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LETTER TO THE READER

Over the past 200 years, more than 50 percent of the wetlands in the coterminous U.S. have
been lost and many of the remaining wetlands are degraded. These losses and dterations compromise
the important benefits provided by wetlands including protecting water qudity, providing habitat for a
wide variety of plants and animals, and reducing flood damage. While preserving remaining wetland
resources is critica to our nation’s environmenta hedth, restoring wetlands dso is essentid to ensuring
the quaity of aguatic systems. Because wetlands are so important to the earth’s ecosystems and
human society, the National Oceanic and Atmospheric Adminigtration (NOAA), Environmental
Protection Agency (EPA), Fish and Wildlife Service (FWS), Natura Resources Conservation Service
(NRCS), and Army Corps of Engineers (Corps) worked together to develop this document designed
for people wishing to support or undertake wetland recovery projects.

Many documents about restoration and related activities are technica or scientific in nature and
are desgned for experts. This document, however, is not a scientific paper. It is desgned specificaly
for individuas, community groups, municipdities, or others who have little or no experiencein the
retoration fiddd. We have written to a generd audience for anumber of reasons.

. Mogt land in the U.S. isin private ownership; significant increases in wetland quaity and
quantity can be achieved if private landowners restore wetlands on their property.

. Many EPA, NOAA, FWS, and NRCS programs support public involvement in wetland
recovery efforts; information on wetland restoration for the genera public may enhance those
programs.

. Regtoration is an important, growing environmenta field. The generd public can benefit from
access to basic information about restoration, and may become encouraged to become
involved in and support restoration projects.

Deveoping a guide on wetland restoration, crestion, and enhancement applicable across the
nation is difficult for anumber of reasons. Firg, the terms “restoration,” “crestion,” and “enhancement”



Asyou read this document, it will become clear that wetland projects vary consderably in Sze
and complexity. In some cases, one person’s efforts (fencing out cows, mowing ingtead of tilling, or
eliminating the use of pesticides) can substantially improve a degraded site. On the other hand,
teamwork and the help of specidigsis usualy required for cregting new wetlands or restoring sites with
extensve damage. In her book Restoring Streams in Cities, Ann Riley (1998) states that most
restoration projects require teams of people with expertise in areas such as ecology, hydrology,
engineering, and planning, anong others.

Many landowners enrall in federd or state programs in which the public agency puts together a
team of gpecidists who help with the restoration work. Other landowners or citizen groups may not be
eligible for these programs or smply may want to organize the project themsdves. Whether you are
enrolled in awetland restoration program or are organizing awetland project yoursdf, this guide will
help you understand what types of people and resources to consult in order to plan, implement, and
monitor your wetland project.

The agencies who have worked on this informationa document want it to be as useful as
possible. Please give us your thoughts and comments on the information provided here. Writeusor e-
mail us care of:

Susan-Marie Stedman
NOAA FisheriesF/HC
1315 East-West Highway
Silver Spring, MD 20910

susan.stedman@noaa.gov
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The Nationa Research Council’ s 1995 report entitled “Wetlands: Characteristics and Boundaries® lists
severd mgjor classes of U.S. wetlands and some plants associated with each:

. Freshwater Marsh--grasses, sedges, herbs,

. Tida Sdt and Brackish Marsh--sdlt tolerant grasses, rushes,

. Prairie Potholes--grasses, sedges, herbs,

. Fens--sedges, grasses, shrubs,

. Bogs--sphagnum moass, shrubs, trees,

. Swamp Bottomland--cypress, gum, red maple; and
. Mangrove Forest--black, red, white mangroves.

