of human structures, and
adjacent land uses (IWWR 2003). The type and level of data collected will influence the
assessment techniques used. Some inquiries can be performed at the desktop, while others might
require actual field observations; in some cases, both will be needed.
It should be clear that environmental assessment activities occur at multiple spatial scales and
that they vary in complexity. For example, desktop assessments tend to be less complex than
site-specific assessments. Typically, the larger the spatial scale, the coarser the assessment
performed and vice versa. This continuum is illustrated in exhibit 7, which briefly outlines
EPA’s three-tiered wetland assessment framework. The level of assessment performed is dictated
by the degree of precision needed and the user’s monitoring budget.
Exhibit 7. Three–Tiered Wetland Assessment Framework
Level 1: Landscape assessment
Purpose: To evaluate indicators for a landscape view of watershed and wetland condition. Level 1 wetland
assessment methods do not involve a site visit and use the types of information that can be reviewed in the office
at a desk, such as maps, soil inventories, and remote sensing-generated data such as GIS models, wetland
inventories, and land use datasets.

Level 2: Rapid wetland assessment
Purpose: To evaluate the general condition of individual wetlands using a relatively simple indicator. Level 2
assessments generally involve a short site visit to the wetland and are based on the identification of stressors (e.g.,
intensive surrounding land uses, drainage, ditching, vegetation removal, and substrate disturbance) and/or
evaluation of the overall ecologic condition of the wetland through rating the relative intactness of habitat,
hydrology, functions, and other significant wetland features.

Level 3: Intensive site assessment
Purpose: To provide quantitative data on wetland ecological condition. The data can be used to refine rapid
assessment methods and diagnose causes of wetland degradation. Level 3 assessments usually involve long
periods spent at a site conducting detailed biological and/or biogeochemical surveys that involve the collection of
quantitative data relative to the floral, faunal, physical, and/or chemical characteristics of a wetland.
(See appendix C and the case studies presented in chapter 4 for examples of monitoring methods.)
Source: USEPA 2011d.
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Wetland assessment is an effort to evaluate the functions of a wetland or assignment of values to
the functions of wetlands to determine their health. Assessments can be performed to evaluate an
individual wetland or conducted to establish indicators of condition in multiple wetlands.
Wetland assessment is accomplished through monitoring. Monitoring can be referred to as the
systematic observation and recording of current and changing conditions, while assessment is the
use of those data to evaluate or appraise wetlands to support decision-making and planning
processes (USEPA 2011d). As such, wetland monitoring needs to occur in the planning process.
This Supplement, however, focuses more on monitoring as a component in later stages of
incorporating wetlands into the watershed planning process. It is discussed later in this
Supplement as a means to measure the progress of specific wetland restoration, enhancement,
and creation projects.
Landscape-level evaluations of the wetlands (and former wetlands) in a watershed, such as
determining the distribution and abundance of wetlands types and characterizing the surrounding
land uses, are best carried out using level 1 assessment tools (see exhibit 7 above). These largescale assessments lend themselves to the use of GIS databases, aerial photography, maps, and
other types of information that are best accessed in an office setting. Once the population of
former and existing watershed wetlands has been identified using level 1 tools, further
assessment of former and existing wetlands can be carried out using level 2 assessments.
Because level 2 tools are rapid, they make it possible for investigators to visit and assess a large
number of wetlands in a relatively short period. The information from the level 2 assessments
can be used as a basis for establishing the ecological condition of wetlands in the watershed and
for determining which wetlands might require more intensive data-gathering efforts.
Level 3 monitoring is used when the most precise information on wetland condition or functions
is needed. Generally, this level of precision is needed for regulatory determinations of wetland
quality. This precision is also important in watershed wetland studies where accurate ambient
condition is the ultimate data result of the survey. Level 2 tools involve subjectivity and best
professional judgment (even when investigators have been principled in following the protocols),
and two evaluators might put the wetland in the same condition class but have different scores.
Conversely, level 3 tools are objective and typically yield the same quantitative results for each
data collector. Level 3 tools are able to break the range of ecological condition into smaller and
more accurate partitions. Sometimes these partition differences are unimportant, but at other
times, they can make the difference between allowing and denying a wetland impact
(Micacchion 2012).
Example Showing Distinctions Between
Use of Level 2 and 3 Tools
A level 2 tool might place a wetland proposed for impacts
somewhere between good and excellent ecological
condition. In some states, like Ohio, a wetland in good
ecological condition is allowed to be impacted, whereas
one rated in excellent condition is protected. In this
scenario, one would want to use the level 3 tool to be
precise because there is a significant outcome attached to
the assessment results.
Source: Micacchion 2012.
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Example monitoring methods appropriate at various scales along the planning continuum (e.g.,
levels 1 to 3 in EPA’s Wetlands Monitoring Framework) are listed in appendix C. The case
studies also demonstrate the use of level 1 and 2 methods when assessing wetlands as
components of a watershed plan—as resources to be preserved, restored, enhanced, or created
and as strategies to address problems in the larger watershed.
3.3.3 Finalizing Goals and Identifying Solutions
After the watershed is fully characterized, planning moves into a new stage: finalize goals and
identify solutions. Although planning generally remains at the watershed level, it also overlaps
somewhat with planning for specific projects to the extent that projects are identified as
management strategies to achieve watershed plan goals. For example, a watershed plan goal
might be to increase flood storage by protecting, restoring, and enhancing riparian wetlands.
Achieving this goal means identifying where projects might occur and which have the greater
likelihood of success. Consult chapters 8 to 11 of EPA’s Watershed Planning Handbook to
explore the following topics: analyzing data to characterize the watershed and pollutant sources,
estimating pollutant loads, setting goals and identifying pollutant loads, identifying possible
management strategies, and evaluating options and
selecting final management strategies. Because the
Water and Pollution Roll Downhill
Handbook is geared toward improving water quality, it
A common thread in urbanizing
includes presentations on estimating pollutant load.
watersheds is that development in the
Analyses appropriate to assessing hydrologic or habitat
headwater areas tends to coincide with
concerns could just as easily be made during this phase
the loss of headwater streams and
wetlands. Increased development is
of planning if they were more in line with a watershed
associated with increased
group’s planning goals.
Wetland Project Goals

imperviousness of the watershed due to
the establishment of large areas of
concrete and asphalt surfaces and
rooftops. These hard surfaces do not
absorb water. Thus, all stormwater
immediately makes its way downhill.
The increases in stormwater pass
through the remaining streams and
wetlands at ever increasing volumes and
velocities. The result is a degradation of
streams and wetlands at lower
elevations; they become unable to
assimilate the increases in water
quantity, energy, sediment, and
pollutants. Some of the best watershed
restoration projects in urban areas can

Similar to the goals established for watersheds, goals for
wetland projects should be specific and welldocumented. The goals should reflect the desired results
and motivations for the project. For example, a wetland
goal might be to restore native plant species to improve
wetland habitat for an endangered migratory bird
species. Wetland-specific project goals should also be
linked back to the overall goals for the watershed. For
example, watershed goals might be to reduce flooding
and improve water quality. As such, a wetland project
goal might be to increase wetland acreage in key areas
of the watershed to protect against downstream flooding
be achieved in the headwaters.
(Cappiella et al. 2006) and to select a mix of native
Source: Micacchion 2011.
wetland plants that will meet the habitat needs of the
endangered migratory bird species and maximize the uptake of waterborne pollutants. Another
wetland project goal might be the restoration or enhancement of former and existing wetlands
near degraded waterways to enable them to filter runoff from upland developments that cause
water quality impairments.
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Although wetlands provide multiple functions within a watershed, it might not be possible to
design a single project that addresses all watershed goals. One way to begin a project with a
wetland focus is to identify existing and former wetland functions in the watershed and then
prioritize those desired in relation to watershed goals. As discussed earlier, the important role
wetlands play in improving water quality, addressing hydrologic problems, and creating habitat
should be worked into the watershed planning process. Some examples of the important roles
wetlands play follow:
•
•

•
•

•

•

Streams in watersheds with more wetland area are less prone to flooding and have better
water quality and more stable levels of stream flow.
Wetlands adjacent to large streams can store stormwater when the channel overflows and
slowly release the water to the channel after the peak flows have subsided. The vegetation of
riparian wetlands works to slow down flow rates, which contributes to stream bank stability
by reducing the pressures on the channels during storm events.
This reduction of water velocity also causes sediments and the chemicals adhered to the
sediments to fall out of the water column thereby improving water quality.
The composition of wetlands promotes denitrification, chemical precipitation, and other
reactions that result in chemicals being removed from water. These attributes are important in
urban, semi-urban, and rural landscapes.
Although headwater streams receive small overflows, the surrounding wetlands in these
headwater systems contribute to flood control by retaining surface water runoff, which might
never enter a stream. Headwater wetland vegetation slows down flows, softens the
watershed, and captures and recycles pollutants that otherwise would enter the local stream
system.
If the goal of a watershed group is to provide areas for recreation, then a wetland project that
increases habitat for migratory bird species, thus improving bird watching in the area, could
be a potential wetland restoration project. Such a project would not only improve the wetland
function of providing habitat for migratory bird species but also would meet the watershed
group’s goal of providing areas for recreation (i.e., bird watching).

A project that works to achieve multiple watershed goals and wetland functional goals (i.e.,
improve priority wetland functions) should be prioritized over a project that just works to
achieve one or the other. This prioritization will aid in decision-making when project
circumstances, whether ecological or nonecological, are limiting (UWM 2005).
During this phase of watershed planning, a watershed group should consider and incorporate
restoration, enhancement, and creation of wetlands as a component of the strategy for addressing
the overall goals and management objectives for the watershed. Taking this step requires that the
watershed group understand the condition and extent of wetlands in the watershed and the
functions served or that could be served. Other strategies for addressing watershed problems,
beyond the restoration, enhancement, or creation of wetlands, should be considered at this time
as well.
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Factors to consider when choosing whether to proceed with incorporating wetlands (as well as
other projects) during the planning stage of a watershed project include the following (Cappiella
et al. 2006):
•
•
•
•
•
•
•
•
•
•
•
•

Accomplishment of watershed goals
Watershed functions provided
Total cost
Cost per unit (e.g., acres)
Permitting and approval responsibilities
Short- and long-term maintenance responsibilities
Integration with other work going on in the watershed
Community acceptance
Partnership opportunities
Availability of funding to implement project
Public visibility
Potential for success

Funding for projects is inevitably a major consideration for all stakeholders involved in
implementing projects to achieve the goals of watershed plans. Consult section 12.7 and
appendix 13 of EPA’s Watershed Planning Handbook for information on estimating financial
and technical assistance needed for projects and public and private funding resource documents.

3.4

Watershed Implementation Considerations When Incorporating
Wetlands

3.4.1 Developing an Implementation Plan
Once a decision is made about how to address problems in the watershed (e.g., projects have
been identified to achieve watershed goals) and the watershed plan has been completed, the
watershed group is in a position to develop an implementation program. This program will
augment the group’s watershed plan. An implementation program generally consists of the
following components (USEPA 2008a):
•
•
•
•
•
•
•

An information/education component to support public participation and build management
capacity related to adopted management measures
A schedule for implementing management measures
Interim milestones to determine whether management measures are being implemented
Criteria by which to measure progress toward reducing pollutant loads and other actions to
meet water quality, water quantity, and habitat goals in the watershed plan
A monitoring component to evaluate the effectiveness of implementation efforts
An estimate of the technical and financial resources and authorities needed to implement the
plan
An evaluation framework
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EPA’s Watershed Planning Handbook provides an example implementation plan matrix in
section 12.8.
3.4.2 Using Reference Wetlands to Develop Site Plans and Measure Progress
EPA recommends the use of reference sites when designing and implementing a wetland
restoration, enhancement, or creation project when historical data on local wetland
characteristics are unavailable. Ideas regarding potential reference sites will likely have emerged
during the watershed plan development process. Those sites can now be further assessed as
necessary for their value as reference sites when plans for specific wetland restoration,
enhancement, or creation projects are developed. Typically, the entity undertaking the restoration
project, which could be a partner organization (e.g., governmental or non-governmental
organization) or a surrogate for the primary entity, such as a consultant, would be the party to
identify reference sites. If multiple parties are engaged in wetland restoration, enhancement, or
creation activities across the watershed, they could combine efforts as appropriate to identify
reference sites.
Reference wetlands are essentially models of the wetland characteristics needed to design a
restoration project that will be high functioning and successful. Brinson and Rheinhardt (1996)
define reference wetlands as “sites within a specified geographic region that are chosen for the
purposes of functional assessment, to encompass the known variation of a group or class of
wetlands, including both natural and disturbance mediated variations.”
Others define reference sites as nearby wetlands that represent the least disturbed wetlands in the
area. The sites are located in a similar landscape position to the project site. In general, only
natural wetlands of high ecological integrity should serve as reference sites. They should be
comparable in structure and function to the project site before it was degraded (IWWR 2003).
This means that not only do the reference wetlands demonstrate the highest achievable
ecological condition, but they also are performing the group of functions associated with that
wetland type at the highest levels to be expected.
An area targeted for wetland restoration may have
Wetlands can be characterized by their
only one reference wetland or may be a subset of a
condition and functions. Wetland condition is
group of reference wetlands, also called reference
the current state as compared to reference
standards (Craft and Hopple 2011). In most cases,
standards for physical, chemical, and biological
it is best to use several reference sites to account
characteristics. Wetland functions represent
for the natural variation inherent in the population
the processes that characterize wetland
ecosystems.
of unaltered wetlands in the project area (IWWR
2003). Reference standards represent conditions
Source: USEPA 2011d.
exhibited by a subset of reference wetlands that
correspond to the highest level of functioning of the ecosystem across multiple functions
(Brinson and Rheinhardt 1996).
The morphometry (detailed measurements of bottom elevations, microtopographic features, and
basin slopes) of a reference wetland can be recorded and the results used to plan and develop the
elevations, including microtopographic features, of the substrates of a restored wetland. Detailed
data on the plant species present, their heights or diameters at breast height, and cover values can
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be used for selecting the plants and seed mixes that are most likely to replicate in the restored
wetlands over time. Hydrologic regimes for new wetlands can be developed using the data on
water sources, water depths, and durations at the reference wetlands.
Not only can information on reference wetlands be used, but their buffers can also be monitored
and replicated to further ensure that the project will most closely duplicate the conditions of the
reference wetlands. Once wetland targets are developed, based on the characteristics of the
reference wetlands, monitoring can be designed at the restored site to determine whether the
desired features are present and functioning as planned.
3.4.3 Restoration, Enhancement, and Creation Techniques
Restoration activities range from passive to active techniques. Passive techniques focus on
minimizing disturbances to the project area and can include tile decommissioning, ditch
plugging, amending soils, and planting and seeding of native species. Active restoration involves
more significant modifications to the existing landscape. Active restoration can include soil
excavation, filling and grading, the development of water control structures, and the construction
of berms and dikes to impound water. Whether active or passive, the goals for any restoration,
enhancement, or creation activity should be to use techniques that address multiple wetland
functions. For example, buffers might be used to reconnect wetlands with uplands to provide
habitat for native wildlife (wetland function = habitat), and they might also be used to slow and
filter runoff containing pollutants (wetland function = water quality).
Scientists and policymakers generally support the concept that restoring and enhancing wetlands
is preferred over creating them. Creation requires considerable planning and the control of
myriad factors. Because creation occurs in locations that were not historically wetland,
substantial modifications and disturbances to the landscape are often required to mimic the
hydrogeologic setting of wetlands. The scale of these disturbances increases stress on the system
and provides opportunities for stress-related problems, such as invasive plant species
establishment, to occur. Moreover, the outcome of creation projects is usually difficult to predict
(IWWR 2003).
As noted earlier, one of the wetland assessment steps is to identify wetlands of high ecological
integrity. Those wetlands are typically prioritized for protection. The next subset includes
existing or former wetlands that have high restoration or enhancement potential. Those adjacent
to areas of high ecological integrity would be preferred over areas with less ecological value.
Adjacent land uses and the availability of implementable control methods factor into the prioritysetting process. Creating wetlands is generally considered an option of last resort because of the
limitations discussed above.
Wetland restoration, enhancement, and creation techniques are generally the same, but the
considerations that go into planning and implementing the techniques vary in intensity and scale.
The simpler the design, the easier it can be to predict the outcome of the project (IWWR 2003).
Bioengineered approaches, or those that mimic natural ecosystem processes, are preferred over
engineered approaches that replace wetland functions with human-created structures (e.g., large
earthen impoundment berms, concrete and steel water control devices). Engineered approaches
are generally much more expensive than bioengineered approaches, and they require long-term
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maintenance. Thus, opportunities for failure are high (IWWR 2003). Exhibit 8 provides some
guiding principles for wetland restoration, enhancement, and creation.
Exhibit 8. Guiding Principles for Restoration, Enhancement, and Creation
•
•
•
•
•
•

•

•
•

Restore ecological integrity
Minimize disturbances during
implementation
Restore natural structure
Restore natural function
Design for self-sustainability

•

Work within the watershed/landscape
context and understand the potential of
the watershed
Involve a multidisciplinary team in
planning, implementation, monitoring
and long-term management
Develop clear, achievable and
measurable goals for project
Plan projects adjacent to or as part of
naturally occurring aquatic ecosystems
and healthy upland buffers

•

•
•

•

•
•

Provide a hydrogeomorphic regime
similar to wetland type or riparian area
being restored
Address ongoing causes of degradation
Use passive restoration, when
appropriate
Restore native species; avoid non-native
species
Focus on feasibility (i.e., expectations for
the project are ecologically, socially, and
financially feasible)
Monitor and adapt where corrective
actions are necessary
Provide ongoing maintenance that starts
during the implementation stage

Sources: IWWR 2003; USEPA 2000 and 2005.

A list of wetland restoration, enhancement, and creation techniques is provided in appendix D.
The techniques are organized according to the three wetland functions of primary interest in this
Supplement: (1) hydrology, (2) water quality, and (3) habitat. Some considerations for selecting
or using many of the techniques are also presented. Please note that few rules of thumb apply
nationwide. Watershed groups should consult local, state, and regional resources for additional
guidance on techniques used in their respective areas.
3.4.4 Fundamental Design Considerations for Wetland Projects
The project design phase requires the consideration of site-specific factors, operating
interdependently, to determine the structure and function of a wetland (Kentula 2002). The
following should be considered when designing a wetland restoration project: (1) site selection,
(2) hydrologic conditions, (3) water source and quality, (4) soils, (5) plant material selection and
handling, (6) site topography and surrounding land uses/cover, (7) buffer zone placement, and
(8) long-term management. Exhibit 9 at the end of the section summarizes a number of the
considerations that should be made. Some of those considerations are also discussed below.
Selecting the appropriate location is the most critical decision when designing a wetland
restoration, enhancement, or creation project. The wetland should be located where its services
will address watershed planning goals. One of the first considerations in selecting the location is
the hydrogeomorphic setting. This means that the wetland should be located where all the
hydrologic and geologic features are conducive to the establishment of the wetland type desired
to enable it to perform the range of desired functions. For example, as water runs downhill, it
pools in depressions. If the goal is to build a headwater depressional wetland that will provide
flood control, water quality improvements, and wildlife habitat features, one of the first steps
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should be to locate the wetland where
there is an existing depression, or where
one could be developed, that will receive
and pool rainwater. There could be many
areas in a watershed that would meet
these criteria, but by identifying them,
those implementing the watershed plan
can be assured that they have properly
considered hydrogeomorphic setting in
the selection process.
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Urban Watersheds
Urban development trends generally are detrimental to
wetlands. Many wetlands are lost in the process and those
that remain are degraded by the high intensity of uses in the
urbanized surrounding areas. For example, the almost
continuous concrete, asphalt, and rooftops that harden the
landscape result in increased levels of stormwater runoff.
Attempts to restore urban watersheds include softening the
watershed by restoring important resources in locations
where their functions will add green structure (i.e., slow
down the flow of stormwater and contribute in other ways
to the overall improvement of the watershed).

The next consideration would be to
determine which of the identified sites
In most situations, wetland restoration projects are planned
will best meet the requirements for
to provide the highest level of ecological condition possible.
Included in this planning tenet is the assumption that the
achieving overall project goals. If we
wetlands will also perform their functions at the highest
continue with the goals of flood control,
levels possible. Restorations in highly urbanized portions of
water quality improvement, and wildlife
watersheds can make this standard difficult or impossible to
habitat as presented in the example
achieve.
above, the selection would focus on the
characteristics that would make a project
The wetlands needed in some parts of urban watersheds
site most likely to be successful. To
end up being planned and implemented to perform
maximize flood control, the areas where
functions such as flow attenuation, water quality
improvement, and floodwater retention at the expense of
larger depressions could be developed
overall wetland quality. These working wetlands, because of
would be considered, and to assure the
the constant stress they experience, may be mostly or
wetland will empty and fill as many
completely comprised of an invasive species plant
times as possible, a site in a forested
community and have poor water quality, high rates of
setting would be targeted. The trees on
sedimentation, and other indications of degradation.
the pool edges will act as water pumps
However, their role is not to be pristine examples of
during the growing season and release
wetlands; instead, their mission is to perform their designed
water from the pool to the atmosphere.
functions in a way that maximizes the overall good for the
watershed. While these wetlands may not be “pretty to
This will result in quicker dry downs,
look at,” some would consider them “true beauties” when
which will allow the pool to refill
the overall benefits they provide for the watershed are
providing its full water storage capacity
considered.
when additional rains occur. The more
times a depressional wetland empties and
Source: Micacchion 2011.
fills during the year, the greater the flood
storage capacity, resulting in a higher volume of stormwater that never enters local streams
(Gamble et al. 2007).
Because most of the year water is not escaping the depression through overflow, due to the fact
that it is emptying between rain events through evapotranspiration, any pollutants in the
immediate basin that drain to the pool remain there. With the exception of large storm events
possibly flushing out these systems, pollutants generally do not have an opportunity to enter
local streams because water is not able to run down the surrounding slopes and dislodge and
carry the pollutants in its path into the neighboring stream network. In this way, the depression
also achieves the water quality improvement goal.
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To meet the goal of providing wildlife habitat, a site can be selected from the locations that have
appropriate habitat features in the existing upland areas. These upland areas will act as buffers
and become the surrounding land uses of the newly established wetlands. Different selection
criteria can be used based on the desired habitat features of the wildlife species or community
targeted.
If the goal is to establish a vernal pool community, then the project would be selected from those
areas that could provide a large amount of undeveloped area around the pool. The undeveloped
area should be forested, and there should be some existing functional vernal pools in the
surrounding areas. This will enable repopulation of the restored pool through migration from
existing pool amphibian populations. If the goal is to provide waterfowl habitat instead, then a
more open situation surrounding the pool with a mix of emergent and shrub vegetation
communities and far less trees would be desirable. A water quality goal in this scenario could
also be accomplished: the vernal pool may act to remove contaminants from flood waters and
runoff, including those waters from agricultural and urban lands.
Multiple other criteria beyond those above would be evaluated to judge the remaining sites to
determine which one or ones have the best chance to successfully provide the desired functions,
including:
•
•
•
•

Are hydric soils present?
Are the desired microtopographic features present or can they be established?
Can the desired hydrologic regime be restored with minimal disturbance to the site and
surrounding landscape?
Are the soil organic carbon and other nutrient levels amenable to plant growth?

To address conditions farther down in the watershed, where runoff from larger areas is occurring,
wetland restoration projects that provide primarily flood storage and water quality improvement
functions would have a high priority. The location of the wetland project is once again the most
important criterion. Here the wetlands should be placed to maximize the amount and frequency
of overflow they receive from the large streams in this part of the watershed. The ideal location
for the wetlands would be in the floodplain near the channels of the large streams. Also, the
wetlands should be established at elevations that assure they will receive floodwaters in most
bank overflow situations.
The larger the size of a wetland, the more floodwater storage it can provide. So if the space
exists, larger wetlands should be situated in the floodplain. To make sure the location will
maximize attenuation of peak flows, some level 1 assessment data can be used to make
selections on which parts of the watershed are experiencing problems related to flooding and
poor water quality and where placement of additional wetlands would provide the most benefit.
Wetlands in those locations will also maximize water quality improvement functions. As the
wetlands slow the flow of the water, pollutants including sediments, nitrate-nitrogen,
phosphorus, and pesticides will settle out or be taken up by wetland vegetation before they can
enter streams. As a secondary benefit, the addition of wetlands in the floodplains and riparian
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corridors of large streams will also provide contiguous areas of wildlife habitat. Using all the
data assembled, the watershed plan implementer can make a decision on the best available site
for a wetland project. Once this step is complete, project planning can begin in earnest. See
exhibit 9 for additional site design considerations.
Exhibit 9. Wetland Design Considerations
Factors

Considerations
The selected site will have significant impacts on the outcome of the wetland project.

Site Selection

Hydrologic
Condition

Water Source and
Quality

1.

Have you determined the acreage needed for the wetland to perform the desired
functions?

2.

Have you considered present and projected future land uses (Kentula 2002)?

3.

Have you considered sites on a local, regional, or state priority wetland restoration
lists (IWWR 2003)?

4.

Have you considered areas of special interest (e.g., previously identified because
site harbors endangered and threatened species or represents last remaining
remnants of particular wetland type) (IWWR 2003)?

5.

Have you considered the presence of manmade boundaries including political
boundaries, private property boundaries, and utility and transportation corridors
(UWM 2005)?

6.

Have you determined whether site is adjacent to existing wetland complexes
and/or in an area of former wetland?

1.

Does the project site have hydrologic conditions that allow the area to distribute
water received from precipitation and groundwater sources? Projects that only
receive water from surface runoff are limited in certain wetland functions, including
retention time. Reduced retention time in a wetland limits the ability of the
wetland to improve water quality and provide base flow to neighboring streams
during drought conditions (UWM 2005).

2.

Have you accounted for inflows and outflows from groundwater and nearby
streams (Kentula 2002)?

3.

What is the configuration of the basin, slope relative to the water table, flooding
frequency and duration, and degree of soil saturation (Kentula 2002)?

4.

Have you assessed the impact restoration might have on neighboring properties?
Will the water be kept on site and not raise surface or groundwater levels of
surrounding property owners that do not want their hydrology to change?

1.

Will the project site receive runoff from roads, agricultural lands, or developed
areas? The associated pollutants, nutrients, or sediments in the runoff may
overwhelm and limit the functioning of the restored wetland (UWM 2005). Unless
nutrient trapping is a chosen function.

2.

What is the connectivity of the wetland project site to other wetlands in the
watershed (UWM 2005)?
•

Wetlands that have increased connectivity to other natural or restored
wetlands in the watershed are better able to support increased biodiversity,
water quality, and hydrology.

•

Wetlands that are inter- and intra- connected can help to increase individual
wetland retention time, making them better able to abate flooding and
improve water quality.
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Considerations

Water Source and
Quality
continued

•

Wetlands with little or no connectivity when inundated with pollutants may
not be able to filter and improve water quality for downstream areas.

•

The presence of pollutants can also leave the vegetation in the wetland
vulnerable to invasion by nonnative species, which further modifies wetland
condition and function (Kentula 2002).

Wetland soils exhibit anaerobic (oxygen-deficient) conditions during the growing
seasons, which are caused by saturated and flooded conditions for long periods of
time. Those inundated and saturated soils, called hydric soils, are capable of storing
chemicals and controlling plant species and growth (Kentula 2002). Allowing soil
profiles to remain intact and select or amend them to provide high levels of organic
matter and appropriate amounts of nutrients to encourage establishment and growth
of robust and diverse plant communities (EPA 2012)

Soils

1.

Are pollutants or toxic substances from previous activities present in the soil at the
project site or in areas adjacent to the site? This situation should be avoided as
chemicals may be toxic to human health or inhibit proper functioning of the
wetland (Kentula 2002).

2.

What are the soil elevation, porosity, and erosion rate of existing soil at the site
(IWWR 2003)? Selected sites should require as little disturbance of the soils as
possible, which puts a premium on targeting those areas where hydric soils and
other preexisting wetland features are still present. Existing soils may serve as a
seed bank for native plants. If grading is necessary, topsoils should be stockpiled
and used for the last upper 6 to 12 inches of the soil profile.

3.

Does the soil need to be amended to aid the formation of hydric soils? Organic
matter from another area of the wetland could be used as an amendment if
available. Note that the addition of amendments can increase the risk of the
introduction of unwanted plant species (Kentula 2002) or minerals such as
phosphorus.

Vegetation plays a key role in the functioning of a wetland site.

Plant Material and
Seed Handling

1.

Have you identified native plant species and sources thereof? Use seeds, plantings,
or cuttings from local plants to ensure that the vegetation mimics other area
wetlands. Consider plant species that are adaptable and resilient (IWWR 2003).
Identify whether native species are on site or nearby that could pose problems.

2.

Establish a robust wetland plant community as quickly as possible. Plant and seed
at high densities to rapidly establish a thick carpet of vegetation that will jump
start a healthy plant community and minimize opportunities for establishment of
nonnative and invasive species.

3.

Consider species adaptable and resilient to varying water depths (Kentula 2002).
Use the elevations from your plans and information on the resulting water depths
and durations to pick the appropriate plant species for the differing hydrologic
regimes experienced across the wetland.

4.

Avoid planting nonnative or invasive species since they can quickly take over the
wetland and eliminate any native species planted (Kentula 2002). Make sure your
plant selections are species that have historically been present in the area. USDA
Plants (plants.usda.gov) and other more local sources can be checked to
determine the natural range of wetland and buffer area plant species.
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Factors

Considerations

1.

Buffer Zone
Placement

Include a buffer zone around the project. Buffers provide additional habitat
around the edge of the wetland for use by wildlife species and can increase the
overall diversity of the wetland (Thompson and Luthin 2010). In addition, buffer
zones can help minimize the effects of current neighboring, developed land uses
and help prevent land development near the wetland in the future. Buffers can
collect and prevent undesirable materials, such as fertilizers, herbicides,
pesticides, and other soluble pollutants from entering the wetland through runoff
(Kentula 2002). Consider establishing at least 50 meters on all sides (EPA 2012).

2.

Consider using fencing around the outside of a buffer in urbanized areas to
provide additional protection of the wetland (Kentula 2002). Be sure the fence is
located above the high water level on adjacent uplands or else it will act as a
debris collector requiring regular maintenance.

1.

Have you considered who will be responsible for the long-term monitoring and
maintenance of the project site? Monitoring will likely be required for periods of
10 years or more. Maintenance should be in perpetuity.
• Projects that are not maintained often fall into disrepair and may no longer
function as intended (IWWR 2003).
• The long-term manager should be identified at the beginning of the process
and should be involved in making important decisions about the design of
the wetland project.
• Consider ways to reduce maintenance and monitoring. The more humandeveloped the structures is, the more burdensome maintenance is likely to
be (Kentula 2002; IWWR 2003).
• Techniques that are simple, self-sustaining, or self-managing will have the
highest long-term success rate (Kentula 2002; IWWR 2003).
Have you identified who will maintain the monitoring data collected from the
project site? A repository for this information should be designated in the
planning stages and a standard format for recording, analyzing, and presenting
monitoring data results should be used. This practice will allow comparisons
through the years and provide a history for others who may inherit project
management responsibilities in the future.

Long Term
Management

2.

Sources: Kentula 2002; IWWR 2003; UWM 2005; Thompson and Luthin 2010.

The success of a wetland project is not entirely dependent on the achievement of ecological
factors. Other nonecological factors can pose implications for a project’s outcome. Typical
constraints are summarized below (IWWR 2003; USEPA 2005). Awareness and consideration of
constraints is critical to project success and to achieving goals of the larger watershed plan.
Typical Ecological Constraints
•
•
•
•
•
•

Poor water quality
Nutrient poor soils limiting plant growth
or allowing invasive species dominance
Lack of sufficient water/drawdown of
local aquifer
Overly deep water
Pollutants
Improper sun exposure for chosen

Incorporating Wetlands Into Watershed Planning

Typical Nonecological Constraints
•
•

•

Resources to implement project
Resistance by landowners and mistrust of
watershed groups and others trying to
undertake wetland restoration,
enhancement, or creation
Time and resources to contact
landowners whose properties have been
identified as high quality restoration
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Typical Ecological Constraints

•
•
•
•
•

plantings
Plants placed in habitats too wet or too
dry to survive
Sparse or no vegetation growth
Presence of invasive and/or nonnative
species in and around project site
Presence of invasive and/or nonnative
species on adjacent lands
Presence of herbivores that decimate
plantings and seedlings

Typical Nonecological Constraints

•

•
•
•
•
•
•

sites; providing them with information
on the benefits and limitations of
restoration; and assisting landowners
throughout the entire restoration
process
Disagreement amongst landowners over
project components affecting their
respective properties
Community concerns
Legal or regulatory issues (e.g.,
requirements for permits)
Presence of cultural resources
Incompatible land uses on adjacent lands
Incompatible planned future land uses
Sources of funding

3.4.5 Project-Specific Implementation Activities
Project-specific implementation activities are typically undertaken by federal, state and local
governmental entities and nongovernmental organizations (e.g., citizen groups, local land trusts,
and conservation organizations) that have committed to undertaking the project. These
implementers are likely one or more of the stakeholders the watershed group identified and
involved early in the watershed planning development process. (See section 3.3.1 under the
subtitle “Identify Key Stakeholders” for a further discussion of this topic and for examples of
possible implementers.) Project implementers, regardless of who they are, should develop an
implementation plan that links back to the watershed plan. The more aligned and involved those
parties have been in the development of the watershed plan, the more likely it will be that their
efforts are explicitly being undertaken to achieve one or more goals specified in the watershed
plan. In other words, the watershed management plan is “everybody who is working in the
watershed’s plan or roadmap.” That is, of course, the ideal situation.
There are generally six common steps to implementing a wetland project: (1) volunteer or staff
preparation, (2) site preparation, (3) plant preparation, (4) installation/construction, (5) review
and preparation of as-built documentation,2 and (6) maintenance activities. Each step would be
addressed in the implementation plan. The complexity of each step will vary depending on
project goals. Exhibit 10 provides a list of some wetland restoration activities in each of the six
steps.
Exhibit 10. Example Implementation Activities by Project Implementation Phase
Project Implementation Step
Volunteer Preparation (if
volunteers are used) or
Staff/Contractor Training

2

Example Activities
• Involving the community in a wetland project can have numerous
immediate and long-term benefits.
• Volunteers can help with implementation and monitoring and help
reduce costs and encourage community support.
• Local volunteers can be found through nonprofit environmental groups,

As a project is constructed, changes in the design inevitably occur. Those changes are noted on the design plans.
The revised plans or drawings become the as-builts when the project is completed.
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Example Activities
schools, and public and private service groups.
• If staff or contractors are used, some degree of training or consultation
would need to be provided to discuss expectations and protocols to be
followed.

Site Preparation

•
•
•
•

Removal of soil, debris, and trash
Removal of polluted soils
Plugging or disabling drains
Breaching of levees

Plant Preparation

•
•
•
•
•
•

Collecting seed and cuttings
Propagating plants
Collecting newly grown whole plants
Seeding
Buying plants
In most wetlands some natural revegetation will occur, but for almost all
projects, it is best to plant and seed with indigenous species.

Engineering Design and
Permitting and Installation and
Construction

As-built Assessment

Regular
Maintenance/Management

• Developing any necessary engineering plans; applying and receiving any
required permits
• Constructing water control structures
• Grading existing soils
• Decommissioning and backfilling tiles
• Installing bank stabilization structures
The purpose of an as-built assessment is to ensure that the project has been
completed as designed and specified and that it complies with regulatory
requirements. Any deviations from the plan should be addressed,
documented, and corrected. The as-built assessment serves as a baseline for
future monitoring of the project site.
Regular maintenance, starting immediately after construction, is conducted
to ensure the site is functioning properly and is achieving project goals. Any
problems that arise should be addressed without delay. Maintenance
practices and frequency may be modified based on monitoring results
throughout the life of the site. Maintenance activities are an integral part in
the overall success and long-term management of a site. Experienced
wetland managers are good sources of information regarding important
maintenance and management activities to perform.

Source: IWWR 2003.

3.5

Watershed Monitoring Considerations When Incorporating
Wetlands

This Supplement uses the term monitoring to mean the design and implementation of methods
and tools to collect information that will answer questions on the health and integrity of
ecosystem resources. Monitoring can also be referred to as the systematic observation and
recording of current and changing conditions, while assessment is the use of that data to evaluate
or appraise wetlands to support decision-making and planning processes.3 As stated earlier, at
this phase, monitoring is performed to measure restoration progress in relation to specified goals
3

http://water.epa.gov/grants_funding/wetlands/monitoring.cfm.
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and objectives in the site plan. Monitoring methods can be visual or quantitative. The protocols
selected should ensure that the information collected will measure whether wetland activities
have performed as expected. Additionally, monitoring should be planned in a way that will allow
analysis of the data to provide direction for how any shortcomings can best be addressed through
adaptive management. Monitoring should be performed to measure success and then to assess
the need for adaptive management. Refer to chapters 12 and 13 of EPA’s Watershed Planning
Handbook for further information on monitoring during project and watershed plan
implementation. Chapter 8 of the Handbook provides information on how one might use
monitoring data or literature values to estimate pollutant loads.
3.5.1 Wetland Project Site Monitoring
Most of the monitoring during the implementation stage will be qualitative (visual) and will
entail keeping close track of developments and eliminating any problems as they arise. For
instance, invasive species may show up in a few locations even as the construction is still
ongoing. If those few plants can be observed and eliminated as they become established, they
will not be able to spread and become a larger problem. Further, when soils are disturbed, there
is an increased risk of invasive species establishing themselves. Without monitoring during
implementation, there is potential for invasive species to become well-established and require
large amounts of time and resources for eradication. The case for early and continuous
monitoring during the establishment phase cannot be overstated.
An accurate appraisal of the restored/reconstructed site is needed to be able to apply the
appropriate management techniques or gauge the performance of the project. To reach the level
of detail required for some elements (e.g., soil or water chemistry), more intensive data gathering
that goes beyond visual observations is necessary. This next level, known as quantitative
monitoring, involves the collection and recording of physical, chemical, and biological
measurements. The measurements that will provide in-depth understanding of the ecological
condition and functioning of the wetlands and provide the best opportunities to address any
deficiencies are selected. Some example elements for which qualitative and quantitative
monitoring might be performed for wetland projects are listed in exhibit 11.
Exhibit 11. Examples of Qualitative versus Quantitative Monitoring Mechanisms and Parameters
and Monitoring Frequency Considerations
Qualitative
Mechanism: visual, includes aerial and
ground-level photographs
Factors/Parameters Assessed: water
clarity, species present, vegetation
condition, and integrity of structures
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Quantitative
Mechanisms: Recording and collecting
samples; physical/analytical
measurements
Factors/Parameters Assessed: wetland
delineation (area measurement), water
levels (hydrographs), plant and animal
species, plant cover and animal densities,
index scores for flora or fauna, soil
chemistry and bulk densities, and erosion
rates
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Monitoring Frequency
•

Annually for most elements

•

More frequent monitoring until
project integrates into watershed
based on achievement of
performance standards. (This can
range from a few years to decades.)
Projects should be monitored for a
minimum of 5 years, longer if the
end goal is a forested system or
when goals and sustainability are
not met.

•

During growing season for vegetation
and wetland delineation

•

During breeding, nesting, and/or
migration seasons for animals
Year-round for hydrology

•

Source: IWWR 2003.

3.5.2 Performance Standards
Restoration projects include explicitly stated goals and objectives that tie into those stated in the
watershed plan. To assess whether a project is successful, performance standards (also called
success criteria, performance indicators, or measures of success) are established. The standards
are the means through which the project implementer will assess whether the restoration project
is achieving stated objectives and, thus, project goals.
The need for performance standards was highlighted in the 2001 NRC report on wetland
mitigation. The NRC recommended measurements of the viability of replaced wetland functions
and defined performance standards as follows:
…observable or measurable attributes or outcomes of a
compensatory mitigation project that help determine whether the
project meets its goals and objectives (NRC 2001).
In addition, the panel suggested that performance standards be clear, measurable standards that
indicate whether a restored or created wetland can be or already is self-sustaining (ELI 2004a).
Although performance standards are often discussed in the context of mitigation projects, they
should be applied to all wetland restoration projects as a way to measure the progress and
success of a project.
Performance standards should be tied to the restoration goals and objectives established
for the site during the planning process (IWR 2007). They should measure the functionality
and condition of a wetland. As a result, performance standards are site-specific. Ideally, they are
measurable and specific enough to enable one to evaluate site progress and success, and provide
the feedback needed to identify needed adaptive management. Performance standards need to be
quantifiable and specify numeric criteria, or, rather than being held to a single value, they may
specify a minimum, maximum, or range of acceptable values (Ossinger 2008). In this way, the
standards are flexible to accommodate those measured characteristics of wetlands that naturally
vary from wetland to wetland or for which a value anywhere in a range is acceptable. Those
implementing performance standards need to know the methods for measuring them and the time
frames for their achievement (IWR 2007; Ossinger 2008).
Incorporating Wetlands Into Watershed Planning
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Performance standards will be based on project
Example Performance Standards
goals and can be grouped into biotic, abiotic (see
Abiotic standards
Biotic standards
inset), and landscape-level standards and can be
• Hydrology
•
Amphibians
time-specific. For wetland restoration sites,
•
Fish
• Soils
performance standards typically include at a
•
Macroinvertebrates
• Sediment
minimum some sort of measurement for
•
Birds
• Nutrients
hydrology, vegetation, fauna, and soils (ELI
•
Mammals
2004a). Standards for hydrology may include
•
Algae
•
Vegetation
saturation of the surface or standing water during
a certain time of the year. Vegetation and fauna
Source: ELI 2004a.
standards may specify species present, diversity
of species, number of breeding populations (fauna), sizes and densities (plants), or reaching an
index score (flora and fauna) within a certain number of years (Ossinger 2008; Mack et al. 2004).
Examples of performance standards grouped by wetlands function is provided in exhibit 12. Any
time a performance standard is not met, an investigation into causes should be undertaken and
corrective actions taken. (Ossinger 2008).
Exhibit 12. Examples of Performance Standards Grouped by Wetland Function
Interspersion of differing wetland plant communities
Aquatic invertebrate diversity
Wildlife Habitat

Plants species diversity/Index of Biological Integrity (IBI) score/
Floristic Quality Index (FQI) score
Presence of birds/amphibians/fish/mammals
Presence of bird/amphibian/fish/mammal breeding populations
Wildlife community IBI score
Slope

Water Quality

Sedimentation rates
Plant phosphorus/nitrogen removal
Soil carbon/phosphorus/nitrogen sequestration rates
Size of wetland

Flood Attenuation

Number of annual dry downs (number of times the wetland empties and fills
during the year; the greater the frequency, the greater the flood storage
capacity of the wetland)
Surface water depth and duration

Source: Ossinger 2008.

Although detailed performance standards such as meeting a minimum number of plant species or
a target number of breeding populations, or reaching an index score within a set period, might
not seem attainable due to lack of time, and/or money, project implementers need performance
standards to drive the adaptive management process. Watershed management plans should at the
very least include generalized wetland performance standards similar to those for other NPS
BMPs. These should include, reaching a minimum target size and meeting design criteria to be
considered a wetland (e.g., contain a predominance of hydrophytic vegetation, hydric soils, and
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sufficient hydrology and not be dominated by invasive species). There is an increased likelihood
that projects without performance standards will not only fail to address the water quality,
quantity, and habitat goals/objectives established in the watershed plan but become an additional
problem project sponsor will have to eventually address. It is important to note that some project
funding sources will require that monitoring be performed in accordance with specified standards
and procedures. Others will require some form of monitoring to demonstrate progress and project
success. Performance standards will help project implementers ensure that they have designed
and implemented a wetland restoration, enhancement, or creation project that meets specified
goals in the watershed plan.

3.6

Watershed Long-term Management Considerations When
Incorporating Wetlands

Long-term maintenance plans for restored wetlands should be developed as part of the watershed
plan. These plans help to ensure that restored wetlands are maintained to help improve water
quality, quantity, or habitat issues in the watershed. Critical maintenance activities associated
with a newly restored wetland site include invasive plant species control, maintenance of water
control structures, site access restriction, and other activities. The maintenance plans should
specify who is responsible for the site, the specific activities to be performed, and over what time
frames. A key consideration in developing long-term management plans is to secure the requisite
funds or funding mechanisms for implementing the project plan, as well as identifying the
manager or responsible third party to manage the site long term. The timeline for site
maintenance is into perpetuity. One option for long-term stewardship might be to sell or donate
the site to a natural resource agency or land trust. Ideally, the identified long-term manager
would participate in the project and long-term management planning processes. In addition, a
conservation easement should be made for the wetland project area that clearly spells out the
activities that can and cannot occur there. This site protection mechanism transfers with the deed;
it will provide long-term protection for the wetland project and ensure that the watershed
improvement function remains in place.
If the project implementer has arranged with different parties, such as citizen groups, schools, or
consultants, to help perform monitoring or other activities, the plan should clearly specify or
reference when and where the activities are to occur and the specific sample collection and other
protocols that are to be followed. It is also important to ensure the retention of records for use by
future watershed and wetland planners should the project site change ownership.
If a wetland project is designed and implemented properly, it will likely require little long-term
maintenance. As discussed under the restoration techniques section earlier (section 3.4.2), the
less engineered a project, the fewer long-term maintenance requirements. If project implementers
are limited in terms of staff and resources, they should, at a minimum, develop a generalized
long-term management plan. This generalized plan would need to specify how and when the
project implementer or watershed group will follow up on a restoration project after it is
constructed. The plan would also need to document routine maintenance and corrective measures
to be taken in the event performance standards are not being met in perpetuity. Protection of the
restored wetland through a conservation easement must occur. With such mechanisms in place,
the project has a much greater likelihood of long-term success. Investments in the design and
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implementation of wetland restoration projects, or other environmental projects for that matter,
could be lost without some degree of maintenance being performed.
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4. Approaches for Assessing Wetlands
in a Watershed Context
This chapter includes four case studies, each of which outlines an approach for identifying
former and existing wetlands in a watershed context and prioritizing those areas that would
contribute to resolving such watershed problems as altered hydrology, impaired water quality,
and destruction or fragmentation of habitat. Linkages to watershed management plans are made
where appropriate. The costs to conduct analyses like those described in the case studies are
highly variable. Readers interested in this type of information are encouraged to contact the
investigators whose contact information is provided at the end of each case study.
Future editions of this Supplement might include case studies that show how wetlands sites
identified through assessment processes like those presented in this chapter have proceeded to
the project planning and implementation phase and have been assessed for success in relation to
performance criteria. Those case studies might also show how project implementation ties back
to the goals and objectives of the applicable watershed plan.
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Approaches for Assessing Wetlands

Michigan’s Landscape Level Wetland Functional Assessment
Tool and Wetland Restoration Prioritization Model

This case study discusses an approach the state of Michigan has developed to help watershed
groups assess the location, condition, and function of wetlands as part of the watershed planning
process. Specifically, it discusses use of an assessment process in the Paw Paw and Clinton
River watersheds. The case study also summarizes a model developed to prioritize existing and
former wetlands for restoration in the Clinton River watershed.
4.1.1 Overview of Michigan’s Wetland Assessment Tool
The landscape-level wetland functional assessment (LLWFA) tool was developed by staff of the
Michigan Department of Environmental Quality (MDEQ) in conjunction with cooperating state
and local agencies, universities, and nongovernmental organizations. It enables users to identify
existing wetlands and the functions those wetlands currently perform. The LLWFA tool also
enables the user to identify historical or former wetlands (i.e., areas of hydric soils that are not
currently wetlands) and the functions they would likely perform if restored. Exhibit 13
summarizes uses of the LLWFA.
Exhibit 13. LLWFA Uses
The information contained in an LLWFA analysis is intended to approximate wetland function
across the landscape. The NWI was used in the LLFWA analysis to report status and trends. The
approach addresses both current wetland inventory and a pre-European Settlement inventory,
to approximate change over time and provide the best information possible on wetland status
and trends from original condition through today.
Source: MDEQ 2011.