Although wetland types are diverse, they al possess severd ecologica characterigtics that
digtinguish them from upland or other aquatic ecosystems. Specificaly, wetlands are characterized by
unique hydrologic, soil (subgtrate), and biotic conditions. The hydrologicd regime, which is determined
by the duration, flow, amount, and frequency of water on asite, istypicaly the primary factor driving
the other ecologicd dements of the system. A dSite has wetland hydrology when it is wet enough to
produce soils that can support hydrophytic vegetation (plants that are adapted to waterlogged
environments). Wetland substrates are called hydric soils, meaning they are saturated with water for
part or dl of the year. Saturated soils become anaerobic (without oxygen) as water stimulates the
growth of micro-organisms, which use up the oxygen in the spaces between soil particles. When soils
become anaerabic, they change significantly in structure and chemigtry. These factors al make wetland
soils gressful to terrestrid plants.

Asaresult of waterlogged, anaerobic conditions, wetlands are dominated by hydrophytic plants
that are specifically adapted to withstand these demanding conditions. The wide diversity of wetland
plant species includes emergent plants (those with leaves that grow through the water column, such as
cattalls, sedges, and rushes), submerged plants (pondweeds, edlgrass), and floating-leaved plants (such
as water lilies and duckweed). Wetland plants aso include trees (such as cypress, red maple, and
swamp 0ak), shrubs (such as willows and bayberry), moss, and many other vegetation types.

Because they exist where land and water meet, wetlands are often used by animals from both
wet and dry environments. A number of invertebrate, fish, reptile, and amphibian species depend on
wetland water cyclesto survive or complete therr lifecyles. For example, nearly dl amphibians and at
least 50 percent of migratory birds use wetlands regularly. Approximately 75 percent of dl commercia
marine fish species depend on estuaries, which in turn depend on their wetlands to maintain these
productive ecosystems. See Technica Appendix T-I1 for more information on these attributes of
wetlands.

Wetland Classification. Scientists have classfied wetlands into various types. A wdl-known
scheme, developed by Cowardin et al. (1979) for the FWS, has become the federally-accepted
standard (see Box 1). Cowardin et al. state “Wetlands are defined by plants (hydrophytes), soils
(hydric sails), and frequent flooding. Ecologicaly related areas of deep water, traditionaly not
consdered wetlands, are included in the classification as deegpwater habitats.” For the complete
nationa wetlands classification standard see

http://wetlands.fws.gov/Pubs_Reports/pubs.html.






The Importance of Wetlands

The loss and degradation of wetlandsin the U.S. has resulted in a decline in the important
benefits that wetlands provide to society. These benefits or functions usudly link to goods and services
important to society. Some of the benefits wetlands provide include:

. Hedthy fisheries. A 1991 study by James R. Chambers determined that gpproximately 75
percent (by weight) of commercialy harvested fish and shellfish are dependent on estuaries and
their wetlands. Nationdly, commercia fisherieswere vdued a $3.5 hillion in 2000. In
Cdiforniadone, the seafood industry generates gpproximately $800 million in sdes annudly.
Virtudly dl freshwater species of fish are dependent to some degree on wetlands, often
spawning in marshes adjacent to lakes or in riparian forests during spring flooding. These
species are sought by recreetiona anglers, who spent $38 billion in 1996 to pursue their sport.

. Support for birds and other wildlife. Wetlands are probably best known for their vaue to

waterfowl. The freshwater wetlandsin the prairie pothole region of North America support an
estimated 50 to 80 percent of the continental waterfowl production each year. Theloss of wetlandsin
this region, which is estimated to be more than 50 percent of the origina wetland acreage occurring at
the time of settlement, has been considered a mgjor factor in the decline in nesting success of duck




. Eroson control. By dissipating wave energy and stabilizing shordines, wetland vegetation
buffers the adjacent upland from wave action and intensive erosion.

. Hood damage reduction. Wetlands intercept runoff and store ssormwater, thereby
changing rapid and high peak flowsto dower and smaller discharges over longer periods of
time. Becauseit isusudly the peak flowsthat cause flood damage, the effect of wetlandsisto
reduce the danger of flooding. A classic study by the Corpsin the Charles River Basiniin
Massachusetts estimated that the loss of 3,400 hectares (gpproximately 8,100 acres) of
forested wetlands would increase downstream flood damage, costing millions of dollars
annualy.