The LLWFA is modeled after the NWIPlus and W–PAWF (see chapter 2). Essentially, MDEQ
staff, with the assistance of staff of several federal and state agencies, developed an NWIPlus
database for the Midwest through the addition of regional and state-specific datasets and
mapping tools. MDEQ then pilot-tested the LLWFA in the Paw Paw River watershed. Since the
pilot, MDEQ has worked with many watershed groups in the state to use the LLWFA to assist
and encourage watershed groups to incorporate wetlands into their watershed planning projects;
the MDEQ now routinely prepares the LLWFA tool for all watershed planning projects funded
under its CWA section 319 nonpoint source program.
4.1.2 Pilot Test of the LLWFA in the Paw Paw River
Watershed
About the Watershed
The Paw Paw River watershed (PPRW) is in the southwestern
corner of the lower peninsula of Michigan in Berrien, Van Buren,
and Kalamazoo counties. The surface area of the watershed is
approximately 445 square miles. The Paw Paw River flows
westward through southwestern Lower Michigan, where it joins the
St. Joseph River, which in turn empties into Lake Michigan near
the town of Benton Harbor.
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The river and lands of the PPRW support a variety of unique natural features. They include rare
Great Lakes marshes; floodplain forests that serve as important corridors for migratory
songbirds; wetland systems and complexes, including areas where groundwater swells up over
peat mats and across glades; oak barrens; prairie remnants; and one of the largest fen complexes
in southwest Michigan. The PPRW is home to a multitude of threatened, endangered, and
general concern species and natural communities, including 23 species of animals, 46 species of
plants, 7 natural communities, and the Great Blue Heron Rookery (SWMPC 2008).
Land cover in the Paw Paw River watershed was largely forested prior to European settlement in
the early to mid-1800s. This land cover has become fragmented due to agricultural, residential,
and urban development; however, large patches of intact, natural land cover remains. Watershed
planners in the region recognize that “preservation and restoration of natural land cover, as well
as proper management of agricultural lands, will be critical to protecting and improving water
quality in the PPRW.” (SWMPC 2008, p. 27.)
Threats to the ecological health of the watershed include hydrologic alterations, invasive species,
habitat loss and fragmentation, incompatible land uses, and shoreline development. Threats to
the region’s wetlands and floodplains include filling or draining for agricultural, industrial, and
other uses; altered hydrology; exotic species invasion; altered fire regimes; and polluted runoff
containing sediments, nutrients, and chemicals (SWMPC 2008).
Developing a Watershed Management Plan and Building Partnerships
In 2008, the Southwest Michigan Planning Commission (Commission) and partners completed
development of the Paw Paw River Watershed Management Plan. The plan is available online at
http://www.swmpc.org/pprw_mgmt_plan.asp. The plan’s intention is “to guide individuals,
businesses, organizations, and governmental units working cooperatively to ensure the water and
natural resources necessary for future growth and prosperity are improved and protected. It can
be used to educate watershed residents on how they can improve and protect water quality,
encourage and direct natural resource protection and preservation, and develop land use planning
and zoning that will protect water quality in the future. Implementation of the plan will require
stakeholders to work across township, county, and other political boundaries.” (SWMPC 2008,
p. 11).
The Commission accomplished this goal by soliciting public input on all stages of plan
development and developing a steering committee made up of representatives of governmental
and non-governmental organizations to provide technical input into the plan. The Commission
reported that “[s]teering committee and sub-committee participants were instrumental in
identifying and commenting on designated uses, desired uses, pollutants, sources and causes of
pollutants, priority or critical areas and in developing goals, objectives and an action plan. Many
partners were instrumental in providing information, completing modeling efforts, organizing
and implementing the volunteer inventory and providing feedback on early versions of the plan.”
(SWMPC 2008, p. 61.) During plan development, the Commission maintained a website
containing meeting summaries and providing an online forum that allowed individuals to submit
comments in an effort to keep partners and stakeholders involved. The media also assisted by
alerting watershed stakeholders and residents of the plan.
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LLWFA Components
Development of the LLWFA for the Paw Paw River watershed involved the collection and
integration of spatial data, the classification of NWI polygons with HGM descriptors, and the
correlation of wetland functions with the NWI polygons. (See chapter 2 for background on the
NWI and HGM.) GIS technology enables users to define one or more areas of specified coverage
on a map. One can use the areas to find relationships to other features that are represented as
polygons, point data, addresses, and specific geographic locations. Exhibit 14 presents a
summary of the GIS spatial data collected and integrated for the LLWFA.
Exhibit 14. GIS Spatial Data Collected and Integrated for the LLWFA
Data Collection and Integration, General Methods
USFWS NWI (digital data based on 1:24000 aerial photos from the late 1970s and early
1980s)
• USGS and EPA National Hydrology Dataset (NHD), medium resolution (based on Digital
Line Graph (DLG) hydrography at 1:100,000 scale)
• USGS Digital Raster Graphic (DRG) topography and Digital Elevation Models (DEM)
(scanned USGS topo quads)
• NRCS Soil Survey Geographic (SSURGO) soil surveys (digitized data from paper soil surveys
at 1:24000)
• USGS National Aerial Photographic Program (NAPP) 1998 digital orthophoto mosaics
(photography usable at 1:12000)
• Michigan Center for Geographic Information’s (CGI) Framework (includes roads, political
boundaries, hydrography, census figures, etc.)
Data Collection and Integration, Pre-settlement Wetland Inventory
• NRCS soil survey data (based on 1:15,840 soil maps)
• Michigan’s Natural Features Inventory (MNFI) pre-settlement vegetation maps (derived
from General Land Office Survey maps created between 1816 and 1856)
Data Collection and Integration, 1998 Wetland Inventory
• NWI mapping based on USFWS Cowardin wetland classification system
•

Source: Fizzell 2007.

As noted previously, the LLWFA is modeled after the NWIPlus and W–PAWF, both of which
are described in chapter 2. At the time the LLWFA was developed, the W–PAWF could be used
to predict 10 wetland functions. The LLWFA evaluated nine of those in the Paw Paw River
watershed: (1) surface water detention, (2) streamflow maintenance, (3) nutrient transformation,
(4) sediment and other particulate retention, (5) shoreline stabilization, (6) provision of fish and
shellfish habitat, (7) provision of waterfowl and waterbird habitat, (8) provision of other wildlife
habitat, and (9) conservation of biodiversity (rare or imperiled wetland habitats in the local
region with regional significance for biodiversity). Stream shading was evaluated as a
subfunction of fish and shellfish habitat. MDEQ and the Commission did not evaluate the W–
PAWF wetland function of coastal storm surge detention as it was determined to not be
applicable for the watershed (Fizzell, 2007; Tiner et al. 2001).
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LLWFA Products
MDEQ produced a set of hard-copy maps as final products of the Paw Paw River watershed
LLWFA. The maps illustrated the extent of wetlands during pre-settlement and the 1998 (current
conditions) predicted wetlands of significance for the above nine wetland functions, wetlands
separated by HGM type, and wetlands separated by USFWS classification (Cowardin) type
(Fizzell 2007).
Trends by Generalized USFWS (NWI) Type

The LLWFA revealed that wetland acreage had fallen in the Paw Paw River watershed by 43
percent from pre-settlement (early to mid-1800s) to 1998. Wetlands went from constituting 23
percent of the total watershed area to constituting 13 percent during the period. Exhibit 15
illustrates these findings in map format. The number of non-forested, palustrine wetlands
increased during the period, from 1 to 15 percent for emergent wetlands and from 3 to 13 percent
for scrub-shrub wetlands. (See inset next page.) In general, MDEQ attributes the increases to
large areas of forest having been cut for timber or ineffectively drained for agriculture and then
later reverting to emergent wetlands. Some of the emergent wetlands later went to scrub-shrub
condition through succession (Fizzell 2007).
Exhibit 15. Paw Paw River Watershed Wetland Extent
Note: Pre-settlement wetlands are shown in red, and 1998 wetlands are show in green.

Source: Fizzell 2007.
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Paw Paw River Watershed Wetland Types
Pre-settlement Wetland Types: Vegetated wetlands
• 96% forested (mixed hardwood swamp, black ash swamp, and tamarack
swamp)
• 3% shrub
• 1% emergent
1998 Wetland Types: Vegetated wetlands
• 65% forested
• 15% emergent
• 13% shrub
Source: Fizzell 2007.

Trends by HGM Type

Pre-settlement wetlands covered 64,657 acres
Terrene wetlands are those surrounded by
across 3,161 wetlands. Terrene wetland types
upland (non-hydric soils).
represented nearly 60 percent of wetland area; lotic
Lotic wetlands are associated with a river or
types, 34 percent; and lentic types, 7 percent. (See
stream or their active floodplains.
sidebar for definitions of these wetland types.) The
LLWFA revealed that the number of individual
Lentic wetlands consist of all wetlands in a
wetlands increased by 187 percent during the
lake basin (i.e., the depression containing
period, but wetland acreage dropped by 43 percent.
the lake), including lakeside wetlands
In general, MDEQ attributes the increase in the
intersected by streams emptying into the
number of wetlands to landscape (i.e., habitat)
lake.
fragmentation. The types of wetlands present also
Source: Tiner 2003.
shifted: terrene (not including ponds) and lentic
wetlands dropped to representing 48 percent and 5
percent of wetland area; lotic wetlands, however, increased to representing 47 percent of wetland
area. Ponds were found to have increased in the watershed by 174 percent since pre-settlement
times.
Trends by Wetland Function

In terms of total area, the LLWFA revealed that functional loss in the Paw Paw River watershed
ranged from 62 percent (conservation of biodiversity) to 27 percent (waterfowl and waterbird
habitat). Wetlands that served as sources of streams (stream flow maintenance) experienced an
overall decrease of 44 percent (exhibits 16 and 17) (Fizzell 2007).
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Exhibit 16. Paw Paw River Watershed Pre–Settlement Wetlands with High Significance
for Stream Flow Maintenance

Source: Fizzell 2007.

Exhibit 17. Paw Paw River Watershed 1998 Wetlands with High Significance for
Stream Flow Maintenance

Source: Fizzell 2007.

In addition, ditching of headwater wetlands was found to have resulted in lost wetland hydrology
completely or to a point at which the wetlands could no longer effectively contribute to
downstream flow. The LLWFA further revealed a 50 percent reduction in the ability of the
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watershed’s wetlands to retain sediment, and nutrient transformation was found to be performing
at 55 percent of the wetlands’ original capacities. These factors contribute to worsening of
surface water quality in the watershed. In terms of habitat, waterfowl habitat was reduced by 27
percent and fish/shellfish habitat by 61 percent. The steep decline in fish/shellfish habitat has
been attributed to the loss of forested floodplain wetlands and the reduced stream flow from the
headwaters that once provided cold water for Paw Paw River watershed trout fisheries.
LLWFA Limitations
The authors of the LLWFA caution that the approach has certain limitations, which should
influence how the tool is used. For example, care should be taken when using the results of
analyses based on interpretations of aerial photography alone, such as with some of the historical
wetland extent and condition data. The LLWFA does not consider the relative significance of
two wetlands predicted to perform the same function (Fizzell 2007). The tool and others like it,
however, are not intended to be the only form of analysis performed. The LLWFA is, in essence,
a screening tool for identifying wetland types and their functions.
Summary
This study found that wetland resources in the Paw Paw River watershed have changed
drastically since pre-settlement, with both wetland acreage and function decreasing significantly.
Therefore, it was realized that wetland restoration activities could possibly lead to water quality
improvements in the watershed. It is important to remember that the LLWFA is intended as a
first-level or coarse-scale assessment of wetland location, condition, and function. A subsequent
step in the watershed planning process is to ground-truth the data from the LLWFA through
other level 1 or 2 analyses, as discussed in chapter 3. The LLWFA provides a general picture of
wetland extent and function within a watershed that can be used to identify trends in wetland
condition and function, identify initial restoration locations, and form the basis of a wetland
inventory. Watershed planners in the Clinton River and other watersheds in Michigan have used
the LLWFA to develop criteria specific to their watersheds for prioritizing potential sites for
wetland restoration, creation, or enhancement. The approach planners in the Clinton River
watershed followed is discussed in subsection 4.1.3 below.
Monitoring and Long-Term Management
Following completion of the LLWFA and other natural resource assessments, the Commission
and partners made decisions about the strategies they were going to undertake to protect/restore
the integrity of the Paw Paw River watershed. These included plans to protect and restore
wetlands. The SWMPC and partners developed milestones for implementing their various
strategies and criteria for evaluating the success of their actions. The wetland-related strategies
developed are summarized in exhibit 18.
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Exhibit 18. Paw Paw River Watershed Management Plan Implementation Tasks Associated with Wetlands
Wetland–Related Tasks

Implementation
Dates

Milestones

Evaluation Method(s)

• Number of acres protected
• Number of landowners protecting
wetlands
• Estimate pollutant loading reduction
• Number of acres protected
• Estimate pollutant load reduction

Protect Wetlands

20092013

By 2015: 20 acres
By 2018: 80 acres
By 2023: 180 acres

Protect Sensitive Lands

20142018

Restore Wetlands

20092013

By 2020: 200 acres
By 2023: 600 acres
By 2028: 1,400
acres
By 2015: 80 acres
By 2018: 180 acres
By 2023: 240 acres

Protect Wetland Streambanks

20092013

By 2015: 120 acres
By 2018: 320 acres
By 2023: 720 acres

• Number of acres restored
• Number of landowners restoring
wetlands
• Estimate loading reduction
• Number of acres protected
• Number of landowners protecting
wetlands
• Estimate pollutant load reduction

Source: SWMPC 2008.

The milestones developed for wetlands and other natural features of the watershed serve as longterm watershed goals. As individual projects are completed and their success evaluated, the
Commission and partners plan to reevaluate the watershed management plan to ensure that the
stated strategies for achieving watershed goals and objectives are still appropriate. The watershed
plan recommends that management and implementation plans be reviewed annually and that they
be evaluated against stated watershed goals and objectives at least every 5 to 10 years (SWMPC
2008).
4.1.3 Clinton River Watershed LLWFA
and Restoration Prioritization
About the Watershed
The Clinton River watershed is in southeast
Michigan and spans 760 square miles across four
counties. The watershed is north of Detroit and
has high levels of urban development. The
Clinton River watershed has been listed as a Great
Lake Area of Concern (AOC)4 since the 1980s.
The AOC includes the entire watershed, as well as
a portion of Lake St. Clair immediately
downstream of the mouth of the Clinton River. The
4

Source: Clinton River Watershed Council n.d.

AOCs are defined in the U.S. – Canada Great Lakes Water Quality Agreement as “geographic areas that fail to
meet the general or specific objectives of the agreement where such failure has caused or is likely to cause
impairment of beneficial use of the area's ability to support aquatic life.” As part of the U.S. –Canada Great Lakes
Water Quality Agreement, a Remedial Action Plan must be completed for the AOC through cooperation between
the U.S. and Canadian governments (GLIN 2005).
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AOC has eight beneficial use impairments, which include restrictions on fish and wildlife
consumption, eutrophication or undesirable algae (in the lower river and inland lakes),
degradation of fish and wildlife populations, beach closings, degradation of aesthetics,
degradation of benthos, restriction of dredging activities, and loss of fish and wildlife habitat
(USEPA 2011a). The pollutants of concern in the watershed include conventional pollutants,
high fecal coliform bacteria and nutrients, high total dissolved solids, contaminated sediments
with heavy metals, polychlorinated biphenyls (PCBs), and oil and grease.
Because of the Clinton River watershed’s status as an AOC, a Remedial Action Plan has been
completed. Local restoration criteria have been developed and approved by the Public Advisory
Committee to the AOC to address six of the eight beneficial use impairments. Efforts are
underway to further refine criteria for the fish and wildlife beneficial use impairments, including
degraded fish and wildlife populations and loss of habitat. Clinton River project priorities include
elimination of combined sewer overflows (CSOs) and storm sewer overflows (SSOs); nonpoint
source control; Superfund waste site remediation; spill notification; habitat restoration; and
elimination of illicit connections and failing septic systems. Analysis of potential wetland
restoration projects is part of the Remedial Action Plan to help restore the watershed (USEPA
2011a).
Clinton River Watershed LLWFA
A base LLWFA was performed in the Clinton River watershed using data layers similar to those
used in the Paw Paw River watershed LLWFA. Analysis of the composite map revealed that
wetlands in the Clinton River watershed have decreased significantly since pre-settlement.
Specifically, the watershed has experienced an estimated loss of 150,457 acres of wetlands
between pre-settlement and 2005, with only 25 percent of the pre-settlement wetland acreage
remaining. The average size of wetlands also decreased from 30 acres during pre-settlement to 7
acres in 2005 (exhibit 19).
Exhibit 19. Clinton River Watershed Wetland Areas from Pre-Settlement to 2005

Note: Pre-settlement wetlands are shown in red, and remaining wetlands (2005) are shown in green.
Source: Fizzell and Zbiciak n.d.
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Prioritization of Wetland Restoration Areas
Exhibit 20 shows the various data layers composing the spatial map for the Clinton River
watershed. Note that beyond the layers used in the Paw Paw River watershed, zoning and parcel
layers were also added. The zoning layers were added to facilitate the determination of current
and future land uses, and the parcel layers were added to show land ownership. Those layers
were developed as part of the prioritization model discussed below. The incorporation of the
multiple layers in the spatial map component of the LLWFA allows researchers to consider
multiple factors that can affect a wetland restoration effort (Fizzell and Zbiciak n.d.).
Exhibit 20. Map Layers for Inclusion in Clinton River
Watershed Wetland Assessment

Source: Fizzell and Zbiciak. n.d.

A soils/restoration analysis model was developed to accompany the GIS models and final dataset
generated by the LLWFA to assist watershed partners in selecting potential wetland restoration
sites within the Clinton River AOC (spatially the Oakland and Macomb County portions of the
watershed).
The model scores potential sites for the likelihood of implementing a successful long-term
wetland restoration using two sets of criteria: (1) wetland ecological integrity criteria and (2)
social and biological criteria. The wetland ecological integrity criteria are used to assess the
ability of a given site to be successfully restored and maintained as a functioning wetland. The
social and biological criteria are used to score sites for factors that may make restoration easier
or provide value added to a restored wetland (Schools n.d.). Exhibit 21 describes the
methodology used to select an initial group of potential restoration sites. This is followed by
exhibit 22, which lists the ecological and social/biological criteria and methodologies used to
refine the list of potential restoration sites.
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Exhibit 21. Site Selection Methodology in Clinton River AOC
Datasets/Models Used:
1
•
MDEQ Michigan Restoration Analysis model
•
Michigan Framework V7 Road dataset provided by the Michigan Center for Geographic Information Spatial
2
Data Library
Methodology: The Michigan Restoration Analysis model combines hydric soils data from the USDA’s SSURGO
database with data from Michigan’s circa 1800 wetlands database; it assigns scores of “1” to polygons that
coincide with hydric soils and circa 1800 wetlands. It assigns a “2” to polygons that coincide with only hydric soils,
and it assigns a “3” to polygons representing only circa 1800 wetlands. Clinton River analysts selected only
polygons assigned a “1” or a “2”. The analysts also limited their polygons to those representing an area of one acre
or more. Those polygons were then cut with a 66-foot buffer of the Michigan Framework V7 Road dataset. Once
the road buffer was removed, analysts selected those polygons greater than one acre with a restoration ranking of
“1” or “2” and having their centroid in Oakland and Macomb counties.
Results: Potential wetland restoration areas of 14,871 polygons ranging in size from one acre to 674 acres.
1

MDEQ. 2008. Land and Water Management Division, Wetlands, Lakes and Streams Unit. Statewide Wetland Restoration Analysis,
(MI_RestorationAnalysis.shp). Unpublished material, vector digital data. Contact Chad Fizzell.
2
http://www.michigan.gov/cgi
Source: Schools n.d.

Exhibit 22. Ecological Integrity Criteria and Social and Biological Criteria Used to Score Potential Wetland
Restoration Sites in the Clinton River AOC
Criterion
Proximity to an
existing wetland

Assumptions, Datasets Used, Scoring Protocol, and Results
Ecological Criteria
Assumption: A wetland restoration is more likely to be successfully implemented if it is
connected to, or located close to, an existing wetland. (If an existing wetland is already in
place, existing landscape condition such as intact hydrology, appropriate soil conditions,
and lack of drainage will be conducive to a successful restoration.)
Datasets Used: NWI for Macomb and Oakland counties
Scoring: Potential restoration sites within 200 feet of an existing wetland were given a
score of “1,” and sites within 100 feet were given a score of “2.”
Results: Out of 14,871 potential restoration sites, 8,604 (58%) were within 100 feet of a
wetland and 853 (6%) were over 100 feet but less than 200 feet from a wetland.

Proximity to a
waterway

Assumptions: A wetland restoration is more likely to be ecologically successful if it is
connected to, or located close to, an existing water body. It is easier to implement a
wetland restoration if the site intersects a ditch that can be blocked.
Dataset Used: NHD Gap dataset from the Institute for Fisheries Research at the University
of Michigan
Scoring: Sites within 100 feet of a stream feature were given a score of “1,” and sites that
intersected a canal or ditch were given a score of “2.”
Results: Out of the 14,871 potential sites, 3,353 (23%) were found to be within 100 feet of
a stream and 36 (less than 1%) were found to intersect a waterway feature.

Landscape context

Assumption: A wetland restoration is more likely to achieve maximum wetland
functionality if it is buffered from anthropogenic stresses. In Michigan, wetland restoration
tends to occur most often on or within close proximity to agricultural lands as opposed to
natural lands or urban areas.
Datasets Used:
• 2000 IFMAP dataset from the Michigan Department of Natural Resources. The dataset is
a 30-meter raster derived from Thematic Mapper remote sensed imagery. It includes 26

Incorporating Wetlands into Watershed Planning

55

EPA Region 5 Wetlands Supplement

Criterion
Landscape context
continued

Approaches for Assessing Wetlands

Assumptions, Datasets Used, Scoring Protocol, and Results
land cover types. For the purposes of the Clinton River model, the land cover types were
reclassified into three categories: urban, agricultural, and natural.
• Hawth’s Tools Thematic Raster Summary Tool to tabulate areas within polygons where
the polygons overlap (http://www.spatialecology.com/htools/tooldesc.php)
Scoring: Potential restoration sites with buffers containing less than 50 percent urban land
cover were given a score of “1.” Sites within buffers containing greater than 50 percent
agricultural land cover were assigned a score of “2,” and those sites with buffers greater
than or equal to 50 percent urban were given a score of zero.
Results: Of the 14,871 potential restoration sites, 2,465 (17%) had 50 percent or greater
agricultural lands in the 100 meter buffer and received a score of “2;” 9,567 sites (65%) had
less than 50 percent agricultural and less than 50 percent urban land in the buffer,
receiving a score of “1,” and 2,839 sites had 50 percent or greater urban land in the buffer,
receiving a score of zero.

Isolation from roads

Assumption: Roads can block the natural flow of water across the landscape and can
hydrologically isolate wetlands. Runoff from roads can contaminate wetlands. A wetland
restoration will be better able to maintain wetland functionality if the restoration is
isolated from a road.
Dataset Used: Michigan Framework V7 Road dataset from Michigan’s Center for
Geographic Information Spatial Data Library (The potential restoration sites were
intersected with the 66-foot buffer of the dataset. The selection was then switched,
selecting those sites not intersecting the road buffer.)
Scoring: Potential restoration sites were scored one point for being isolated from a road.
Results: Of the 14,871 potential restoration sites, 5,410 (36%) were found to be isolated
from a road and given a score of “1.”