. Good water quality. Wetlands are known for their ability to capture sediments and filter
pollutants, which improves water quality. For example, soring floods often carry very turbid
water which, if not for the filtering that occurs in downstream wetlands, could deposit sediment
that would smother plants and fish eggs. In addition, wetlands constructed to treet municipa
runoff require only afraction of the congtruction and operation budget of a conventiond system.

. Aesthetics and recregtion. Many recreationd activities take place in and around wetlands.
Hunting and fishing are popular activities associated with wetlands. Other recreationd activities
in wetlands include hiking, nature observation and photography, canoeing, and other boating.
Many people smply enjoy the beauty and sounds of nature and spend their leisure time near
wetlands observing plant and animd life. Wetlands are dso important places for outdoor study
and for gaining an gppreciation of natura history and ecology. Properties bordering wetlands
often have higher property values than those that do not.  Urban wetlands are typicaly some of
the last remaining pieces of “natura habitat” providing residents some sense of wildness and
open space.

A primary god of wetland recovery projectsis to preserve and restore wetland benefits by re-
edablishing natural ecological processes. Some wetland functions can be mimicked with engineered
sructures, but engineered methods typicaly do not provide the maximum ecologicd benefit. For
example, indead of re-establishing native vegetation on wetland edges to control eroson, a cement wall
could be used to armor the bank. A cement wall could limit erosion for atime, but it does not provide
the other ecosystem benefits of wetlands, such asfiltering pollutants and providing fish habitat. For a
more detailed list of wetland functions, see Technica Appendix T-I.



PART 2. WHAT ISRESTORATION?

Definitions

The terms “restoration”, “ creation”, and *enhancement” have been defined avariety of ways.
The following commonly-accepted definitions for these terms, based on Lewis (1990), will be used in
this document:

. Restoration - Returning a degraded wetland or former wetland to a pre-existing condition or
as close to that condition asis possible.

. Creation - Converting a non-wetland (either dry land or unvegetated water) to awetland.

. Enhancement - Increasing one or more of the functions performed by an existing wetland

beyond what currently or previoudy existed in the wetland. Thereisoftenan  accompanying
decrease in other functions.

A smilar set of definitions was adopted by a number of federal agenciesin 2000 to keep track
of federa wetland conservation projects. This set of definitions distinguishes between two types of
restoration - “rehabilitation” (restoration in an existing wetland) and “reestablishment” (retorationin a
former wetland). These definitions are in Appendix T-V.

Regtoration and enhancement projects may be difficult to distinguish from each other, because
both can encompass activities in existing degraded wetlands. According to the definitions above,
restoration entails returning a wetland to aformer ate (e.g., filling aditch so that a drained wetland
becomes flooded again), while enhancement means changing the wetland so that one or more functions
are increased beyond their origind gate. An example would be diverting asmall stream into awetland
so that the area has deeper water.

Enhancing awetland in one way often degrades it in another way. For example, adding more
water to awetland may create better habitat for fish, but it will decrease the ability of the wetland to
hold flood waters. This trade-off is particularly true for enhancement in relaively undisturbed wetlands.
Some common examples of the trade-offs that can occur with wetland enhancement include loss of fish
habitat when st marshes are impounded to provide waterfowl habitat, decreased water storage when
seasond wetlands are flooded to increase aquatic habitat, and loss of colonid waterbird habitat when
mangroves are removed to provide shorebird habitat. \When wetland enhancement is undertaken, the
project gods should include minimizing any decrease in existing wetland functions.

Wetland creetion - putting awetland where it did not exist before - isusudly a difficult
undertaking. The primary chalengesin crestion projects are bringing water to a Ste where it does not
naturaly occur and establishing vegetation on soils that are not hydric. While creation is possible, it
typicaly requires sgnificantly more planning and effort than restoration projects, and the outcome of the
effort is difficult to predict. Many attempts to convert uplands to wetlands result in ecosystems that do
not closaly resemble natural wetlands and that provide limited wetland functions (vauable upland
habitat might be logt in the process aswell). Creating wetlands from open water is less difficult with
respect to establishing awater source, but it often requires placing dirt or other fill into existing agquetic
habitats, which means destroying one kind of aguatic habitat to create another. While this trade-off
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sometimes can be judtified ecologicdly, the engineering and regulatory chalenges of these projects are




Approaches to Restoration

Regtoration practitioners typicaly implement only the actions necessary to re-establish natura
wetland processes on agte. Thefirst method to consder for renewing functionsis to remove the
factors causing wetland degradation or loss and let nature do the work of restoration.