Proximity to historic
wetlands

Assumptions: See assumptions under “Site Selection” category above.
Dataset Used: MDEQ’s Michigan Restoration Analysis dataset
Scoring: To give additional emphasis to those potential sites where both hydric soils and
historic wetlands are present, the sites were scored a point. Potential sites based solely on
hydric soils were not assigned a score.
Results: Of the 14,871 potential restoration sites, 3,033 (20%) were found to be based on
both hydric soils and the presence of historic wetlands.
Social and Biological Criteria

Number of
landowners involved

Assumption: A wetland restoration is more likely to be implemented when the restorable
wetland is controlled by one landowner. The smaller the number of landowners involved,
the more likely the project is to occur.
Dataset Used: Parcel data supplied by counties (A limitation of parcel data is that multiple
parcels can be owned by the same person. To reduce bias against larger sites, analysts used
the ratio of the number of parcels intersecting a site to the area of the site (number of
parcels divided by the site area) as a scoring criterion. The smaller the ratio, the better.)
Scoring and Results: Of the 14,871 potential restoration sites, 1,818 (12%) were found to
have a ratio of less than 0.5 parcel per acre and were assigned a score of “1” and 2,594
potential sites (17%) were found to contain only one parcel and were assigned a score of
“2.”
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Assumptions, Datasets Used, Scoring Protocol, and Results
Assumption: A wetland restoration is more likely to be successfully implemented if it is
located on an already protected area versus an area under private ownership. (Areas that
are already protected also presumably have arrangements for their long-term
management, which is an important component to successful wetland restoration over the
long term.)
Dataset Used: Conservation and Recreation Lands (CARL) dataset of Ducks Unlimited and
The Nature Conservancy
Scoring: Potential restoration sites completely contained within one of the selected
protected areas was given a score of “2.” Potential sites that cross the boundary of a
selected protected area were given a score of “1.”
Results: Of the 14,871 potential restoration sites, 320 (2%) were found to be completely
contained within the boundaries of protected areas and 594 (4%) were found to intersect
the boundaries of protected areas.

Proximity to an
MDEQ conservation
easement for
wetland mitigations

Assumption: Potential restoration sites within or overlapping with an easement owned by
the state has greater likelihood to be restored.
Dataset Used: Easement boundaries supplied by MDEQ
Scoring: Sites were given a score of “2” if they were completely within the area of an MDEQ
conservation easement. Sites were assigned a score of “1” if they were found to cross the
boundary of an MDEQ easement.
Results: Of the 14,871 potential restoration sites, 459 (3%) were found to reside
completely within an MDEQ easement and 552 (3.7%) were found to intersect an
easement.

Location within a
headwaters area

Dataset Used: Stream drainages supplied by the Institute of Fisheries Research
(firstOrderReach Watersheds.shp). Only first order streams were selected.
Results: 9,960 (67%) of the 14,871 potential restoration sites were found to intersect a
headwater stream drainage.

Development threat

Assumption: A wetland restoration is more likely to be successfully implemented if the
general area is not highly urbanized.
Dataset Used: U.S. Forest Service model dataset that contains projected housing densities
for the years 2010, 2020, and 2030 in any given area (mi_pbg00.shp)
Selection: Potential restoration sites that are completely within polygons having a housing
density greater than zero and less than 0.25 units/acre.
Scoring: 5,944 (40%) of the 14,871 potential restoration sites met the criterion and were
given a score of “1.”

Presence of
significant biological
features

Assumed Value: Potential restoration sites that could enhance documented significant
natural features such as rare species habitat were desired over otherwise equivalent sites
not known to enhance rare species habitats.
Dataset Used: MNFI, which is a model based on the Natural Heritage database of rare
species and high quality natural communities. The model uses the known locations of rare
species and natural communities and scores areas based on species’ state and global
imperilment, the viability of each occurrence record, and the age of the species record. The
Clinton River analysts selected 160-acre test cells with a score of 25 or greater.
Results: 191 (1%) of the 14,871 potential restoration sites intersected the cells in the MNFI
model with a score greater than or equal to 25. These sites were given one point.

Source: Schools n.d.
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The next step in the model is to prioritize the sites. The Clinton River wetland restoration
prioritization model plots site scores on separate axes in a Cartesian coordinate (XY) system,
thus dividing the scored sites into four quadrants as shown in exhibit 23. Sites with scores falling
into the upper right quadrant (high ecological and high social values) were considered to have
greater potential for restoration over sites with scores falling into the lower right quadrant (high
ecological value but lower social values) and upper left quadrant (lower ecological values but
high social values). Sites with scores in the lower left quadrant (lower ecological and social
values) were prioritized as having the least potential for restoration of sites identified (Fizzell and
Zbiciak n.d.; Schools n.d.).
Exhibit 23. Clinton River Watershed Restoration Prioritization Scoring

9

0

8

0
Source: Fizzell and Zbiciak n.d.

Each potential restoration site could score up to eight points on the ecological axis and up to nine
points on the social/biological axis. Seven was the highest score achieved by a potential wetland
restoration site on either axis. Of the 14,871 potential sites, 2,331 (16 percent) scored five or
higher on the ecological axis and 1,039 (7 percent) scored five or higher on the social axis.
The model was designed so the user can select the thresholds for each set of criteria that
determine the highest priority sites for the user’s watershed. MDEQ personnel used the model to
select potential restoration sites for the Clinton River AOC. MDEQ used thresholds of “5” for
the ecological criteria and “5” for the social criteria to arrive at an initial selection of 43 highpriority sites. Agency personnel then used additional criteria, such as single land ownership in
conjunction with a desktop review of aerial photographs, to narrow the list of 43 to six (Schools
n.d.).
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Summary
The LLWFA was used to identify the location, condition, and extent of wetlands and their
functions in the AOC portion of the Clinton River watershed. LLWFA results were further
refined by use of a wetlands prioritization model. That model enabled MDEQ to refine its list of
potential wetland restoration sites in the AOC using ecological and social/biological criteria.
Both assessment procedures are desktop-based and do not require site visits, which reduces
assessment costs. Once the number of potential restoration sites is limited, more intensive site
assessments and visits can be performed. Based on the design of MDEQ’s LLWFA and
prioritization model, the final selection of sites included only those that were historically wetland
but are not currently wetland, do not include buildings or roads, and have single or limited land
ownership. The strategy of the Clinton River AOC partners would be to restore the hydrology of
those sites.
4.1.4 Conclusion
Thus far, multiple watersheds across Michigan have found innovative ways to use the LLFWA
(USEPA 2008). Planners in the Black River watershed in Allegan and Van Buren counties have
used the LLWFA and incorporated it into watershed planning. The watershed coordinators have
implemented analyses on the connections between inland lakes and wetland resources. They
have also created a prioritization process meant to inform decision making on the site selection
of wetland restoration projects (Fuller 2005).
Another example of how the LLWFA can be incorporated into the watershed planning effort is
in the Gun River watershed. The watershed coordinators for this project used the LLWFA in
combination with their local knowledge of landowners to prioritize wetland restoration efforts
down to actual properties using parcel data. They then met with local landowners to gauge their
interest in completing a wetland restoration project on their property, assisting interested
landowners with the procedural aspects of working through the various requirements of
state/federal restoration programs (Wetland Reserve Programs, Partners for Fish and Wildlife,
etc.) to help address the needs of the overall watershed (FTC&H 2004).

For Further Information contact Chad Fizzell or Rob Zbiciak of Michigan’s Department
of Environmental Quality. Mr. Fizzell can be reached at (517) 335-6928 or
fizzellc@michigan.gov, and Mr. Zbiciak can be reached at (517) 241-9021 or
zbiciakr@michigan.gov.
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Virginia’s Catalog of Known and Predicted Wetlands

This case study presents an approach the state of Virginia has developed in a pilot watershed to
identify wetlands in a watershed context that are suitable for wetland restoration, creation, or
enhancement based on the functions and services they provide. The resultant product is a
catalog that can be used to help applicable entities select potential wetland mitigation sites
under the CWA section 404 program. The intent of the pilot was to provide a foundation upon
which a catalog for the entire state could be developed for use in multiple water quality contexts.
4.2.1 Overview

Limited NWI Coverage in Some States

In 2006, the Virginia Department of
In some regions of the country, the NWI
Conservation and Recreation (VDCR), Natural
database contains limited wetland coverages.
Heritage Program (VNHP) developed the
Researchers therefore need to overlay other
Virginia Wetland Restoration Catalog (VWRC).
data sources with NWI data to identify a more
This statewide effort originated with a request
comprehensive universe of existing and former
wetlands. Researchers often use aerial
from the Virginia Department of Transportation
photographs as a means to identify existing and
(VDOT) for VNHP to identify the “best places
future sites along with data on soils and
for wetland restoration in a particular VDOT
hydrology. After initial assessments are
district.” The purpose of the catalog was to
completed, promising sites can be visited
provide VDOT with a tool for identifying
wherein more detailed assessments of soils,
potential wetlands mitigation sites that harbored
vegetation, and hydrology can be made.
rare plant and animal populations as well as
Development of Virginia’s Wetland Restoration
exemplary rare natural community types. The
Catalog involved the creation of wetland
prediction models based on such data
original catalog identified 122 potential wetland
integration efforts.
restoration sites, which were generally situated
near Natural Heritage Conservation Sites. VNHP
researchers identified the potential restoration sites by analyzing Natural Heritage data, aerial
photography, NWI data, and other GIS datasets (Weber and Bulluck 2010). (See sidebar on NWI
coverages.)
In 2010, VNHP scientists conducted a pilot study in the Pamunkey River watershed (described
below). The aim of the pilot was to expand the
methodology developed for the initial VWRC and
create a methodology that is flexible, repeatable
in other watersheds and states, and easy to follow.
VNHP is poised to expand the methodology
statewide and for use in other water quality
contexts once project funding is secured (Bulluck
2011, personal communication).
4.2.2 Pamunkey River Watershed
The Pamunkey River watershed, in eastern
Virginia, covers 411 square miles and consists of
11 subwatersheds (Weber and Bulluck 2010).
The Pamunkey River flows southeast before
Incorporating Wetlands into Watershed Planning

Source: Weber and Bulluck 2010.

61

EPA Region 5 Wetlands Supplement

Approaches for Assessing Wetlands

merging with the Mattaponi River to form the York River, which ultimately discharges to the
Chesapeake Bay.
Designated uses are not being attained in streams in this watershed due to pH imbalances,
dissolved oxygen levels, and the presence of Escherichia coli (E. coli), and thus most streams in
the watershed are listed as impaired waters under section 303(d) of the Clean Water Act. Aquatic
life uses are also not being attained for benthic macroinvertebrates.
4.2.3 Virginia Wetland Catalog Components
Scientists at VNPH integrated input data layers from multiple data sources—most of which are
publicly available at no cost—into one GIS layer and output map, which is in turn linked with a
full attribute table of input data. The input data layers consisted of either wetland source data or
priority sources, as summarized in exhibit 24. Wetland source data were used to identify all
wetlands on the ground, beyond those in the NWI. Identification of wetlands not included in the
NWI required a preliminary modeling step, which made use of data in the NHD dataset, FEMA’s
Digital Flood Insurance Rate Maps (DFIRM), and the NRCS’s SSURGO. This model output,
and quality control (QC)/verification using aerial photography, identified many wetland areas not
indicated in the NWI coverage. The output, plus the NWI, provided the wetlands and streams
base layers to which the prioritization was applied. All wetland areas in the Pamunkey watershed
(NWI and modeled) were then prioritized using a basic suite of input datasets that rank the
integrity of lands and waters, from ecological and water quality standpoints.
Exhibit 24. Wetland Source and Priority Source Layers Used in the Virginia Wetland Catalog
Layer
National Wetlands
Inventory

Wetland Sources
Source
USFWS

Description
Shows the extent of wetlands, surface
waters and deepwater habitats in terms of
type and function.
Shows position and flow direction of lakes,
ponds, streams, rivers, canals and oceans.

National Hydrography
Dataset

USGS

Digital Flood Insurance
Rate Map (DFIRM)
Database
Soil Survey Geographic
Database

FEMA in the U.S. Department of
Homeland Security

Shows 100-year and 500-year floodplains
with zone designations.

NRCS in the U.S. Department of
Agriculture (USDA)

Shows soils classified as hydric or partially
hydric with indicators of hydric conditions.

Natural Heritage Priority
Conservation Sites
(NHPCS)

VDCR/VNHP

Shows areas of known high biodiversity and
the degree to which those places are
protected. Includes high-quality natural
environments.

Virginia Natural Landscape
Assessment (VaNLA)

VDCR/VNHP

Identifies, prioritizes, and links natural
habitats. Uses land cover data to identify
natural habitats that are not fragmented.
Ecological integrity is also represented.

Prioritization Sources
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Prioritization Sources continued
An Internet-based tracking system for
wetland mitigation banking.

Regional Internet Bank
Information Tracking
System (RIBITS)
Impaired Waters of
Virginia

USACE

Healthy Waters of Virginia

VDCR

Farmed Wetlands

VDCR/VNHP

Virginia Department of
Environmental Quality (VDEQ)

Shows waters that do not meet water
quality standards in accordance with CWA
section 303(d) list requirements.
Shows streams that are considered
ecologically healthy based on data collected
on aquatic species, instream habitat,
condition of banks, and condition of buffer
areas.
Shows lands that were likely priorconverted wetlands based on agricultural
land cover data and wetland data.

Source: Weber and Bulluck 2010.

Researchers subsequently assigned weights to the priority data layers to derive an overall ranking
of a wetland’s relative value for mitigation within the watershed. Weights were assigned to the
priority layers on a scale of 1 to 5 with “1” being the least important/least valuable and “5” being
the most important or valuable (Weber and Bulluck 2010). Those weights were assigned with
full transparency so that any user of the catalog’s outputs could manipulate weights (i.e.,
influence outputs such that different types of mitigation sites would be highlighted in the output
map). In this pilot, weights were assigned as follows: the Natural Heritage Priority Conservation
Sites were ranked from 1 (lowest) to 5 (highest) based on Biodiversity Site score. Core habitat
areas from the VaNLA carried 1 (lowest) to 5 (highest) weights based on various factors,
including habitat core size, length of interior streams, abundance of wetlands, diversity of
wetland types, and known presence of rare species. Areas in the landscape corridors portion of
the VaNLA were all weighted “1,” and sites in RIBITS, the CWA section 303(d) impaired
waters dataset, healthy waters dataset, and farmed wetlands dataset were all weighted “3.” A
collective mitigation priority ranking was then calculated for each site, and the sites were ranked
based on the sum of their weights for all priority layers on a final 1-to-5 point scale (Weber and
Bulluck 2010). Exhibit 25 is a map of the streams and wetland areas ranked by their collective
priority scores.
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Exhibit 25: Pamunkey River Watershed Wetland Priorities

Source: Weber and Bulluck 2010.

To add practical value to outputs, each priority mitigation area was intersected with land
ownership parcels, so that users of the catalog could easily see (through the output map and the
output data table) the parcel-specific contribution to a particular mitigation opportunity (Weber
and Bulluck 2010). Exhibit 26 is a map of the parcels, prioritized by their potential to contribute
to mitigation efforts on the wetlands and streams they harbor.
Exhibit 26: Pamunkey River Watershed Wetland Priorities by Parcel

Source: Weber and Bulluck 2010.

4.2.4 The Results
The outputs of the pilot study included GIS outputs and maps of prioritized wetlands and streams
where mitigation opportunities exist in the Pamunkey River watershed. The GIS outputs include
a full attribute table that delivers all input data for all priority areas identified in the analysis.
Indeed, this output table offers the most useful study outputs. Users can include additional data
in the analysis, remove certain datasets, and/or alter the weights assigned to all prioritization
layers, and thereby run their own analyses, leading to output maps that focus on the aspects of
wetlands they find most valuable. For example, a user might like to elevate weights for all
wetlands and streams with rare species conservation values, so that those opportunities are
highest ranked in output maps. Or, one might prefer to adjust weights to select for CWA section
303(d) streams and associated wetlands to highlight restoration opportunities. Alternatively, one
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could elevate the weights for healthy waters, so that that those conservation opportunities are
highlighted in the map. Project outputs also included systematic instructions on how to apply the
methods used in other areas of Virginia (Weber and Bulluck 2010). This straightforward,
practical approach could be employed by researchers in other states using the same national and
analogous state level datasets.
4.2.5 Summary
VNHP is ready to expand the methodology statewide, enhance it with updated input data and
modify it for alternative water quality purposes. For example, VNHP staff envision adding
certain additional input layers to lead to outputs that more finely “tease apart” the best potential
opportunities for restoration versus creation, versus preservation, versus enhancement. This
could be accomplished with a similarly undemanding approach that incorporates available
datasets, which more thoroughly identify the following:
•
•
•
•
•
•
•
•

A biological health assessment of all stream reaches and watersheds in Virginia
(Only exceptional waters were incorporated into the pilot study.)
All Virginia surface waters based on water quality tier
CWA section 303(d) impaired waters
CWA section 319 watersheds
Updated parcel-level conserved lands with biodiversity management intent and legal
protection status classifications
The Nature Conservancy’s forest matrix blocks
2012 updates to all other inputs as available
Others, as appropriate

In this pilot, analyses of 2009 high-resolution aerial photography were used to QC modeled
wetland finds. In a statewide approach, VNHP inventory biologists will ground-truth the results
of the wetland prediction model and the prioritization of mitigation opportunity areas through
field visits to assess wetland presence (via wetland soils, hydrophytic vegetation, and evidence of
wetland hydrology), wetland habitat value, and wetland function.

For Further Information contact Jason Bulluck, Natural Heritage Information Manager,
Virginia Department of Conservation and Recreation at (804) 786-8377 or Jason.bulluck@dcr.
virginia.gov.
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Assessing Wetland Restoration Potential for the Cuyahoga River
Watershed (Ohio)

This case study presents an approach to identify a suite of sites and then predict their suitability
for wetland restoration for the Cuyahoga River watershed in northern Ohio. The prediction
model was aimed at prioritizing wetlands sites that, if restored, would enhance water resource
integrity or the ability of the watershed to meet CWA goals for the support of aquatic life (White
and Fennessy 2005).
4.3.1 Watershed Description
The Cuyahoga River watershed spans 813 square miles and
drains 1,220 miles of streams across four counties in
northeastern Ohio. The Cuyahoga River changes direction,
flowing south before flowing north into Lake Erie near
Cleveland (Fennessy et al. 2007).
The Upper Cuyahoga River watershed has a large number of
high-quality and intact wetlands, a large portion of which are
owned by the City of Akron. Land use in the upper basin is
primarily agricultural. This portion of the watershed is known
for having a large number of rare and listed plant and animal
Source: CRCPO n.d.
species. The Middle Cuyahoga watershed is predominately
suburban and urban with some agriculture. Soils are considered highly erodible, making
sediment and nutrient loadings an issue for water quality. The Lower Cuyahoga watershed is
highly urbanized with industrial and urban development. Construction site runoff, industrial and
municipal point sources, CSOs, and land disposal of waste are all threats to water quality in the
Lower Cuyahoga watershed (Fennessy et al. 2007).
4.3.2 Cuyahoga River Watershed Assessment Components
Researchers first used a modeling approach to identify the
spatial distribution of sites most suited for wetland
restoration. They assigned scores to six variables known
to influence wetland restoration (see sidebar). Each grid
(i.e., at a 25 meter cell resolution) in the study area (entire
Cuyahoga River watershed) was assigned a score for each
criterion. The relative importance of each of the criteria
was then weighted using best professional judgment. The
relative importance of pairs of criteria were then rated
using a nine point scale (White and Fennessy 2005).

Local Variables
•
•
•
•

Hydrologic regime
Vegetative character
Soil character
Topography

Landscape Variables
•
•

Overland flow distance
Attainment of aquatic life use
standards in adjacent streams

Researchers selected variables for the model on two
Source: White and Fennessy 2005.
spatial scales: (1) using local parameters or those that
define wetland properties or form and (2) using landscape parameters or those that best
characterize wetland function. Each of the local and landscape variables was scaled based on
presence or absence. For example, if hydric soils were not present in a site (grid cell), it was
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excluded and if land use classes for a site were urban, water, or transportation, the site was
excluded (White and Fennessy 2005).
Researchers used five additional criteria related to wetland form and function. Strahler stream
order and overland flow length (i.e., distance from each grid cell to the nearest stream channel)
were used to represent watershed position. Topographic-based saturation index and land
use/cover type, after excluding urban, water and transportation uses, were used to determine the
suitability of a given site (grid cell) to support a wetland (e.g., whether wetland hydrology could
develop). Water quality impairments were included to enable prioritization of sites for
restoration. Sites with a higher proportion of stream segments not meeting water quality
standards have a higher potential to benefit from wetland restoration (White and Fennessy 2005).
Water quality use attainment is of particular concern
in the Cuyahoga River watershed because eight
beneficial uses are considered impaired due to
cultural eutrophication (nutrients), toxic substances
(PCBs and heavy metals), bacterial contamination,
habitat modification, and sedimentation. The sources
of these contaminants vary but include municipal and
industrial discharges, bank erosion, commercial/
residential development, atmospheric deposition,
hazardous waste disposal sites, urban stormwater
runoff, combined sewer overflows, and wastewater
treatment plant (WWTP) bypasses (USEPA 2011b).

Water Quality Beneficial Use Impairment
in the Cuyahoga River
•
•
•
•
•
•
•
•

Restrictions on fish and wildlife
consumption
Degradation of fish and wildlife
populations
Beach closings
Fish tumors or other deformities
Degradation of aesthetics
Degradation of benthos
Restriction on dredging activities
Loss of fish and wildlife habitat

Source: USEPA 2011b.