This method is often cdled the passive approach. For example, if wetland vegetation and water
quality are degraded primarily as aresult of cattle grazing, then removing the cows may be the only
activity needed to restore the wetland system. Passive methods alow natura regeneration of wetland
plant communities, natura re-colonization by animas, and re-establishment of wetland hydrology and
soils. Passive approaches are most gppropriate when the degraded site il retains basic wetland
characteristics and the source of the degradation is an action that can be stopped. The success of
passive methods usually depends on an accessible source of water, the close proximity of wetland
plants and animals, and a mechanism for bringing species to the restoration ste. The benefits of passive
methods include low cost and a high degree of certainty that the resulting wetland will be compatible
with the surrounding landscape.

For many sites, passve methods are not enough to restore the natural system and an active
approach isnecessary. Active gpproaches involve physicd intervention in which humans directly
control Site processes to restore, cregte, or enhance wetland systems. The active approach is most
gppropriate when awetland is severely degraded or when goals cannot be achieved in any other way,
asisthe case with wetland creetion and most enhancements.  Active methods include re-contouring a
Ste to the desired topography, changing the water flow with water control structures (i.e., weirs or
culverts), intensve planting and seeding, intensive non-native species control, and bringing soilsto the
Steto provide the proper substrate for native species. The design, engineering, congtruction, and costs
for such work can be sgnificant.

PART 3. TACKLING THE RESTORATION PROJECT

Enroll In a Restoration Program

There are anumber of federd wetland restoration programs, in which landowners can enroll
for help with awetland recovery project. Federd programs provide technica and financial assstance
to landowners, communities, and loca governmentsinterested in restoring netive fish and wildlife
habitats, including wetlands, uplands, riparian, and in-stream habitats. Many people take this route to
retoration. Information on federa programsis given in Resource Appendix R-1l. Severd dates, non-
profit organizations, and local governments have smilar programs. Check with your state department
of natura resources to determine whether loca restoration programs exist.

Hire a Project Manager

If you don't qudify for afederal or state program, another project approach is to hire someone
with experience in wetland restoration to put together a plan and ateam for you. There are consulting
firms and some non-profit groups around the country who have the expertise in-house or can act asa



wetland restoration contractor to find those with the right kind of expertise. Check the Association of
State Wetland Managers “Directory of Wetland Professonds’ at http://www.asvm.org or the
Professond Certification section of the Society of Wetland Scientists' Site a http:/imww.sws.org for
lists of professiond restorationists (and see Resource Appendix R-111).

Be Your Own Project Manager

If you (asan individud or citizen’s group) choose to do the project yoursdlf, you will want to
assemble the people necessary to complete your wetland work. The type of technicd advice and
amount of physical help needed will depend on the project gods, the extent of degradation of the Site,
and the type of wetland; in short, it will depend on the complexity of the project. An example of a




digricts, or sate departments of natura resources may have staff with experience in wetland
resoration. Ask for help in developing your restoration plan, reviewing it, or in providing specific
information on the ecology of the wetland type you want to establish. If the agencies you contact do
not have enough time or expertise to help you, ask for other contacts they would recommend. Some
agencies have programs for funding restoration projects (see Resource Appendix R-11).

L ocal Experts. Solicit restoration expertise from the local community. Post or send out flyers
asking for volunteer expertsin the community to help you. Many people with wetland restoration
expertise areinvolved in wetland restoration effortsin their off hours. Not everyone who volunteers will
have the expertise you need, so ask questions about what projects they’ ve worked on, and look at the
projectsto seeif they are meeting their godls.