Researchers developed three different variations of
the model depicting restoration potential by altering the weights assigned to the five parameters
described above. The three model variations generated were (1) base model, (2) alternative
weights model, and (3) transmissivity variation model.
4.3.3 The Results
The base model identified potential wetland restoration sites in the watershed based on
estimating land suitability by averaging data layers with no adjustments or priorities established.
In the base model, few areas scored in the top restoration potential category (White and Fennessy
2005). Those that did were areas located in the headwaters of subwatersheds. The highest density
of sites was found in the upper northeastern peninsula of the watershed (Geauga County).
Researchers posited that this was due to land use in the area being primarily agricultural, water
quality being impaired, and hydric soils being present (White and Fennessy 2005).
Researchers developed two different variations of the suitability (base) model depicting
restoration potential by altering the weights or calculations for the functionality criteria described
above. In one analysis, more weight was given to aquatic life use attainment and stream order
(alternative weights variation). As a result, a greater number of high-restoration-potential sites
were identified downstream in rapidly urbanizing areas, such as Akron and Cleveland. In a
second sensitivity analysis, researchers examined the inclusion of soil permeability in the
topographic saturation index to account for the drainage potential of soils (transmissivity
Incorporating Wetlands into Watershed Planning

68

EPA Region 5 Wetlands Supplement

Approaches for Assessing Wetlands

variation). Researchers found an inverse relationship between transmissivity (i.e., horizontal
water flow in an aquifer per unit of time) and soil “wetness.” That is, as transmissivity increased,
soil wetness decreased. Few sites with low soil wetness or high transmissivity scored in the high
restoration potential category (White and Fennessy 2005).
An examination of the similarities of the three model runs showed similar distributions of
wetlands but differences in many of the restoration potential values within a grid cell. All three
models allocated a high restoration potential to the northeastern peninsula portion of the
watershed (i.e., the area with low water quality, a high proportion of hydric soils, and low levels
of urbanization). Overall, the analyses highlight the significance of variation of model inputs on
model output (White and Fennessy 2005).
Researchers also examined the spatial patterns of the three models and their relationships to the
local and landscape variables and the five-factor criteria. They found that sites that meet state
standards for supporting aquatic life tend to dominate the distribution of sites with high
restoration potential in the three models. Conversely, the distribution of overland flow length
was found to have a very low influence on model results. Researchers suggest that the overland
flow length criterion might have greater influence on model outcomes in watersheds with less
articulated stream networks. In such watersheds, the criterion could be used to help identify sites
with the highest potential downstream benefits (White and Fennessy 2005).
4.3.4 Summary
The model developed for the Cuyahoga River watershed, like others discussed in this
Supplement, could be adapted for use in other watersheds. Toward this end, the Cuyahoga
researchers generalized the model into two phases—a resource phase and an application phase
(exhibit 27). The first phase involves the identification of the broad expanse of sites to
investigate. The second phase involves the selection of a subset of sites having high restoration
potential using criteria developed to achieve the stated watershed goal(s), which, in the case of
the Cuyahoga, was to improve water resource integrity. For the purposes of the investigation,
researchers defined water resource integrity as the ability of a lotic system to meet CWA goals
for the support of aquatic life (White and Fennessy 2005). Researchers in other watersheds might
have different goals, such as the restoration of hydrologic integrity or the addition of certain
types of habitat, and they could modify the weighting of the model’s factors accordingly.
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Exhibit 27. Two–Phase Model Description
Resource Phase
• Soil properties (e.g., hydric, percent organic matter, permeability)
• Proximity to other wetlands (e.g., seed banks of hydrophytic vegetation)
• Topographic properties (e.g., concavity and flow accumulation)
• Existing land use and land cover
• Existence of an appropriate hydrology (saturation index)
• Land ownership (in terms of availability)
Application Phase
• Land ownership (in terms of cost to purchase)
• Connectivity of landscape patches
• Size (as a minimum area) and contiguity of adjacent land use types
• Overall wetland quality desired

For Further Information contact Dr. M. Siobhann Fennessy, Associate Professor of
Biology and Environmental Studies, Kenyon College, at (740) 427-5455 or fennessym@
kenyon.edu.
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Alternative Futures Analysis (AFA) of Farmington Bay Wetlands
in the Great Salt Lake Ecosystem (Utah)

This case study presents another method for assessing wetlands in a watershed context and
prioritizing those for restoration. In this approach, researchers modeled future scenarios based
on the stated goals and objectives of watershed groups and other stakeholders using landscape
and site-level scientific data in a geospatially explicit format. Study outcomes are intended to
help environmental managers envision future conditions of wetlands under varying cumulative
management practices. The information can assist environmental managers and others in
making informed land and resource use decisions. The approach and tools used in the
Farmington Bay study could readily be tested in other communities in the Great Salt Lake Basin
and could be adapted for use elsewhere in the country.
4.4.1 Purpose and Overview
EPA’s Office of Research and Development (Sumner et al. 2010) conducted an AFA of
Farmington Bay wetlands in the Great Salt Lake (GSL) Ecosystem. The Bay is located northwest
of Salt Lake City, Utah, and includes parts of Salt Lake and Davis counties. The Farmington Bay
wetlands provide essential habitat for migratory shorebirds, waterfowl, and waterbirds from the
Pacific and Central Flyways of North America, and the wetlands help control excess nutrient
pollution to the bay. The greatest threats to
the wetlands are upland development,
increased pollutant loadings, and changes
in freshwater availability. Average annual
population is expected to increase in the
area roughly two percent between 2005 and
2020.
EPA’s aim in conducting the study was to
develop a method of forecasting and
quantifying the cumulative effect of
management practices on wetland
ecosystem services. The scope of the study
was limited to assessing the wetlands’
support for biodiversity (avian habitat, in
Source: Sumner et al. 2010.
particular) and ability to retain, recover, and
remove nutrients. One underlying premise of the study was that “project-by-project review by
communities leaves too little time and money for regulatory, conservation and development to
adequately plan and assess land and water use. Monitoring is frequently inadequate to reveal
problems or trigger corrective actions.” (Sumner et al. 2010). A landscape-level approach,
however, enables stakeholders to consider and adopt explicit ecosystem management goals for
wetlands (or other natural resources) in the context of a larger watershed. The goals are
developed through an open community process and form the initial boundaries around which
alternative futures are examined.
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4.4.2 AFA Approach
The AFA was developed by Carl Steinitz in 1990 as a planning framework to help communities
consider options for managing land and water use (Steinitz 1990). The approach helps
communities articulate their visions for the future and understand the consequences of different
land and water management decisions. The AFA generates a collection of alternative landscape
design scenarios for a geographical area. In particular (Sumner et al. 2010):
•
•
•
•

The AFA illustrates the scenarios on maps by showing future land use.
The trend scenarios show future land use based on assumed implementation of current
day management practices into the future.
Conservation-based scenarios depict future land use based on assumed implementation of
a plausible set of innovative protection, restoration, and treatment practices.
Once the scenarios are developed, they are modeled and evaluated against a set of
ecological endpoints or outcomes. (The Farmington Bay study specifically focused on the
ecological outcomes of water quality and avian habitat use as forecasts of ecosystem
services.)

An AFA is aimed at answering some of the same fundamental questions outlined in EPA’s
Watershed Planning Handbook. The specific questions posed in the Farmington Bay study
included the following (Sumner et al. 2010):
1. How should the landscape be described?
2. How does the landscape operate?
3. By what actions might the current representation of the landscape be altered?
4. How does one judge whether the current state of the landscape is working well?
5. What predictable differences might the changes cause?
Answers to questions 1, 2, and 4 help investigators establish baseline conditions for a watershed
management plan. Answers to questions 3 to 5 can be used in the watershed planning process to
develop an implementation strategy. Those two specific questions allow for integration of
wetlands and wetland restoration into the watershed planning process. To complete use of the
AFA, the design questions are reordered and discussed. This sets the stage for a second iteration
of the AFA, which can be performed by environmental managers and community stakeholders.
4.4.3 Land Use Scenarios, Wetland System Templates, and Ecosystem Service
Models
In the Farmington Bay study, the project team used models to evaluate a set of five scenarios—
one to reflect current landscape settings (2003) and four to provide alternative visions of the
future based on land use projections to the year 2030. The five scenarios are called the Current
Scenario 2003, Future Scenarios, Plan Trend 2030 Scenarios, Conservation 2030 Scenarios, and
2030 Lake Level Rise Scenarios. The Current Scenario 2003 was developed to serve as a
baseline for measuring the cumulative effects of land use and water use change, as predicted for
each future scenario. A common set of urban growth and water use/availability projections were
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applied in each of the future scenarios. The wetland and habitat management assumptions used
in each of those scenarios, however, varied. The Plan Trend 2030 Scenarios characterized the
future landscape under two different water level elevations for the Great Salt Lake. Each of the
Plan Trend Scenarios assumed that currently enacted policies and development and conservation
trends would continue into the future. The Conservation 2030 Scenarios were based on the same
land use and water use assumptions as presented in the Plan Trend Scenario; however, the 2030
Scenario designated certain wetlands as priorities for conservation and restoration. The
Conservation Scenarios identified all natural wetlands below 4,217 feet as critical lands for
protection and restoration and assumed that there would be no net loss in the quantity and quality
of wetlands above 4,217 feet in elevation (i.e., within the shorelands area of Farmington Bay,
between 4,217 feet and 4,230 feet in elevation) (Sumner et al. 2010).
The 2030 Lake Level Rise Scenarios involved the overlay of the effects of a lake level rise to
4,212 feet onto the Plan Trend and Conservation Scenarios using FEMA flood assessment GIS
data and digital elevation model data and allowed researchers to evaluate wetland acreage
change resulting from higher lake water levels (Sumner et al 2010). Additional design features
for each of the five scenarios briefly described above are provided in exhibit 28a.
In addition to the scenarios, researchers also developed three study templates designed to
represent “typical” landscape patches (i.e., functional units of the landscape) common across the
Farmington Bay shorelands. The purpose of the templates was to evaluate how different classes
of wetland patches along the shorelands would respond to the management practices assumed in
the five scenarios. The name of each template corresponds to the dominant class of wetland
within the template—Impoundment Template, Fringe/Emergent Template, and Playa Template
(Sumner et al 2010). Exhibit 28b further describes design aspects of the templates.
Researchers also developed ecosystem services and evaluation models as part of the Farmington
Bay AFA. They focused specifically on two ecosystem services: support for avian habitat and
control of excess nutrients and pollutants. The two services were selected in response to
perceived community concerns and values associated with wetland ecosystems. Further details
regarding the two ecosystem models are provided in exhibit 28c.
4.4.4 Results
Through the study, researchers determined that the Conservation Futures model would protect
the most wetland acreage and highest category of suitable avian habitat. In contrast, the model
based on implementation of current day management practices (Current Scenario 2003)
predicted declines in the highest class of suitable avian habitat. Researchers further found that
both management scenarios predicted that future loadings of nutrients to the watershed would
increase due to point source discharges.
The Farmington Bay study included an assessment of restoration opportunities in the watershed.
Wetlands with high restoration potential were those identified as meeting the following spatial
criteria:
•

Must intersect a 30-meter buffer around conveyances because of a conveyance’s ability
to deliver managed flows to the wetland. (Conveyances are manmade structures designed
to carry water, such as canals and drainage ditches.)
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•

Must contain all-hydric soils because they are an indicator of areas containing existing
wetlands or suitable for restoration.

•

Must possess interior habitat of at least 30 meters from a wetland edge (i.e., areas with no
major roads, train tracks, power lines, or developed structures).

•

Must not be seasonally flooded lacustrine, nonvegetated wetlands that are typically found
below 4,200 feet.

Researchers also assessed the presence of public or private lands. Public lands (i.e., lands owned
by federal, state, and local governments) provide the most immediate opportunity for
conservation or restoration activities as there would likely be fewer barriers for obtaining the
wetlands. For the purposes of the analysis, public lands also included lands owned by nongovernmental organizations; and private lands included all categories of private ownership.
4.4.5 Summary
Although there were some limitations in the availability of Farmington Bay wetland monitoring
and assessment data, the overall approach and GIS-based evaluation models that were used
provided useful future predictions regarding potential impacts to wetland areas that could support
decision making. The AFA provides a transparent means for organizing and communicating
complex scientific information to a diverse group of stakeholders and improving communication
among stakeholders (Sumner et al. 2010).
This assessment approach provides watershed groups with information on tools they can use to
predict what a watershed, including its wetlands, would look like in the future depending on the
criteria used for land use management. Watershed groups and local and other decision makers
can incorporate this information into watershed plans and develop proactive approaches to
addressing water quality problems, altered hydrology, and habitat fragmentation or destruction.

For Further Information contact Richard Sumner, Regional Liaison to EPA National
Wetlands Program, Western Ecology Division, EPA Office of Research and Development at
(541) 754-4444 or sumner.richard@epa.gov.
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Exhibit 28a. Current and Future Scenarios under AFA of Farmington Bay Wetlands
Information in this exhibit was directly excerpted from Sumner et al. 2010.

Current Scenario

Future Scenarios
2030 Plan Trends
Plan Trend 4,200

Plan Trend 4,212

(characterizes future
landscape under GSL
water elevation of
4,200 feet)

(characterizes future
landscape under GSL
highest water elevation of
4,212 feet)

2003

Baseline for measuring
cumulative effects of
land use and water use
change as predicted for
each future scenario.

Information in the
baseline
characterization
include:
•

Water availability
estimates

•

Annual estimates
of ground and
surface water
withdrawals

•

Point source
discharge data

•

Dam flows and
irrigation canal
flows

•

Annual estimates
of water imported
via Davis
Aqueduct

•

Flows and
concentrations of
nutrients in
effluent from
point sources

2030 Conservation Trends
Conservation Trend
Conservation Trend
4,200
4,212
(characterizes future
landscape under GSL
water elevation of 4,200
feet)

(characterizes future
landscape under GSL
highest water elevation of
4,212 feet)

•

Assumes current policies and conservation trends
will continue.

•

Uses same land use and water use assumptions as in
Plan Trend scenarios.

•

Wetlands below 4,212 feet in elevation were
presumed safe from development.

•

•

Based on projected population growth, land use
change, increase in flow delivery and nutrient
loads, and a decrease in the quantity of upland
wetlands.

Scenarios differ from Plan Trend scenarios in that
certain wetlands are designated for conservation and
restoration.

•

All natural wetlands below 4,217 feet are identified
as critical lands for protection and restoration.

•

Scenario assumes no net loss in the quantity and
quality of wetlands above 4,217 feet elevation within
the shorelands area (4,217 to 4,230 feet in elevation).

•

Provisions are included for restoration of wetlands
and associated habitat in the shorelands area to
offset wetland degradation and conversion.

•

Assessment of potential restoration opportunity was
performed to identify areas suitable for restoration;
these provide resource capacity needed to sustain
the no net loss design.

•

Lake level rise to 4,212 feet was taken into account
(simulation allowed for an evaluation of wetland
acreage levels).

•

Wetlands and associated habitat above 4,212 feet
in elevation were removed from land use data
layer.

•

Wetlands between 4,212 and 4,217 feet were
assumed to be at risk from land conversion; they
were converted to upland land use in scenarios.
FEMA has set 4,217 feet as the critical elevation
line for planning around Farmington Bay.
Development below this line poses risks to
property, persons and structures as lake levels rise
and recede. Assumption made that counties
adhere to no build zones less than 4,217 feet.

•

Design assumption is that lost wetlands will be
replaced with a mix of low-density development
and parks.

•

Design assumption that current extent of invasive
plant, Phragmites, will increase by a perimeter
rate of 5 meters per year based on studied
perimeter expansion rates by other researchers.

•

Lake level rise to 4,212 feet was taken into
account (simulation allowed for an evaluation of
wetland acreage levels).

Data sources for all four future scenarios:

•

Land use projection data from Salt Lake and Davis Counties. Adjustments were made using proposed changes
presented by the Northwest Quadrant Master Plan.

•

Water availability based on flow return projections from wastewater treatment plants (WWTPs), groundwater
discharge, municipal and industrial discharges, inputs from canal diversions and other withdrawals.

•
•

Future projected flow estimates for Salt Lake County WWTPs and an additional facility in Riverton from County.
Future projected flow estimates for Davis County based on population projections from Central Davis Sewer
District 2008 Operating Budget.
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Exhibit 28b. Wetland Type Study Templates under AFA of Farmington Bay Wetlands
Information in this exhibit was directly excerpted from Sumner et al. 2010.

Study Templates
Fringe/Emergent Template

Impoundment Template
•

Impoundments are critical for controlling
high flows, administering water rights
allocations, and managing habitat for
migratory waterfowl.

•

Template is a 2,230-acre wetland
complex consisting of a string of several
diked units.

•

The major conveyance of water is the
Ambassador Cut.

•

Flows to the Ambassador Cut are first
subjected to dams, diversions, and
wetlands.

Playa Template

•

Template is a large, 10,922-acre complex
of wetlands located on the eastern shore
of Farmington Bay.

•

The template is a 1,167-acre wetland
complex located in the northwest
corner of Salt Lake County.

•

Comprised mainly of lacustrine wetland
types on the southwestern edge of the
template.

•

•

Upslope, the fringe template becomes
dominated by emergent class wetlands.

•

Three major water conveyances to
template include Baird Creek, Holmes
Creek, and Kays Creek.

The major conveyances of water to the
template are the North Pointe
Consolidated Canal and the Goggin
Drain. Both structures carry diverted
water from the Jordan River and flow
into the GSL at the Kennecott
Mitigation wetlands.

•

The Central Davis Sewer District is
located at the outflow of Baird Creek into
the Farmington Bay wetlands.

The Goggin Drain carries natural
drainage and surplus water spilled
from canals.

•

Playa class wetlands in the template
are shallow depressional systems that
have highly variable hydric periods.
They fluctuate from dry and wet
throughout the entire year. They can
be vegetated or nonvegetated.

•

The wetlands in the template are
managed by the Inland Sea Shorebird
Preserve. Water level fluctuation
within the wetlands is controlled to
support their use by migratory
shorebirds and waterbirds.

•

•

Also located in template is the 4,000-acre
Great Salt Lake Shorelands Preserve.

Exhibit 28c. Ecosystem Service Models under AFA of Farmington Bay Wetlands
Information in this exhibit was directly excerpted from Sumner et al. 2010.

Ecosystem Service Models
ArcView–enabled, Generalized Watershed Loading
Avian Wetland Habitat Assessment Model (AWHA)
Function (AVGWLF) Model
•

The profiles provide a means of tallying and reporting the
abundance of wetland classes within a defined area. The theory
behind profiles is that the abundance, distribution and condition
of wetlands in the landscape reflect the broad scale of processes
that sustain ecosystems (Sumner et al. 2010,Bedford 1996,
Bedford 1998, Gwin 1999, and Johnson 2005). Those same
processes factor into the delivery of ecosystem services.

•

The developed profiles provide a coarse index of wetland
support for avian habitat, one of the key ecosystem services
provided by the Farmington Bay wetlands.

•
•

The model is GIS–based.

The model produces a habitat index that predicts the change in
the highest class of suitable habitat available for each bird
grouping under conditions set by the future scenarios defined as
part of the AFA as opposed to indicating the presence or
absence of a species.
See Sumner et al. 2010 for further details on development of the
model.
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•

The objective of the exercise was to build understanding about
the risks posed by the delivery of pollutants to wetlands and avian
habitat.

•

The AVGWLF is based on the Generalized Watershed Loading
Function (GWLF) Model originally developed by Haith and
Shoemaker in 1987 in New York to simulate runoff, sediment and
nutrient (nitrogen and phosphorus) loadings from a watershed
with various land uses, soil distributions, and management
practices.

•

The AVGWLF was developed by Dr. Barry Evans (2008) at
Pennsylvania State University for use by the Pennsylvania
Department of Environmental Protection. It has been used by
state and federal agencies for simulating watershed processes
and allocating pollutant loadings among various sources.

The final calibrated model allowed the outputs of water flow,
sediment, and nutrients being delivered to the Farmington Bay
wetlands from the various sources through the watershed to be
simulated. This information on present-day loading enabled
future scenarios to be modeled in AVGWLF to predict future loads
in the wetlands due to various changes in the watershed.
See Sumner et al. 2010 for further details on development of the
model.
•
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Conclusion: Next Steps

The Supplement is not intended to be inclusive of all the potential ways to incorporate wetlands
into the watershed planning process. The approaches discussed, however, are now successfully
being used to target specific wetlands in watersheds to address water quality, water quantity, and
habitat issues—problems that plague most of the nation’s watersheds.
Future editions of this Supplement might include additional case studies that show how wetland
sites identified through assessment processes like those discussed in this chapter proceeded to the
planning and implementation phases of wetland restoration, enhancement, and creation projects
and how each of those projects was designed in keeping with watershed plan goals. Below are
two examples that provide a glimpse of such efforts.
Example 1
The Gun River Greenbelt and Wetland Restoration Initiative (GRWI) partnered with the Allegan
and Barry County NRCS Field Offices and the USFWS to implement a “door to door” wetland
restoration program targeted at properties identified as having high wetland restoration
potential based on use of the LLWFA and other analyses. The “door to door” campaign targets
restoration sites within the watershed that would have a high potential to reduce nutrients and
sediment within the watershed. Once those land parcels were identified, a direct mailing effort
was used to inform the respective landowners of wetland restoration opportunities and funding
avenues for the identified properties. The wetland restoration program successfully funded
three wetland restorations sites within the Gun River watershed through the NRCS Wetland
Reserve Program The three projects were able to access conservation easement funding for local
producers and are currently (November 2011) in the easement writing stage of implementation.
Construction of the three projects is slated to begin in the fall of 2012. The restorations include
over 176 acres of conventional farmland being converted to their historic wetlands within the
Gun River watershed. Those restorations once completed will have a dramatic impact on
sediment reductions in the watershed as well address the flashiness of the river system.
Source: MDEQ 2011.

Example 2
The conservation districts in the Black River watershed in Allegan and Van Buren counties have
worked to develop a wetland restoration prioritization process meant to inform decision making.
Specifically, the Van Buren County Conservation District in Michigan partnered with the
Southwest Michigan Land Conservancy (SWMLC) for several wetland protection projects through
both donation and purchase of development rights. One of the parcels donated to the SWMLC
contained approximately 30 acres of lost wetland. According to the LLWFA, there were historic
wetlands on the site that scored “high” for streamflow maintenance, nutrient transformation,
and wildlife habitat. There were also lost wetlands that scored “medium” for surface water
detention, sediment retention, and shoreline stabilization.
The District used the significance of the functions to justify its request for funding and local inkind match from the MDEQ, Ducks Unlimited, and the USFWS. All three partners committed
funds and/or technical assistance on the restoration. The group is currently in the preliminary
design phase. USFWS and MDEQ will likely fund a majority of the construction through the CWA
section 319 grant the District received. A neighboring landowner heard about the project and
decided he would like to donate his development rights and have the restoration expanded onto
his property.
Source: Fuller 2005.
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Further, we have established an ongoing process to identify successful wetland restoration
projects that have resulted in water quality/quantity improvements. We will post links to these
selected projects, along with the Supplement, on the Wetlands, Oceans, and Watersheds web site
when they are finalized (http://www.epa.gov/owow_keep/NPS/pubs.html). Although some
examples may not be part of a watershed plan, they show how wetland restoration can begin to
address water quality/quantity goals that are likely to be part of a watershed group’s watershed
management plan.
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Appendix A: Federal Programs and Acts Affecting
Wetlands in the United States
Program or Act
Clean Water Act

Agency

Effect of Program

EPA, USACE,
USFWS,

Section 404 establishes a permit program for the discharge of dredged
or fill material into all waters of the United States, including wetlands.
Section 402 requires permits for discharges of other pollutants into all
waters of the United States, including wetlands.
Section 319 provides grant money for various activities supporting
nonpoint source implementation projects, including wetland
restoration, creation, and enhancement projects.
Designates various undeveloped coastal barrier islands for inclusion in
the Coastal Barrier Resources System. Designated areas are ineligible
for federal financial assistance that may aid development. Public Law
100-707, the Great Lakes Coastal Barrier Act of 1988, proposed
undeveloped barriers along the Great Lakes for inclusion in the
System.
Provides for interagency wetland restoration and conservation
planning and acquisition in Louisiana, other coastal states, and the
trust territories.

Coastal Barriers
Resources Act (Public Law
96-348) (1982)

NOAA

Coastal Wetland Planning,
Protection, and
Restoration Act (Public
Law 92-583) (1972)
Coastal Zone
Management Act (Public
Law 92-583) (1972)
Emergency Wetlands
Resources Act of 1986
(Public Law 99-645)
Endangered Species Act
of 1973 (Public Law 93205)
Estuary Protection Act
(Public Law 90-454)
(1968)
Estuary Restoration Act of
2000 (Public Law 106457) (2000)

USACE,
USFWS,
EPA, NMFS,
NRCS
NOAA

E.O. 119900, Protection
of Wetlands (1977)
E.O. 11988, Protection of
Floodplains (1977)
Federal Aid in Wildlife
Coordination Act of 1956
Food, Agriculture,
Conservation, and Trade
Act of 1990 (Public Law
101-624)

USFWS

Provides federal funding for wetlands programs in most coastal states
and Great Lakes states, including the preparation of Coastal Zone
Management Plans.
Pays debts incurred by USFWS for wetland acquisition and provides
additional revenue sources.

USFWS

Provides for the designation and protection of wildlife, fish and plant
species that are in danger of extinction.

DOI

Authorized the study and inventory of estuaries and the Great Lakes
and provided for management of designated estuaries between DOI
and the states.
Promotes the restoration of estuary habitat, develops a natural
estuary habitat restoration strategy, provides federal assistance and
promotes efficient financing of such projects, and enhances
monitoring and research capabilities.
Requires federal agencies to minimize impacts of federal activities on
wetlands.
Requires federal agencies to minimize impacts of federal activities on
floodplains.
Authorizes the development and distribution of fish and wildlife
information and the development of policies and procedures relating
to fish and wildlife.
Water Resources Development Act of Wetland Reserve Program
purchases perpetual non-development easements on farmed
wetlands. Subsidizes restoration of croplands to wetlands.

EPA, NOAA,
USACE,
USFWS,
USDA
All Federal
Agencies
All Federal
Agencies
DOI

NRCS
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Program or Act

Agency

Effect of Program

Food Security Act of 1985
(Swampbuster) (Public
Law 99-198)

FSA, USFWS

Land and Water
Conservation Fund Act of
1965 Public Law 88-578)

DOI

“Swampbuster” program suspends agricultural subsidies for farmers
who convert wetlands to agriculture. Conservation Easements
program allows FmHA FSA to eliminate some farm debts in exchange
for long-term easements that protect wetlands and other areas.
Regulates admission and special recreation user fees at certain
recreational areas and establishes a fund to subsidize state and federal
acquisition of lands and waters for recreational and conservation
purposes.
Acquires wetland easements using revenues from fees paid by hunters
for duck stamps.

Migratory Bird Hunting
USFWS
and Conservation Stamps
(1934) (Ch. 71, 48, Stat.
452)
National Environmental
All Federal
Requires the preparation of an environmental impact statement for all
Policy Act of 1969 (Public
Agencies
major federal actions significantly affecting the environment.
Law 91-190)
North American
USFWS
Establishes a plan for managing waterfowl resources by various
Waterfowl Management
methods, such as acquiring wetlands.
Plan (1986)
North American Wetlands
USFWS
Encourages public/private partnerships by providing matching grants
Conservation Act (1989)
to organizations for protecting, restoring, or enhancing wetlands.
(Public Law 101-233)
Rivers and Harbors Act of
USACE
Provides that “due regard” be given to wildlife conservation in
1938 (52 Stat. 802)
planning federal water projects.
U.S. Tax Code Tax Reform
IRS
Provides deductions for donors of wetlands and to some nonprofit
Act of 1986 (Public Law
organizations.
99-514)
Water Bank Act (1970)
FSA
Leases wetlands and adjacent uplands from farmers for waterfowl
(Public Law 91-559)
habitat for 10-year periods.
Water Resources
USACE
States that future mitigation plans for federal water projects should
Development Act of 2000
include “in kind” mitigation for bottomland hardwood forests.
(Public Law 106-541)
Wetlands Loan Act (1961)
USFWS
Provides interest-free loans for wetland acquisition and easements.
(Public Law 87-383)
Wild and Scenic Rivers
DOI, USDA
Protects designated river segments from alterations without a permit.
Act (Public Law 90-542)
(1968)
DOI = Department of Interior; FSA = Farm Services Agency; FmHA = Farmer’s Home Administration; IRS = Internal
Revenue Service; NMFS = National Marine Fisheries Service; NOAA = National Oceanic and Atmospheric
Administration; NRCS = Natural Resources Conservation Service; USACE = U.S. Army Corps of Engineers; USDA =
U.S. Department of Agriculture; USEPA = U.S. Environmental Protection Agency; USFWS = U.S. Fish and Wildlife
Service
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Appendix B: Example Assessment
Data and Sources
Data Type
Watershed-level Information (historical and current data)
Natural features and conditions
Hydrology (controls the chemistry and flow of surface
•
and ground water to a wetland)
Water chemistry/water quality
•
Surface topography and land surface slope
•
Geology
•

1

Potential Data Sources

Vegetation communities

•
•
•

Animal communities and species

•
•
•

Local USGS and EPA NHD, State Departments of
Natural Resources, Universities
State environmental protection agency
NOAA–National Geophysical Data Center
Local USGS office; state geology office;
university
NOAA–National Climatic Data Center
NOAA–National Climatic Data Center–Historical
Climatology Network
NOAA–National Climatic Data Center
NOAA–National Climatic Data Center–Historical
Climatology Network
NRCS SSURGO
SWCDs
County, city or town zoning and planning offices
(flood control districts)
FEMA flood hazard maps
USACE District offices
State natural resource agencies
NatureServe
State Natural Heritage programs
FSA
NatureServe
State Natural Heritage programs
USFWS–Threatened and Endangered Species

•

USGS NLCD

•

USGS NLCD

Climate

•
•

Precipitation patterns

•
•

Soil types (thickness and permeability)

•
•

Floodplains

•
•
•
•

Social features and conditions
Land use information and identification of urban,
industrial and agricultural area (IWWR 2003)
Land uses and impacts (agricultural conversion, dam
construction, point and nonpoint water pollution)
Maps
•
Maps with aerial photography and topographic
maps can provide information on water sources,
drainage, and surface runoff.
•
Floodplain maps can be used to obtain information
on the locations and elevations of flood-prone
areas.
•
Soil maps can be used to identify current or
historical wetland soils.
•
Biological reports and maps can aid in determining
critical areas and in identification of plant and
animal resources.
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Aerial photography
Local USGS office, NASA, FSA, local aerial
photography companies, state natural resource
agencies
Flood elevations and floodplains
•
See above
NWI Maps
•
USFWS
Soil Survey Information
•
NRCS
General
•
Local planning agencies
Water quality control districts
•
•
Water management districts
•
Flood control districts
•
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Data Type

Potential Data Sources
•
•
•

USGS
FEMA
NRCS

Project site information (historical and current data)
Once a project site has been selected, a more focused evaluation should be conducted.
Topography (e.g., exact elevations and topography of
•
NOAA – National Geophysical Data Center
features)
Evidence of erosion
•
NRCS
Evidence of drainage and water movement patterns
•
National Estuary Program
•
NRCS
Levels of soil nutrients, organic matter and moisture
•
NRCS
Major vegetation types
•
NatureServe
•
State Natural Heritage programs
Water flow and timing
•
USGS
•
Office of State Engineer
•
USACE
•
BuRec
Presence of human structures
•
Local planning agencies
•
DOI
•
DOT
Adjacent land uses
•
Local planning agencies
1

BuRec = Bureau of Reclamation; DOI = U.S. Department of the Interior; DOT = U.S. Department of Transportation; EPA = U.S.
Environmental Protection Agency; FEMA = Federal Emergency Management Agency; FSA = Farm Service Agency; NASA = National
Aeronautics and Space Administration; NHD = National Hydrography Dataset; NLCD = National Land Cover Database; NOAA = National
Oceanic and Atmospheric Administration; NRCS = National Resources Conservation Service; SSURGO = Soil Survey Geographic Database;
SWCD = Soil and Water Conservation Districts; USACE = U.S. Army Corps of Engineers; USFWS = U.S. Fish and Wildlife Service; USGS = U.S.
Geological Survey
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Appendix C: Monitoring Methods
*Please note that not all methods listed below have been reviewed to assess accuracy and current applicability; we are merely providing a comprehensive list of existing wetland assessment methods.
Monitoring Method
Description
Pros
Cons
Documentation

Level 1
Montana Natural Heritage
Wetland Assessment – GIS
based

Landscape Level Functional
Assessment (LLWFA)
(Michigan)

Casco Bay Watershed
Wetlands Characterization
Method

Uses geospatial data sets, to calculate
indices that address wetland condition:
natural cover index, stream corridor
integrity index, lentic wetland buffer index,
dammed stream flowage index, and
wetland disturbance index. The sum of the
scores of the former four indices minus the
scores of the latter two indices is calculated
to generate a “composite wetland
condition index.”
Method assesses nine wetland functions
using GIS data layers from publicly available
sources. Wetland functions assessed
include surface water detention,
streamflow maintenance, nutrient
transformation, sediment and other
particulate retention, shoreline
stabilization, provision of fish and shellfish
habitat, provision of waterfowl and
waterbird habitat, provision of other
wildlife habitat, and conservation
biodiversity.
Method is GIS based and built using only
data available for the entire state so that
the method could be applied to other
watersheds. Method includes a series of
queries that are combined with the data
layers to infer whether individual wetlands
have the ability to provide the indicator
functions at a significant level. This
information was used to create a new
Multihit Layer that displays the total
number of hits per wetland complex. Once
the characterization was completed, the
wetlands were prioritized using a Risk Index
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Basic GIS skills are
needed. Method is for
non-tidal and tidal
wetlands as well as
non-tidal open water.

Reference site is
dependent on available
historical information.

Crowe, E. and G. Kudray. 2003. Wetland
assessment of the Whitewater watershed.
Report to U.S. Bureau of Land
Management, Malta Field Office. Montana
Natural Heritage Program, Helena,
Montana.

Method compares presettlement data and
current data to provide
a comprehensive
picture of changes in
the existence, location
and function of
wetlands over time.

Method depends on the
availability of GIS data.
GIS expertise is required.

Fizzell, C.A. 2007. Assessing cumulative loss
of wetland functions in the Paw Paw
watershed using enhanced National
Wetlands Inventory data. Michigan
Department of Environmental Quality, Land
and Water Management Division,
Wetlands, Lakes and Streams Unit, Ann
Arbor, Michigan.

Method determines
relative importance of
wetland functions and
values across a
watershed using
available digital data.

Method was not
developed for use in the
identification of speciesspecific habitat. Method
does not consider the size
of the unit as part of the
assessment.

Hertz, E. and J. Sartoris. 2001. Casco Bay
watershed wetlands characterization. State
of Maine Planning Office, Augusta, Maine.
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Description
Layer.
Remote Functional Wetland The method uses GIS data layers including:
Assessment Model
National Wetlands Inventory, endangered
(RFWAM)
species, fire locations, flood zones (FEMA),
wellhead protection areas, land use, 8 digit
HUC, 11 digit HUC, hydrology, CIR, true
color photos, and centerlines. The method
then assesses the following functions:
water/floodwater storage, sediment/
toxicant/nutrient removal, wildlife/fisheries
habitat, and groundwater maintenance.
Sites are scored and determined if suitable
for conservation, enhancement, or
restoration.
Spatial Wetland Assessment Upon gaining access to the GIS (see contact
for Management and
person), the user first selects the wetland
Planning (SWAMP)
class, function (water quality, hydrology, or
habitat), and watershed. Then the user
completes the evaluation by: (a)
reviewing/displaying each parameter using
the default ratings and or by making
modifications and (b) generating outputs
by using the default SWAMP program or
selecting parameter combinations. SWAMP
uses a hierarchical structure to
examine/combine individual parameters
and to predict a wetland’s relative level of
function in a watershed.
North Carolina Coastal
The method uses a hierarchical structure
Region Evaluation of
with four levels: (1) overall functional
significance, (2) specific functions and
Wetland Significance (NC
CREWS)
potential risk of wetland loss, (3)
subfunctions, and (4) parameters and
subparameters. The model first evaluates
the 39 parameters and subparameters of
each wetland and its watershed. A high (H),
moderate (M), or low (L) value is assigned
to each parameter/subparameter as it
relates to the performance of the wetland
Incorporating Wetlands into Watershed Planning
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Pros

Cons

Documentation

Method provides a
scaled output to
determine if a site is
suitable for
conservation,
enhancement, or
restoration.

Method was designed for
the Southeast Region.

Stallman, C., K. McIlwain, and D. Lemoine.
2005. The Baldwin County wetland
conservation plan final summary document.
Baldwin County Planning and Zoning
Department, Bay Minette, Alabama.

Method is designed to
address several habitat
types within a
watershed context.

Method is designed for
the Southeast Region
only.

Sutter, L. 2001. Spatial wetland assessment
for management and planning (SWAMP):
Technical discussion. Publication No.
20129-CD. Coastal Services Center, National
Oceanic and Atmospheric Administration,
Charleston, South Carolina.

Method bases
reference on data from
several sites. Method
can be characterized as
“repeatable” among
different users.

Method does not identify
stressor/disturbance
factors and does not
predict “desired future
condition.” Method was
designed for coastal
North Carolina and
adaptation of the
procedure for use in
other areas would require
extensive field sampling.

Sutter, L.A., J.B. Stanfill, D.M. Haupt, C.J.
Bruce, J.E. Wuenscher. 1999. NC-CREWS:
North Carolina coastal region evaluation of
wetland significance. North Carolina
Department of Environmental and Natural
Resources, Raleigh, North Carolina.
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Monitoring Method
Description
subfunction being considered.
Method requires the collection of data
Watershed-Based
Preliminary Assessment of
sources including National Wetlands
Inventory (NWI) digital data, and digital
Wetland Functions (Wraster graphics (DRG) of 1:24,000 U.S.
PAWF)
Geological Survey topographic maps. Other
sources may also be included. Then the
NWI digital dataset is expanded to include
landscape-level properties. Wetland
characteristics are matched with wetland
functions. Then the data is analyzed and
the results of the analysis can be displayed
in a series of tables and/or maps and
included in a watershed characterization
report.
Remotely-Sensed Indicators Method includes (1) Building the geospatial
for Monitoring Condition of database, (2) Developing remotely-sensed
Natural Habitat in
natural habitat integrity indicators, and (3)
Watersheds
Collecting and analyzing data. Additional
steps include computing all of the natural
habitat indices for each watershed and/or
subbasin and preparing maps illustrating
watershed features. Data are reported for
watersheds and/or subbasins.
Habitat Assessment Model
The method requires the collection of GIS
data sources on vegetation production
values, wildlife winter range, non-target
wildlife ungulate offtake, and livestock
offtake. The data is then put into a model
to calculate the forage available to mule
deer and elk at a low threshold level,
midpoint, and a high threshold level.
New Jersey Watershed
Method is GIS based and evaluates
Method
watershed by delineating drainage units,
evaluating watershed integrity for each
drainage unit, evaluating potential impacts
for each drainage unit, and developing
wetland buffer options based on the
watershed integrity and potential impact
Incorporating Wetlands into Watershed Planning
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Pros

Cons

Documentation

Method is designed to
address several habitat
types within a
watershed context.

Method depends on the
accuracy and availability
of NWI data and the
addition of LLWW
descriptors.

Tiner, R.W. 2003b. Correlating enhanced
National Wetlands Inventory data with
wetland functions for watershed
assessments: A rationale for Northeastern
U.S. wetlands. National Wetlands Inventory
Program, U.S. Fish and Wildlife Service,
Hadley, Massachusetts.

Method relies on
readily available
geospatial data, so
method can be used
nationwide and can be
easily repeated.

Weighting of individual
indices to calculate the
composite natural habitat
integrity index is
subjective.

Tiner, R.W. 2004. Remotely-sensed
indicators for monitoring the general
condition for "natural" habitat in
watersheds. An application for Delaware's
Nanticoke River watershed. Ecological
Indicators 4: 227-243.

Method produces
predicted, sustainable
population numbers for
both elk and mule deer.

The method was
designed for the narrow
purpose of estimating
ungulate populations
based on habitat
conditions in Colorado
and adjoining states.

Wockner, G., R. Boone, N.T. Hobbs, and D.
Freddy. 2005. The habitat assessment
model: A tool to improve wildlife habitat
management. Retrieved March 23, 2006
from
http://www.nrel.colostate.edu/projects/ha
bitat/HAM_Manual_May_2005.pdf.

Method is designed to
address several habitat
types within a
watershed context.

Initial method steps may
require months of data
collection and analysis.

Zampella, R.A., R.G. Lathrop, J.A. Bognar,
L.J. Craig, and K.J. Laidig. 1994. A
watershed-based wetland assessment
method for the New Jersey pinelands.
Pinelands Commission, New Lisbon, New
Jersey.
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Description
evaluation.
Watershed Vulnerability
Method steps include compiling mapping
Analysis
resources, delineating the subwatershed
boundaries, verifying current and future
development assumptions, estimating the
current impervious cover in the
subwatersheds, conducting a stream
corridor assessment, conducting a
subwatershed scale assessment, estimating
the future impervious cover in the
subwatersheds, and evaluating the
restoration capability.
Southern California Riparian Upon gaining access to the GIS, the user
Ecosystem Assessment
selects the riparian class, component, and
Method (SCREAM)
watershed. Then the user completes the
evaluation by: (1) reviewing/displaying
each metric using the default ratings and or
by making modifications and (2) generating
outputs by using the default SCREAM
program or selecting metric combinations.
Nanticoke River Watershed
Use of soil survey data and USGS
Cumulative Loss Assessment orthophotomaps to determine preusing National Wetlands
settlement conditions which were
compared with existing conditions using
Inventory (NWI)
enhanced NWI in the GIS environment.
Assessment of wetland functions
(landscape position, landform, water flow
path, and waterbody types) for both time
periods and comparisons were made to
develop a watershed-wide wetland
conservation strategy.

Appendix C
Pros

Cons

Documentation

Method is designed to
address several habitat
types within a
watershed context.
Method can be used
nationwide.

Method output is
descriptive only.

Zielinski, J. 2002. Watershed vulnerability
analysis. Center for Watershed Protection,
Ellicott City, Maryland.

Minimal time is
required for the GIS
analysis.

Method does not identify
stressor/disturbance
factors. Method may not
predict “desired future
condition.”
Method is for the Pacific
West only.

Stein, E. M. Sutula, and A. Olsen-Callahan.
2004. (Draft). Southern California landscape
assessment framework. Southern California
Coastal Water Research Project (in
preparation).

Can serve as a
screening tool for
prioritization of
wetlands for
restoration/protection,
as an educational tool
for improving
understanding of
function, or as a
baseline assessment of
how wetlands and
functions have changed
since pre-settlement

This preliminary analysis
provides prospective on
the ability of the
watershed’s wetlands to
pefform these functions,
it does not evaluate
differences among
wetlands of similar type
and function

Tiner, R. 2005. Assessing cumulative loss of
wetland functions in the Nanticoke River
Watershed using enhanced wetland
inventory data. Wetlands 25 (2): 405-419.

Measure of 12
functions and values,
and 1 index of
wetland integrity.
Training is

Method is only for tidal
wetlands and is not
designed to address
several habitat types
within a watershed

Adamus, P.R. 2006. Hydrogeomorphic
(HGM) assessment guidebook for tidal
wetlands of the Oregon coast: Part 1. Rapid
asssessment method. Produced for the
Oregon Department of State Lands, USEPA,

Level 2
Rapid Assessment Method
for Oregon Tidal Fringe
Wetlands

(1) Confirm tidal status
(2) Delimit the assessment unit
(3) Gather existing information
(4) Collect onsite data and fill out data
sheets

Incorporating Wetlands into Watershed Planning
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Description
(5) Transfer data to Excel spreadsheet
template available online
(6) Print the results
(7) Interpret and annotate the results
Wetland Evaluation
WET evaluates functions and values by
Techniques (WET)
characterizing predictors. Responses to
questions concerning the predictors are
analyzed in a series of interpretation keys
that reflect the relationship between
predictors and wetland functions or values
as defined in the technical literature. WET
also assesses the suitability of a wetland
habitat for waterfowl species, freshwater
fish species, species of wetland-dependent
birds, species of saltwater fish and
invertebrates, and species of freshwater
fish.
Oregon Vernal Pool Method The steps include: (1) gather existing
information, (2) delimit the assessment
sites, (3) collect onsite data and fill out data
sheets, (4) transfer data to Excel
spreadsheet template that accompanies the
report, (5) print the results, and (6) interpret
and annotate the results. Measure of 4
functions and 7 values. These are scored
relative to other vernal wetlands in the same
region of Oregon.

New Hampshire Method

Connecticut Method

The user makes observations during a site
visit and completes data sheets for each
functional value. Data sheets include
evaluation questions with a list of possible
answers (evaluation criteria) and an
assigned functional value index (FVI) (scale
0-1). The Average FVI and Wetland Value
Units (WVU) are calculated for each
functional value when questions completed.
The user makes observations during a site

Incorporating Wetlands into Watershed Planning

Pros
recommended and
available, but is not
essential.

Cons
context.

Appendix C
Documentation
and Coos Watershed Association,
Charleston, Oregon.

Method can be used
for tidal and non-tidal
vegetated and nonvegetated wetlands in
addition to peat lands.

Method not designed to
address several habitat
types within a watershed
context. WET was
developed for national
application; therefore, it
often does not detect
differences within a
region.

Adamus, P.R., E.J. Clairain Jr., R.D. Smith,
and R.E. Young. 1987. Wetland evaluation
technique (WET). Volume II: Methodology.
Department of the Army, Waterways
Experiment Station, Vicksburg, Mississippi.

Method bases
reference on data
from several sites.
Method can be
characterized as
“repeatable” among
different users. This
assumes that the user
possesses the
requisite level of
expertise/training to
employ the method.
Method is designed to
address several
habitat types within a
watershed context.
Method is designed
for use by town
officials.

Method is only for
Individual vernal pools
and vernal pool
complexes in nonforested lowlands

Adamus, P.R., M. Pakenham-Walsh, and N.
McCarten. 2007. Agate Desert vernal pool
functional assessment methodology.
Report by Environmental Science
Associates to Oregon Dept. of State Lands,
Salem, Oregon.

Method is for non-tidal
wetlands and open water
only. Training is
recommended.

Ammann, A.P., and A.L. Stone. 1991.
Method for the comparative evaluation of
nontidal wetlands in New Hampshire.
NHDES-WRD-1991-3. New Hampshire
Department of Environmental Services,
Concord, New Hampshire.

Method is designed to

Method is for non-tidal

Ammann, A.P., R.W. Frazen, and J.L.
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Monitoring Method
Description
visit and completes the data sheets for each
functional value. The data sheets include
evaluation questions, each with a list of
possible answers (evaluation criteria) and
assigned functional value index (FVI)(scale 01). After questions are answered, the
Average FVI and Wetland Value Units (WVU)
are calculated for each functional value.
Evaluation for Planned
Method includes making observations
Wetlands
during a site visit and completing the data
sheets for each of the assessment
categories. Each data sheet identifies the
individual model elements (metrics), lists
conditions for each element with a
corresponding score (scale 0-1.0), and
includes the model for calculating the
functional capacity index (FCI). The FCI is
then used to calculate the functional
capacity units (FCI = FCI x acres).
MDT Montana Wetland
Twelve functions and values are evaluated
Assessment Method
by this method. Each is assessed and
assigned (a) ratings of low, moderate, or
high (or in some cases exceptional) and (b)
scores on a scale of 0.1 (lowest) to 1
(highest) functional points. Functional points
are summed and expressed as a percentage
for the possible total.
California Rapid Assessment CRAM includes the following nine steps:
Method (CRAM)
(1) Assemble background materials about
the management and history of the
wetland.
(2) Classify the wetland using the California
State Wetland Inventory and CRAM
wetland “typology.”
(3) Determine wetland size.
(4) Verify the appropriate season and other
timing aspects of field assessment.
(5) Establish the Assessment Area (AA).
(6) Conduct initial office assessment of
Incorporating Wetlands into Watershed Planning
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Johnson. 1986. Method for the evaluation
of inland wetlands in Connecticut. DEP
Bulletin No. 9. Connecticut Department of
Environmental Protection, Hartford,
Connecticut.

Pros
address several
habitat types within a
watershed context.
Method is designed
for use by town
officials.

Cons
wetlands and open water
only. Training is
recommended.

Model aims to identify
potential stressors.
Method useful for
both condition
assessment and the
identification of
potential stressors.

Method should be
performed by qualified
wetland scientists.

Bartoldus, C.C., E.W. Garbisch, M.L. Kraus.
1994. Evaluation for planned wetlands
(EPW). Environmental Concern Inc., St.
Michaels, Maryland.

Method is for nontidal wetlands, peat
lands, and submerged
aquatic beds (nontidal). Method bases
reference on data
from several sites.

Method is for
intermountain habitats
only. Method is designed
for use by regulatory
agency personnel and
other professionals who
are wetland specialists.

Berglund, J. 1999. MDT Montana wetland
assessment method. Prepared for Montana
Department of Transportation and
Morrison-Maierle, Inc.

Method is for nontidal and tidal
wetlands as well as
non-tidal and tidal
open water.

Method is for the Pacific
West only. The level of
expertise comparable to
that required to complete
a wetland delineation is
necessary to use this
method.

Collins, J.S., E. Stein, and M. Sutula. 2004.
Draft California rapid assessment method
for wetlands v. 3.0: User's manual and
scoring forms. San Francisco Bay Area
Wetlands Regional Monitoring Program
web site http://www.wrmp.org/index.html
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Description
condition metrics and stressors.
(7) Conduct the field assessment of
condition metrics and stressors.
(8) Complete CRAM paperwork and QA/QC
procedures.
(9) Upload assessment data and results.
Michigan Rapid Assessment Method evaluates wetland size, upland
Method (MiRAM)
buffers and surrounding land use, hydrology,
habitat alteration or development, special
wetland communities, vegetation
interspersion and microtopography, and
scenic and restoration benefits.
Wetland Value Assessment
Data is collected and Habitat Suitability
Methodology (WVA)
Index (HSIs) are established for baseline
(pre-project) conditions and for future
without- and future with-project scenarios
for selected "target years." The HSIs are
then multiplied by the project area acreage
at each target year to arrive at Habitat Units
(HUs). The HUs are used to determine
Average Annual Habitat Units (AAHUs). The
"benefit" of a project can be quantified by
comparing AAHUs between the future
without- and future with-project scenarios.
Uniform Mitigation
Part I is qualitative characterization. Part II,
Assessment Method
is a quantitative assessment, and involves
(UMAM)
scoring the assessment area for the
following three indicators: location and
landscape support, water environment, and
community structure. The indicators are
scored based on the level of function that
benefits fish and wildlife. The score is also
adjusted for mitigation risk.
Wildlife Habitat Appraisal
The method procedures are: (1) evaluate
Procedure (WHAP)
representative sites of each cover type
within the area of interest; (2) inspect a
minimum number of sites representing each
cover type; (3) vsit each site and evaluate
each habitat component in the Field
Incorporating Wetlands into Watershed Planning
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Cons

Documentation

Method supports
routine monitoring
program and improves
permit review.

Method designed
specifically for Michigan.

Michigan Department of Natural Resources
and Environment (DNRE). 2010. Michigan
rapid assessment method for wetlands
(MiRAM). Version 2.1. DNRE, Lansing,
Michigan.

Method can be used
for terrestrial, nontidal and tidal
wetlands, tidal open
water, and barrier
islands.

Method is designed for
Southeast regions.

Environmental Work Group. 2002a. Coastal
wetlands planning, protection and
restoration act, wetland value assessment
methodology. Procedural manual. U.S. Fish
and Wildlife Service, Lafayette, Louisiana.

High level of
"repeatability"
because it provides a
list of criteria to be
considered when
assigning scores.

Additional calibration or
references needed.
Method does not provide
a set list of clearly defined
metrics/indicators that
are easily
measured/estimated and
distinguished.

Florida Department of Environmental
Protection (UDEP). 2004. Uniform
mitigation assessment method. Florida
Department of Environmental Protection,
(F.A.C. 62-345) Tallahassee, Florida.
Retrieved December 9, 2004 from
http://www.dep.state.fl.us/water/wetlands
/erp/rules/guide.htm#345

Method is a
qualitative holistic
evaluation of wildlife
habitat for particular
tracts of land without
imposing significant

No process for defining
reference conditions is
specified. There is
potential for the
overvaluation of inferior
habitat units.

Frye, R.G. 1995. Wildlife habitat appraisal
procedure (WHAP). Texas Parks and
Wildlife Department, Austin, Texas.
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Description
Evaluation Key; (4) determine the number of
points to assign various habitat components;
(5) enter the number of points for each
component on the evaluation form; (6)
calculate average habitat quality score (HQ)
for each cover type; (7) compare cover types
using the average habitat quality scores; (8)
if desired, evaluate “projected” future
conditions; and (9) two other scores may
also be calculated/used for resource
management.

Appendix C
Pros
time requirements.

Cons

Documentation

Rapid Stream Assessment
Technique Field Methods
(RSAT)

Six evaluation categories are used to assess
and score an index representative of overall
stream quality. Each category includes a
number of individual stream variables that
are observed in the field in order and
compared to condition descriptors in RSAT
to assign a point score per category. General
categories include channel stability; channel
scouring or sediment deposition; physical instream habitat; water quality; riparian
habitat conditions; and biological indicators.

Includes biological
assessment,
morphological
assessment/channel
stability, and physical
habitat assessment.

There are specific criteria
for defining a unit of
analysis. The method
requires that
observations are to be
made from riffles spaced
approximately 400 feet
apart throughout a
stream continuum.

Galli, J. 1996. Rapid stream assessment
technique (RSAT) field methods.
Metropolitan Washington Council of
Governments, Washington, D.C.

Wetland Rating System for
Western Washington

The WA rating system contains a series of
questions including: the classification, the
scores for groups of functions, and whether
the wetland has any additional special
characteristics; a page summarizing
important information on threatened and
endangered species; a key for classifying
wetlands into the appropriate HGM classes;
characterizing functions; scoring indicators
of habitat that apply to all HGM classes;
categorizing wetlands based on special
characteristics.
Method evaluated wetlands based on
functions and special characteristics. Based
on the responses to a series of questions,

This rating system
categorizes wetlands
based on their
sensitivity to
disturbance, their
significance, their
rarity, our ability to
replace them, and the
functions they
provide.

Must have experience
and/or education in the
identification of natural
wetland features,
indicators of wetland
function, vegetation
classes, and some ability
to distinguish between
different plant species.

Hruby, T. 2004. Washington State wetland
rating system for western Washington –
Revised. Washington State Department of
Ecology Publication # 04-06-025. Olympia,
Washington.

Method is concise and
the questions are easy
to assess in the field.

Method requires
identification of
hydrogeomorphic

Washington State Department of Ecology.
Draft revision. Washington State wetlands
rating system: eastern Washington. Second

Wetland Rating System for
Eastern Washington

Incorporating Wetlands into Watershed Planning
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Description
the site can be scored based on water
quality improvement, hydrologic, and
habitat functions.
Delaware Rapid Assessment Method includes visiting wetland area and
completing the data sheet based on field
observations. The datasheet includes 5-14
stressor/disturbance variables that should
be examined. Each stressor is assigned a
negative score. Sites are evaluated based on
the number and type of stressors that are
present. Each stressor is weighted based on
its relative impact to a site and then scores
for each category are combined to calculate
an overall score that represents the
condition of the site.
Subjective Evaluation of
Method contains a series of “key sheets”
Aquatic Habitats
that include each variable to be assessed
with corresponding descriptive categories
and scores that are selected by the user to
best describe conditions in the assessment
area.
Ohio Rapid Assessment
ORAM contains a series of questions located
Method for Wetlands
in the following forms: (1) Background
(ORAM)
Information, (2) Scoring Boundary
Worksheet, (3) Narrative Rating, (4)
Quantitative Rating, and (5) Wetland
Categorization Worksheets. The
Quantitative Rating consists of six metrics:
(1) wetland size, (2) upland buffers and
surrounding land use, (3) hydrology, (4)
habitat, (5) special wetland communities,
and (6) vegetation, interspersion, and
microtopography.
Variables for Assessing
This method quantifies changes to the
Reasonable Mitigation in
landscape as a result of a proposed project.
New Transportation
The method uses the following variables to
(VARMINT)
assess the impact a project will have on the
environment: habitat importance, rarity,
stewardship, habitat patch size, habitat
Incorporating Wetlands into Watershed Planning

Pros

Method assesses the
current condition of
the wetland site and
identifies stressors.
Method is
“repeatable” among
different users.

Cons
wetland type. Method
may not be used to assess
wetland condition.
Training course is
required. Method was
developed for the Outer
Coastal Plain regions of
Delaware and Maryland.
Additional calibration or
references are needed to
apply the method to new
areas.

Appendix C
Documentation
edition. Publication #02-06-019. Olympia,
Washington.
Jacobs, A.D. 2005. (Draft) Delaware Rapid
Assessment Protocol V.2: User’s manual
and datasheets. Delaware Department of
Natural Resources and Environmental
Control, Dover, Delaware.

The method combines
subjective, semiquantitative, and
quantitative
measures.

Method is for non-tidal
open water in the
Midwest Region only.

Kansas Dept. of Wildlife and Parks (KDWP).
2004. Subjective evaluation of aquatic
habitats. Kansas Department of Wildlife
and Parks, Environmental Services Section.
Topeka, Kansas.

Method provides an
overall rating of
wetland quality and
places wetlands into
categories for permit
reviews. Method has
been modified and
used in other parts of
the U.S. Method can
identify degraded but
restorable wetlands.

Requires (a) ability to
identify the dominant
plant species and
knowledge of basic
vegetation sampling, (b)
ability to recognize high
quality or unique
wetlands, (c) familiarity
with the kinds of
wetlands found in the
regions of Ohio.

Mack, J.J. 2001. Ohio rapid assessment
method for wetlands v. 5.0. User’s manual
and scoring forms. Ohio EPA Technical
Bulletin Wetland/2001-1-1. Ohio
Environmental Protection Agency, Division
of Surface Water, 401 Wetland Ecology
Unit, Columbus, Ohio.

Method is designed to
address several
habitat types within a
watershed context.

VARMINT was tested on 2
sites in Pennsylvania.
Neither project used this
methodology to establish
goals for or levels of
mitigation.

Maurer, M.E. 1999. Development of a
community-based, landscape-level
terrestrial mitigation decision support
system for transportation planners. In:
Evink, G.L., P. Garrett and D. Zeigle.
(editors). Proceedings of the third
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connectivity, proximal land use relative
significance, habitat patch shape, natural
processes, diversity, anthropic use, and
intangibles.
Minnesota Routine
MnRAM begins with defining the
Assessment (MnRAM)
assessment area utilizing available
information. If the goal is a baseline wetland
inventory map, the presence of each
wetland is verified in the field, where
dominant wetland types are classified. The
functions of each wetland are evaluated by
completing datasheets or by entering data
into the MnRAM Microsoft Access ™
database.
Riparian Community Type
The steps in developing the classification
Classification of Utah and
include: (1) Conducting reconnaissance of
Southern Idaho - Inventory
drainages, taking notes on dominant species
and site locations for future sampling; (2)
selecting plots based on "subjective
sampling without preconceived bias"; (3)
estimating visual percent cover for all
species to nearest percentage and recording
species in community, but not in plot, as
"present"; (4) describing soil mostly to
family; and (5) recording depth to water
table/saturation.
Proper Functioning
(1) Review existing documents that provide
Condition (PFC)
the basis for assessing PFC.
(2) Analyze the definition of PFC for riparianwetlands.
(3) Assess functionality — (a) Identify the
attributes and processes for the area
being evaluated; (b) Assess the capability
and potential using; and (c) Determine
functioning condition.
Multi-scale Assessment of
MAWI evaluates riparian ecosystem integrity
Watershed Integrity (MAWI) for a series of homogenous reaches. Indices
are calculated for: Hydrologic integrity
index, Water quality integrity index, and
Incorporating Wetlands into Watershed Planning

Pros

Cons

Appendix C
Documentation
international conference on wildlife ecology
and transportation. Florida Department of
Transportation. Tallahassee, Florida.

Method bases
reference on data
from several sites
rather than basing the
reference on one site
which can result in
low scores for less
diverse habitats.

Method designed for
wetland scientists to
make accurate and
consistent assessment of
wetland function.

MNBWSR. 2007a. MnRAM 3.1 for
evaluating wetland function. Minnesota
Board of Water and Soil Resources, St. Paul,
Minnesota.

Provides a riparian
community type
classification system
for use in the
inventory of lands
administered by the
USDA Forest Service in
Utah and southern
Idaho.

High level of botanical
skill is needed for plant
identification.

Padgett, W.G., A.P. Youngblood, and A.H.
Winward. 1989. Riparian community type
classification of Utah and southeastern
Idaho. U.S.D.A. Forest Service,
Intermountain Region. R4-Ecol-89-01.

Document is designed
to address several
habitat types within a
watershed context.

Practitioners must be
familiar with normal
(natural) variation among
stream and riparian
wetland features in a
given region.

Prichard, D., H. Barrett, J. Cagney, R. Clark,
J. Fogg, K. Gebhardt, P.L. Hansen, B.
Mitchell, and D. Tippy. 1998a. Riparian area
management: Process for assessing proper
functioning condition. Technical Reference
1737-9, BLM/SC/ST9/003+1737+REV95+REV98. Bureau of Land
Management, Denver, Colorado.

Method is designed to
address several
habitat types within a
watershed context.

Method requires detailed
mapping and extensive
field work to implement.

Smith, R.D. 2003a. Assessment of riparian
ecosystem integrity: San Jacinto and Upper
Santa Margarita River watersheds,
Riverside County, California. U.S. Army
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Description
Habitat integrity index. Scores for each
reach are based on evaluation of
approximately 15 indicators.
Hydrogeomorphic (HGM)
Method includes (1) characterization of
Approach – depression
specific wetland assessment areas (WAA),
wetlands
(2) applying models from the development
phase to assess its functions, and (3)
analyzing the results of the assessment.

Pros

Cons

Method can be used
nationwide.

Method requires broad
expertise in the areas of
wetland ecology,
geomorphology,
biogeochemistry,
hydrology, soil science,
plant ecology, and animal
ecology.

Hydrogeomorphic (HGM)
Approach – riverine
wetlands

Method includes (1) characterization of
specific wetland assessment areas (WAA),
(2) applying models from the development
phase to assess its functions, and (3)
analyzing the results of the assessment.

Method can be used
nationwide.

Method requires broad
expertise in the areas of
wetland ecology,
geomorphology,
biogeochemistry,
hydrology, soil science,
plant ecology, and animal
ecology.

Hydrogeomorphic (HGM)
Approach – tidal fringe
wetlands

Method includes (1) characterization of
specific wetland assessment areas (WAA),
(2) applying models from the development
phase to assess its functions, and (3)
analyzing the results of the assessment.

Method can be used
nationwide.

Method requires broad
expertise in the areas of
wetland ecology,
geomorphology,
biogeochemistry,
hydrology, soil science,
plant ecology, and animal
ecology.

Hydrogeomorphic (HGM)
Approach – flats wetlands

Method includes (1) characterization of
specific wetland assessment areas (WAA),
(2) applying models from the development
phase to assess its functions, and (3)
analyzing the results of the assessment.

Method can be used
nationwide.

Method requires broad
expertise in the areas of
wetland ecology,
geomorphology,
biogeochemistry,
hydrology, soil science,
plant ecology, and animal
ecology.

Incorporating Wetlands into Watershed Planning
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Engineer Research and Development
Center, Waterways Experiment Station,
Vicksburg, Mississippi.
Smith, R.D., A.P. Ammann, C.C. Bartoldus,
and M.M. Brinson. 1995. An approach for
assessing wetland functions using
hydrogeomorphic classification, reference
wetlands, and functional indices. Wetlands
Research Program Technical Report WRPDE-9. Waterways Experiment Station, U.S.
Army Corps of Engineers, Vicksburg,
Mississippi.
Smith, R.D., A.P. Ammann, C.C. Bartoldus,
and M.M. Brinson. 1995. An approach for
assessing wetland functions using
hydrogeomorphic classification, reference
wetlands, and functional indices. Wetlands
Research Program Technical Report WRPDE-9. Waterways Experiment Station, U.S.
Army Corps of Engineers, Vicksburg,
Mississippi.
Smith, R.D., A.P. Ammann, C.C. Bartoldus,
and M.M. Brinson. 1995. An approach for
assessing wetland functions using
hydrogeomorphic classification, reference
wetlands, and functional indices. Wetlands
Research Program Technical Report WRPDE-9. Waterways Experiment Station, U.S.
Army Corps of Engineers, Vicksburg,
Mississippi.
Smith, R.D., A.P. Ammann, C.C. Bartoldus,
and M.M. Brinson. 1995. An approach for
assessing wetland functions using
hydrogeomorphic classification, reference
wetlands, and functional indices. Wetlands
Research Program Technical Report WRPDE-9. Waterways Experiment Station, U.S.
Army Corps of Engineers, Vicksburg,
Mississippi.
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Hydrogeomorphic (HGM)
Method includes (1) characterization of
Approach
specific wetland assessment areas (WAA),
(2) applying models from the development
phase to assess its functions, and (3)
analyzing the results of the assessment.

Stream and Riparian
Habitats Rapid Assessment
Protocol

Rouge River Project Rapid
Assessment Method

Descriptive Approach
(Highway Methodology)

Method is comprised of two main sections:
(1) Stream stability, which is itself divided
into two sub-sections to assess vertical (bed)
stability and horizontal (bank) stability; and
(2) Riparian and in-stream habitat
assessment. Vertical (bed) stability is
measured via 3 physical stream parameters,
horizontal (bank) stability is assessed via 5
parameters, and riparian and in-stream
habitat assessment is comprised of 9
parameters.
Method includes:
(1) Mapping the location of rivers and lakes
in the watershed.
(2) Responding to a series of questions
about the physical and biological
condition of the wetland.
(3) Using answers to questions to assign a
high, medium, or low score to a series of
condition metrics.
(4) Evaluating overall condition based on
number of method provides H, M, L
score for rivers and wetlands.
The method requires visits to the wetland
and evaluation of the wetland considering
the presence or absence of the following
functions and values: ground water
recharge/discharge, floodflow alteration,
fish and shellfish habitat,
sediment/toxicant/pathogen retention,

Incorporating Wetlands into Watershed Planning
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Documentation
Smith, R.D., A.P. Ammann, C.C. Bartoldus,
and M.M. Brinson. 1995. An approach for
assessing wetland functions using
hydrogeomorphic classification, reference
wetlands, and functional indices. Wetlands
Research Program Technical Report WRPDE-9. Waterways Experiment Station, U.S.
Army Corps of Engineers, Vicksburg,
Mississippi.
Starr, R.R. and T. McCandless. 2001. Stream
and riparian habitats rapid assessment
protocol. Chesapeake Bay Field Office, U.S.
Fish and Wildlife Service, Annapolis,
Maryland.

Pros
Method can be used
nationwide.

Cons
Method requires broad
expertise in the areas of
wetland ecology,
geomorphology,
biogeochemistry,
hydrology, soil science,
plant ecology, and animal
ecology.

Method includes
scaled and
quantitative overall
stream corridor
assessment scores and
categories of stream
condition classes.

Method requires an
experienced field survey
team of two persons to
assess 2-3 miles of stream
per day.

Method provides a
regional evaluation of
the condition of
wetland (river and
lake) resources in
order to aid in
development of a
watershed
management plan.

Method output is limited
to high, medium, and low
ratings with no specific
method for calibrating
the ratings.

Tilton, D., B. Fahey, and D.H. Merkey. 1997.
Rouge River national wet weather
demonstration project: A wetland
protection plan for the headwaters of
Johnson Creek and the Middle Rouge River.
RPO-NPS-TM25.00. Rouge Program Office
and Wayne County Department of
Environment, Wayne County, Michigan.

Method is useful
especially for large
projects which require
a preliminary
evaluation and rapid
identification of
functions/values that

Method is weak on
assessing wildlife habitat.

U.S. Army Corps of Engineers. 1999. The
highway methodology workbook
supplement: Wetland functions and values,
a descriptive approach. NAEEP-360-1-30a.
New England District, U.S. Army Corps of
Engineers.
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nutrient removal/retention/ transformation,
production export, sediment/shoreline
stabilization, wildlife habitat, recreation,
educational/scientific value,
uniqueness/heritage, visual
quality/aesthetics, and threatened or
endangered species habitat.
Habitat Evaluation
Method includes:
Procedure (HEP)
(1) Defining study area and limits.
(2) Mapping cover types.
(3) Selecting evaluation species.
(4) Delimiting the available habitat within
study area for each evaluation species.
(5) Conducting field assessment of habitat
features relevant to all evaluation
species associated with each cover type.
(6) Using existing species-specific Habitat
Suitability Index (HSI) models to process
the field data.
(7) Multiplying the HSI value of each species
by the area for which the HSI was
calculated.
(8) Combining the HSI's of all evaluation
species.
(9) Repeating to assess different time
periods or areas, and comparing with
initial results using HSI’s and average
annual habitat units (AAHUs).
(10) Determine Relative Value Indices
(optional).
Wisconsin Wetland
WIRAM begins with a review of existing data
Assessment Methodology
sources and identification of the wetland
(WIRAM)
assessment area(s). A site visit is conducted,
at which time the datasheet is completed.
Data sheets contain a set of questions on
the following functions: floral diversity,
wildlife habitat, fishery habitat,
flood/stormwater attenuation, water quality
protection, shoreline protection,
Incorporating Wetlands into Watershed Planning
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Pros
wetlands may be
providing.

Cons

Documentation

Method can be used
nationwide and in a
variety of habitats.

Method is labor intensive
and selection of
appropriate evaluation
species is crucial.

U.S. Fish and Wildlife Service (USFWS).
1980a. Habitat evaluation procedure (HEP)
102 ESM. U.S. Fish and Wildlife Service,
Washington, D.C.

Method provides a
standardized process
for the evaluation of
the extent to which a
specific wetland
performs a variety of
functions.

Method is more of a list
of considerations that
may or may not be used
in assessing condition.
Method does not give
clearly defined metrics/
indicators.

Wisconsin Department of Natural
Resources. 2001. Rapid assessment
methodology for evaluating wetland
functional values. Wisconsin Department of
Natural Resources, Madison, Wisconsin.
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groundwater, and aesthetics/recreation/
education.

Appendix C
Pros

Cons

Documentation

Florida Wetland Quality
Index (FWQI)

Method assesses 17 different indicators to
evaluate wetlands created for mitigation
purposes. Indicators include aquatic prey
base abundance, aquatic prey base diversity,
category I exotic pest plant species, diversity
of macrophytes, habitat diversity within
1000 feet, hydroperiod, hydropattern,
intactness of wetland resource, peat/muck
soil layer, protected animal species use,
proximity to aquatic refugia, sheet flow,
surrounding landscape position, water
quality, wetland vegetation cover, and
wildlife use.

Method considers a
variety of factors and
provides an overall
score for wetland
condition.

Method requires
collection of data over
several sampling periods.
Method was developed
to evaluate wetlands
created for mitigation
purposes and should not
be used to assess
naturally occurring
wetlands.

Lodge, T.E., H.O. Hillestad, S.W. Carney, and
R.B. Darling. 1995. Wetland Quality Index
(WQI): A method for determining
compensatory mitigation requirements for
ecologically impacted wetlands.
Proceedings of the American Society of Civil
Engineers South Florida Section Annual
Meeting, September 22-23, 1995, Miami,
Florida.

Florida Rapid Assessment
Procedure (FWRAP)

Method was designed to evaluate created,
enhanced, preserved, or restored wetlands.
Method emphasizes habitat indicators.

Method provides an
overall measure of
wildlife habitat quality
for a site.

Indicators that do not fall
into the same category
may be difficult to score.

Penn State Stressor
Checklist

Method evaluates wetland condition by
using a stressor checklist using a previously
completed landscape level assessment. A
buffer score is calculated based on width
and vegetation type. An overall score is also
calculated.

Method combines a
landscape level
assessment with a
rapid field
assessment.

Some of the stressors
included in the method
are specific to
Pennsylvania.

Miller, R.E., Jr., and B.E. Gunsalus. 1999.
Wetland rapid assessment procedure.
nd
Updated 2 edition. Technical Publication
REG-001. Natural Resource Management
Division, Regulation Department, South
Florida Water Management District.
Brooks, R.O., D.H. Wardrop, and J.A.
Bishop. 2002. Watershed-based protection
for wetlands in Pennsylvania: Levels 1 & 2 –
Synoptic maps and field rapid assessments,
Final report. Report No. 2002-1 of the Penn
State Cooperative Wetlands Center,
University Park, Pennsylvania.

Oregon Freshwater
Wetlands Assessment
Method

Method evaluates nine functions at each site
and then the site is characterized. A
category is assigned based on the narrative
criteria for each of the questions.

Method evaluates
functions for local
planning at on the
landscape level.

Method only provides
vague descriptions for
function categories and
can only be used for
freshwater wetlands.

Roth, E., R. Olsen, P. Snow, and R. Sumner.
1996. Oregon freshwater wetland
assessment methodology. Oregon Division
of State Lands, Salem, Oregon.

Massachusetts Coastal Zone
Management Method

Method assesses landscape indicators,
wetland indicators, vegetation diversity, and

Field portion can be
completed in less than

Calculation of landscape
indicators may take a

Hicks, A.L. and B.K. Carlisle. 1998. Rapid
habitat assessment of wetland,

Incorporating Wetlands into Watershed Planning
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degree of human activities in the wetland.
The method assigns scores to each of the
indicators and a total score is calculated.

Appendix C
Documentation
macroinvertebrate survey version: brief
description methodology. Massachusetts
Coastal Zone Management Wetland
Assessment Program, Amherst,
Massachusetts.
Furgro East, Inc. 1995. A method for the
assessment of wetland function. Prepared
for Maryland Department of the
Environment, Baltimore, Maryland.

Pros
one day. Method is
good for assessing
overall condition.

Cons
long time to calculate.

Method is designed to assess nontidal,
palustrine vegetated wetlands. Functions
are scored by summing indicator scores. The
method can calculate the total functional
capacity of a wetland.
The method assesses seven functions for
nontidal wetlands on the coastal plain of
Virginia. Factors are determined using a
desktop analysis of maps and existing data
and each factor is rated.

Method can be
performed as a
desktop method or as
a field method.

Method requires a lot of
data.

Method utilizes
detailed information
and is conducted
primarily as a desktop
analysis.

Method does not
calculate an overall score
for the site. Method was
designed for wetlands in
coastal Virginia.

Bradshaw, J. 1991. A technique for the
functional assessment of nontidal wetlands
in the coastal plain of Virginia. Special
Report No. 315 in Applied Marine Science
and Ocean Engineering. Virginia Institute of
Marine Science, College of William and
Mary, Gloucester Point, Virginia.

Instream Flow Incremental
Methodology (IFIM)

The IFIM is implemented in five phases:
problem identification, study planning,
study implementation, alternatives
analysis, and problem resolution.
(1) Phase I includes: legal-institutional
analysis and physical analysis.
(2) Phase II includes planning for data
collection and assessment of costs.
(3) Phase III includes data collection, model
calibration, predictive simulation, and
synthesis of results.
(4) Phase IV is a comparison of alternatives.
(5) Phase V is negotiating a solution to
balance conflicting values.

A variety of data can be
collected and analyzed
during the IFIM
because it is specifically
tailored for each
problem identified.
Different data will be
collected and
depending on that
data, different outputs
are derived.

Method is for tidal and
non-tidal open water
only.

Bovee, K.D., B.L. Lamb, J.M. Bartholow, C.B.
Stalnaker, J. Taylor, and J. Henriksen. 1998.
Stream habitat analysis using the instream
flow incremental methodology. U.S.
Geological Survey-BRD. Information and
Technology Report USGS/BRD/ITR-19980004. Fort Collins, Colorado.

Field Manual for Ohio’s
Headwater Habitat Streams

The method presents a three-tiered
protocol for assessing PHWH streams in
Ohio: (1) Rapid habitat evaluation referred
to as the Headwater Habitat Evaluation
Index (HHEI); and two levels of biological
assessment, (2) Family-level taxonomic

Method promotes
standardized
assessment of actual
and expected biological
conditions in primary
headwater habitat

Methods should only be
undertaken after a
determination has been
made that the stream has
no possibility of
supporting a well

Davic, R.D. (editor). 2002. Field evaluation
manual for Ohio’s primary headwater
habitat streams, September 2002, final
version 1.0. Division of Surface Water, Ohio
Environmental Protection Agency,
Twinsburg, Ohio.

Maryland Department of
the Environment Method
(MDE method)

Virginia Institute of Marine
Science Method (VIMS)

Level 3

Incorporating Wetlands into Watershed Planning
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Description
identification; and (3) Genus-species level
taxonomic identification.

Numerical Method for
Evaluation of Maine
Peatlands

Index of Marsh Bird
Community Integrity
(IMBCI)

Ecological Site Inventory
(ESI)

Index of Biological Integrity
(IBI) (Invertebrates)

Appendix C
Pros
(PHWH) streams in
Ohio. Method is
designed to statistically
differentiate among
three quality classes
(designated uses).

Cons
balanced fish community
as measured by the fishIBI, and that other State
of Ohio aquatic life
designations are not
appropriate.

Method evaluates six peat land
characteristics:
(1) Peat land morphologic/hydrologic types
(2) Other geologic/geomorphic features
(3) Vegetation types
(4) Flora
(5) Peat land area
(6) Pristine [or disturbed] condition
The grades may be scaled to assign
“Protection and Recommendation (PR)”
classes.
Sample the wetland bird community.
(1) Conduct an unlimited radius secretive
marsh bird survey at a centrally located
point count.
(2) Use data to calculate the Index of Marsh
Bird Community Integrity (IMBCI).
(3) Analyze data as needed, e.g., compare
wetland sites.
Method includes development of an
inventory plan, soil map units and maps,
ecological site descriptions, production
data, and similarity index.

Percentage emphasis
(in the evaluation
matrix) may be
modified, as
appropriate, for
application in other
geopolitical regions.

Method is for peat lands
only.
Data collection and
compilation completed by
trained technical staff
and professional
judgment and
geographical breadth of
knowledge is needed for
final evaluation.

Davis, R.B. and D.S. Anderson. 1999. A
numerical method and supporting database
for evaluation of Maine peat lands as
candidate natural areas. Maine Agricultural
and Forest Experiment Station Technical
Bulletin 175, University of Maine, Orono,
Maine.

IMBCI can be used to
test the relationship
between marsh bird
community integrity
and the amount of
urban/suburban
development.

IMBCI does not directly
identify
stressor/disturbance
factors.

DeLuca, W.V., C.E. Studds, L.L. Rockwood,
and P.P. Marra. 2004 Influence of land use
on the integrity of marsh bird communities
of Chesapeake Bay, USA. Wetlands
24(4):837-847.

Method is designed to
address several habitat
types within a
watershed context.

Habich, E.F. 2001. Ecological site inventory.
Technical Reference 1734-7. BLM/ST/ST01/003+1734. Bureau of Land
Management, U.S. Department of the
Interior, Denver, Colorado.

The invertebrate IBI utilizes invertebrate
organisms for this purpose. Before
proceeding with the development of an IBI,
a classification system is used to define the
applicable homogeneous habitat type.
Once defined, several metrics are chosen

Method is designed to
address several habitat
types within a
watershed context.
Method can be used
nationwide.

A team lead, a soil survey
team, a vegetation
mapping team, a
vegetation transecting
team, and a phenological
data collection team is
required.
Area assessed should be a
homogenous habitat in
order for the metrics to
be accurate.

Incorporating Wetlands into Watershed Planning

Documentation

Karr, J.R. 1981. Assessment of biotic
integrity using fish communities. Fisheries
6(6):21-27.
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Description
that show an empirical and predictable
change across a disturbance gradient for
this habitat. These metrics are identified by
the analysis of taxonomic data through the
identification and enumeration of sampled
organisms. The metrics categories are
tolerance, diversity, habitat, and feeding.
Index of Biological Integrity
IBI is a multimetric method used to
(IBI) (Plants)
describe the biological condition of a given
habitat. The plant IBI utilizes plant
organisms for this purpose. Before
proceeding with the development of an IBI,
a classification system is used to define the
applicable homogeneous habitat type.
Once defined, several metrics are chosen
that show an empirical and predictable
change across a disturbance gradient for
this habitat. These metrics are identified by
the analysis of taxonomic data through the
identification and enumeration of sampled
organisms. The metrics categories are
tolerance and sensitivity, compositions and
diversity, and ecological process attributes.
The Vegetation Index of
The VIBI is a multimetric method
Biotic Integrity (VIBI) for
incorporating attributes of wetland plant
Ohio Wetlands
communities to describe the ecological
condition of wetlands.

Floristic Quality Assessment
Index (FQAI) for Vascular
Plants and Mosses for the
State of Ohio

Assigns coefficients of conservatism to each
Ohio plant species based on the breadth or
narrowness of its ecological tolerances.
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Appendix C
Pros

Cons

Documentation

Method is designed to
address several habitat
types within a
watershed context.
Method can be used
nationwide.

Training in field
assessment method
required prior to
collecting organism
samples. The user should
be proficient in
identifying plants.

Karr, J.R. 1981. Assessment of biotic
integrity using fish communities. Fisheries
6(6):21-27.

Method correlates
strongly with human
disturbance gradients
and other measures of
wetland ecological
condition.

Training in field
assessment method
required prior to
collecting organism
samples (a field guide is
available). The user
should be proficient in
identifying plants.

Provides a FQI for Ohio
that can be used to
evaluate habitats based
on the sensitivity of the
plants inhabitating
them.

The user should be
proficient in identifying
plants.

Mack, John J. 2004. Integrated Wetland
Assessment Program. Part 4: Vegetation
Index of Biotic Integrity (VIBI) and Tiered
Aquatic Life Uses (TALUs) for Ohio
wetlands. Ohio EPA Technical Report
WET/2004-4. Ohio Environmental
Protection Agency, Wetland Ecology
Group,Division of Surface Water,
Columbus, Ohio.
Andreas, Barbara K., John J. Mack, and
James S. McCormac. 2004. Floristic Quality
Assessment Index (FQAI) for vascular plants
and mosses for the State of Ohio. Ohio
Environmental Protection Agency, Division
of Surface Water, Wetland Ecology Group,
Columbus, Ohio.
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Index of Biological Integrity
IBI is a multimetric method used to
(IBI) (Fish)
describe the biological condition of a given
habitat. The invertebrate IBI utilizes fish
organisms for this purpose. Before
proceeding with the development of an IBI,
a classification system is used to define the
applicable homogeneous habitat type.
Once defined, several metrics are chosen
that show an empirical and predictable
change across a disturbance gradient for
this habitat. These metrics are identified by
the analysis of taxonomic data through the
identification and enumeration of sampled
organisms. The metrics categories are
tolerance, diversity, and feeding.
The Amphibian Index of
The AmphIBI is a multimetric method
Biotic Integrity (AmphIBI)
incorporating attributes of wetland
for Ohio Wetlands
amphibian communities to describe the
ecological condition of wetlands.

Index of Biological Integrity
(IBI) (Birds)

IBI is a multimetric method used to
describe the biological condition of a given
habitat. The invertebrate IBI utilizes bird
organisms for this purpose. Before
proceeding with the development of an IBI,
a classification system is used to define the
applicable homogeneous habitat type.
Once defined, several metrics are chosen
that show an empirical and predictable
change across a disturbance gradient for
this habitat. These metrics are identified by
the analysis of taxonomic data through the
identification and enumeration of sampled
organisms. The metrics categories are
frequency, proportional abundance, and
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Pros
Method is designed to
address several habitat
types within a
watershed context.
Method can be used
nationwide.

Cons
Training in field
assessment method
required prior to
collecting organism
samples. The user should
be proficient in
identifying fish species.

Method correlates
strongly with human
disturbance gradients
and other measures of
wetland ecological
condition.

Training in field
assessment method
required prior to
collecting organism
samples (a field guide is
available). The user
should be proficient in
identifying adult and
larval amphibians.
Training in field
assessment method
required prior to
collecting organism
samples. The user should
be proficient in
identifying bird species.

Method is designed to
address several habitat
types within a
watershed context.
Method can be used
nationwide.

Appendix C
Documentation
Karr, J.R. 1981. Assessment of biotic
integrity using fish communities. Fisheries
6(6):21-27.

Micacchion, Mick. 2004. Integrated
Wetland Assessment Program. Part 7:
Amphibian Index of Biotic Integrity
(AmphIBI) for Ohio Wetlands. Ohio EPA
Technical Report WET/2004-7. Ohio
Environmental Protection Agency, Wetland
Ecology Group, Division of Surface Water,
Columbus, Ohio.
Karr, J.R. 1981. Assessment of biotic
integrity using fish communities. Fisheries
6(6):21-27.
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Description
number of species.
Water Chemistry
The method components to collecting
Characterization - EMAP
water chemistry information are: (1)
collecting samples of stream water to ship
to the analytical laboratory, and (2)
obtaining in situ or streamside
measurements of specific conductance,
dissolved oxygen, and temperature.

Aquatic Vertebrate
Characterization – EMAP

Physical Habitat
Characterization – EMAP

Bentic Macroinvertebrate
Characterization – EMAP

Appendix C
Pros
Method can be used
nationwide.

Cons
Method is intended to be
used as part of
monitoring programs
carried out to assess
biological criteria for the
recognized beneficial
uses of water, to monitor
surface water quality, and
to evaluate the health of
the aquatic environment.
Method is limited to nontidal open water and it
takes a multiple person
team to complete
monitoring.

Kaufmann, P.R. and E.G. Robison. 1998.
Water chemistry. Section 5 in J.M.
Lazorchak, D.J. Klemm, and D.V. Peck
(editors). EMAP- Surface waters: Field
operations and methods for measuring the
ecological condition of wadeable streams.
EPA/620/R-94/004. U.S. Environmental
Protection Agency, Washington, D.C.

Kaufmann, P.R. and E.G. Robison. 1998.
Aquatic vertebrate characterization.
Section 12. In J.M. Lazorchak, D.J. Klemm,
and D.V. Peck (editors). EMAP- Surface
waters: Field operations and methods for
measuring the ecological condition of
wadeable streams. EPA/620/R-94/004. U.S.
Environmental Protection Agency,
Washington, D.C.
Klemm, D.J., J.M. Lazorchak, J.M. and P. A.
Lewis. 1998. Benthic macroinvertebrate
characterization. Section 11 in J.M.
Lazorchak, D.J. Klemm, and D.V. Peck,
editors. EMAP- surface waters: Field
operations and methods for measuring the

Fish and other aquatic vertebrates are
collected according to time and distance
criteria. Samples are collected using
electrofishing and seining. Processing
involves tallying and identifying fish and
amphibians, examining individual
specimens for external anomalies,
obtaining length measurements from
selected specimens, preparing voucher
specimens for taxonomic confirmation and
archival at a museum, and selecting
specimens to prepare samples for fish
tissue contaminants.
Method includes assessing: (1) stream
discharge; (2) thalweg profile; (3) large
woody debris tally; and (4) channel and
riparian zone characterization.

Method can be used
nationwide.

Method can be used
nationwide.

Method is limited to nontidal open water and it
takes a two-person team
to complete monitoring.

In this method, an equal number of kick net
samples are collected from available riffle
and pool habitats located within the
sampling reach. A kick net sample is
collected from each of the nine interior
cross-section transects at an assigned

Method can be used
nationwide.

Method is designed for
non-tidal open water.
Method takes multiple
days to complete.
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Documentation

Kaufmann, P.R. and E.G. Robison. 1998.
Aquatic vertebrate characterization.
Section 12. In J.M. Lazorchak, D.J. Klemm,
and D.V. Peck (editors). EMAP- Surface
waters: Field operations and methods for
measuring the ecological condition of
wadeable streams. EPA/620/R-94/004. U.S.
Environmental Protection Agency,
Washington, D.C.
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Description
sampling point and defined as a riffle/run
or pool glide habitat. Once collected,
samples are either placed in buckets
labeled riffle/run or pool glide depending
on the habitat from which they are
collected. Following collection, researchers
prepare two composite index samples. The
samples are labeled, preserved with 70%
ethanol, and shipped to a laboratory for
further analysis.
Washington Aquatic Habitat Method characterizes the present (and/or
Design Guidelines
historic) state of habitat and the processes
that create and maintain it so that
problems and appropriate restoration
options and obstacles can be identified and
prioritized. It provides the technical basis
for making decisions concerning land
management as well as restoration and
mitigation policy, planning, and project
development.

Pros

Cons

Appendix C
Documentation
ecological condition of wadeable streams.
EPA/620/R-94/004. U.S. Environmental
Protection Agency, Washington, D.C.

Provides basis for
assessing stream
conditions prior to
restoration and
monitoring post
restoration.

Method is for Pacific
West only.

Saldi-Caromile, K., K. Bates, P. Skidmore, J.
Barenti, and D. Pineo. 2004. Stream habitat
restoration guidelines: Final draft. Copublished by the Washington Departments
of Fish and Wildlife and Ecology, and the
U.S. Fish and Wildlife Service. Olympia,
Washington.

Floristic Quality Assessment
Index (FQAI)

The method assigns a numeric score from 0
to 10 to each plant species growing in a
specified region. Once the scores are
assigned the floristic quality assessment
index is calculated.

The method was
designed for Chicago
Illinois, but it has
subsequently been
modified for use in a
few additional states.

Advanced skill in
identifying plants,
especially rare species, is
required.

Swink, F. and G. Wilhelm. 1979. Plants of
the Chicago region. Morton Arboretum.
Lisle, Illinois.

New Hampshire Coastal
Method

Method assesses the following functions:
ecological integrity of the evaluation unit;
ecological integrity of the zone of influence;
shoreline anchoring; storm surge
protection; wildlife, finfish, and shellfish
habitat; water quality maintenance;
recreation potential; aesthetic quality;
education potential; and noteworthiness.
The area is divided into evaluation units
(EUs) based on observed tidal restrictions.
Each EU is assessed separately by

Method can be used to
directly compare
vegetated tidal
wetlands within New
Hampshire.

Method is designed for
New Hampshire coastal
tidal marshes.

Cook, R.A, A.J. Lindley Stone, and A.P.
Ammann. 1993. Method for the evaluation
and inventory of vegetated tidal marshes in
New Hampshire: Coastal method. Audubon
Society of New Hampshire, Concord, New
Hampshire.
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Description
completing data sheets. The final output is
a score for each function and a collection of
graphs; no overall score is produced for
each site.

Appendix C
Pros

Cons

Documentation

Data output includes a
wide number of data
categories
characterizing stream
and valley morphology,
land use, and existing
or potential adverse
impacts. Data outputs
are descriptive, scaled,
and quantitative.

Method is designed
for the Northeast only
and method takes
several days to
complete all the
phases.

Vermont Agency of Natural Resources (VANR).
2004. Vermont stream geomorphic assessment
protocol handbooks. Vermont Agency of
Natural Resources, Waterbury, Vermont.

Method can be used on
a variety of habitat
types and is designed
to address several
habitat types within a
watershed context.

Method requires GIS
expertise and was
intended to be used
by the National
Capital region.

Weber, T. 2003. Maryland green infrastructure
assessment: A comprehensive strategy for land
conservation and restoration. Retrieved April
15, 2004 from Maryland Department of
Natural Resources website
www.dnr.state.md.us/greenways/gi/gidoc/gid
oc.html

All Levels
Vermont Geomorphic
Assessment Protocol
Handbooks

Maryland Green
Infrastructure Assessment

Method includes the following 3 phases:
Phase 1 (Watershed Assessment) where
information is gathered from maps, aerial
photographs, existing studies and
databases, local and resource specialists’
knowledge and very limited field studies or
“windshield surveys.” Phase 2 (Rapid field
assessment) where field data is collected
from measurements at the stream reach or
sub-reach scale. Phase 3 (Survey-level field
assessment) where detailed, quantitative
measurements of channel dimensions,
pattern, profile, and sediment are
collected.
The Method includes: Gathering available
data by collecting GIS data from federal,
state, county, and other sources;
Identifying the Green Infrastructure
Network by analyzing data to identify hubs
and potential corridors; Evaluating and
ranking the hubs and corridors within each
physiographic region based on ecological
importance (“ecological ranking”);
Identifying and ranking threats to
maintaining green infrastructure; and
analyzing at a finer level to produce more
detailed site comparison and prioritization
(for potential acquisition). A fine-scale
evaluation of development risk may also be
completed.
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Appendix D: Wetland Restoration, Creation
and Enhancement Techniques
R = Restoration, C = Creation, and E = Enhancement
Suitability

Problem

Altered Hydrology
R/C/E
Ditching, Draining and Other
Hydrological Modifications

R/C/E

Filling

Possible Techniques

•
•

•
•
•

R/C/E

Dams, Dikes, Levees (diversions,
extractions)

•
•

R/C/E

Road crossing with undersized culvert
constraining hydrology

Incorporating Wetlands into Watershed Planning

•

Fill or plug ditches or other drains.
Break and backfill tiles with tight clay.

Remove fill.
Wetlands being created should begin at
naturally occurring upland landforms.
Wetlands being restored should begin at filled
landforms.
Remove or breach diversions or operate to
more closely emulate natural flows.
Maintain or increase total wetland area.

Replace with properly sized culvert or with a
bridge.

Possible Considerations
and Rules-of Thumb (where available)
Organic soil may have decomposed so that
the elevation of the site is lower than it used
to be. Keep modifications to the landscape at
a minimum and concentrate on recreating the
historical hydrology sources for the wetland.

This technique is an option if removal would
not impact a roadway, building or other
structure or impact adjacent wetlands, if they
exist.
Control water level with low maintenance
structures.

This technique requires consultation with a
hydraulics expert.
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Suitability
R/C/E

Appendix D

Problem
Flooding

•

Extend area of existing wetlands to take up
flood waters.
Create wetlands to reduce flooding risk (act as
stormwater retention areas during wet
periods).
Increase retention and/or infiltration.

Wetlands only need to be inundated or
saturated in the top 30 cm of the soil for a
short period of time during the growing
season. Some wetlands will be wet for
relatively short periods of time.
Depressional wetlands with long retention
times are generally best for improving surface
water quality, floodwater retention, and
wildlife habitat (MNBWSR 2009).

•

Install vegetated buffers or swales.

•

•
•

R/E

Limited groundwater recharge

Water Quality Impairments
R/C/E
Sites where there is no longer a
wetland catchment area.
•
Sediments
Nutrients (Wetlands can reduce
•
algal growths in streams during
some times of year.)
•
Low Dissolved Oxygen (Wetlands
can help intercept nonpoint
sources of nutrients, reduce
aquatic plant growth and
respiration demand in streams.)
•
pH (Wetlands can intercept acid
inputs such as acid mine drainage
and help neutralize acidity by
converting sulfates associated
with sulfuric acid to insoluble nonacidic metal sulfides that remain
trapped in wetland sediments.)
•
Ammonia Toxicity (Wetlands can
intercept nutrients, thus reducing
plant growth and photosynthesis
in the stream, thereby decreasing
pH levels, and reducing ammonia
concentrations, both of which will
reduce ammonia toxicity.)
Incorporating Wetlands into Watershed Planning

Possible Considerations
and Rules-of Thumb (where available)

Possible Techniques

•
•
•
•

Install sediment traps.
Use silt fencing in construction areas.
Fence out livestock and provide alternative
water source.
Stabilize slopes with vegetation/biodegradeable structures.

•

Expert may be needed to design buffers
or swales.
Use native seeds, seedlings plants.

•

Sediment traps require periodic cleaning.

•

Slopes exceeding a 4:1 ratio in steepness
or areas close to streams may need
erosion control before being vegetated
with biodegradable straw matting
(Curlex), weed-free mulch or straw on
shallow slopes.
Most natural wetland slopes are on the
order of 15:1 or less.

•
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Suitability

Problem
Metals (Wetlands can reduce
metal inputs and increase inputs
of dissolved organic carbon and
alkalinity concentrations to
streams, all of which reduce metal
toxicities.)
(USEPA 1995)
Stormwater
(Cappiella et al. 2008; McCarthy 2008)

Appendix D

Possible Techniques

Possible Considerations
and Rules-of Thumb (where available)

•

C

Structural Stormwater Best Management Practices
(BMPs)
•
The BMPs include constructed wetlands.
Traditional Approaches to Constructed Stormwater
Wetlands
•
Shallow Wetland
•
Extended Detention Wetland
•
Pond/Wetland System
•
Gravel Wetland

The Center for Watershed Protection (CWP)
suggests new generation methods to include
the addition of trees and shrubs and to reduce
water level fluctuations. CWP also outlines
new design objectives (Cappiella et al. 2008).

New Emergent Wetland/Pond Design
•
Wooded Wetland Design
•
Pondscaping
•
Adapting Stormwater Wetland Designs for
Special Climates, Terrain, and Other
Conditions
Habitat Alteration or Destruction
R/E
Alteration or Destruction

R/E

Loss of Biodiversity

Incorporating Wetlands into Watershed Planning

Restore natural flows.

Restore native plant and animal communities in
the wetlands and buffer areas using natural
processes.

This technique is closely linked with
hydrologic alterations and water quality
impairments.
The survival of most wetland wildlife species is
dependent on both wetland and adjoining
upland habitat features and their interactions.
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Suitability
R/E

Appendix D

Problem
Loss of native species, aka Invasive
species

R/C/E

Possible Techniques
Mechanical, Chemical, and Biological Control
Prescribed burns
Mowing, disking
•
Hand-removal
•
Replanting with natives
•
Changes in hydrology (e.g., temporary
flooding)
•
•

•
•

Incorporating Wetlands into Watershed Planning

Reconnect wetland with upland through
buffers planted with natives.
Add buffers as habitat.

Possible Considerations
and Rules-of Thumb (where available)
Common invasives in freshwater wetlands
include, among others: purple loosestrife
(Lythrum salicaria L.) common reed
(Phragmites australis var. australis.), narrow
leaf and hybrid cattails (Typha angustifolia
and Typha x glauca) and reed canary grass
(Phalaris arundinacea) and problem species
will vary geographically. Most invasive species
are shade intolerant. Where amenable,
development of a forested canopy can
eliminate invasive species in the long term.
•
Minimum width: 100-feet
Optimum width: 300-feet
•
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