Universitiesand Non-Profits. Check with the biology or environmenta studies departments
of locd colleges and universities. They may offer ecological restoration courses or programs that could
provide you with more background. The course instructors may be willing to help you with your
project by providing technica advice and/or student volunteers. Loca non-profit organizations may
have retoration programs as well as access to advisors and volunteers. If local non-profits don't yet
have arestoration program, you might convince them to team up with you to plan and undertake your
project. Consder such organizations as the I1zaak Wadton League of America, thelocal Sierra Club or
Audubon Society, native plant societies, and watershed protection groups.

Severd large non-profit groups are Sgnificant supporters of restoration work. The National
Fish and Wildlife Foundation helps groups find money to finance environmenta projects, Ducks
Unlimited provides funds and expertise to protect and restore wetland habitat, and The Nature
Conservancy is avauable source of information on restoration, creation, and enhancement projects.
Find contact information for these and other groups in Resource Appendix R-111.

Corporations. Many corporations sponsor wetland restoration, sometimes in partnership with
government agencies and non-profits. For example, the National Corporate Wetlands Restoration
Partnership, sponsored by the Nationa Association of Manufactures, the Gillette Company, and
Coastd America, is a public-private partnership between the federd government, state governments
and private corporations to restore wetlands and other aguatic habitats (see
http://ww.coastalamerica.gov/text/cwrp.html).

The remainder of this document describes the four phases of arestoration project: planning,
implementation, monitoring, and long-term management. If you are having someone conduct the
restoration project for you, you will not be using this information yoursdlf, but knowing the process will
help you ask the right questions and understand the work. For those doing their own projects, the
following information gives abasic overview of the restoration process and provides some resources.
This document cannot provide the specific information on local wetland types, Site conditions,
watershed land uses, or implementation that is necessary to accomplish aproject. That information
must be obtained from sources with specific locad knowledge. Some of these sources are listed in the
Bibliographationsdy isavaces are |/uQy corpoij -0Otion, s0.4460c vapT] -Oom om sotl
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PART 4. PLANNING
Why Plan?

Good planning isacritica, but often overlooked, stage of the restoration process. Inadequate
planning is often cited as a mgor reason projects fail to restore salf-sustaining, naturaly-functioning
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Maps with local topography and existing aeria photography can provide essential information
on the primary sources of water in the watershed and the way wetlands are associated with them.
Rivers, streams, lakes, bays, and the ocean are obvious sources of water that may have wetlands
associated with them.  Some wetlands are sustained by less obvious sources of water such as
groundwater (Springs, seeps, high water table) or rainfal and surface runoff. Obtain topography,
drainage, and runoff information from the NRCS Fied Office Technica Guides. Loca water quaity
control digtricts, water management digtricts, or flood control digtricts (states often use different names)
will have rainfal dataand water level datafor loca water bodies. Look for data on the groundwater
levels. The Federd Emergency Management Agency (FEMA) and loca flood control digtricts have
maps on the location and eevations of floodplains. These agencies can help you find out the frequency
and magnitude of the flood events that occur in your community.

Soil maps for your watershed are available from the NRCS and are invauable in locating where
wetland soils exist or used to exist. Soil maps dso often contain information about the location of
springs, ponds, streams, and drainage ditches. Aeria photographs from the USGS or local aerid
photography firms may provide data on some watershed festures including the presence of wetlands
and the amount and type of vegetation cover in an area. Information on loca vegetation communities
aso may come from recent biological reports completed for planning agencies, Environmenta Impact
Statements, or other documents available from loca planning agencies. Table 1 gives sources of
information on soils, floodplains, and other watershed features.

Aerid photos are avaluable and commonly used source of data on watershed features such as
topography, drainage and ponding patterns, land uses, vegetation communities and coverage, and
habitat fragmentation and loss. Aerid photos cannot provide al of the information needed to evauate
watershed conditions; you will need to check with other sources to fully evauate your watershed.
Consult local agencies and other sources of information to get afull picture of current watershed
conditions.

In addition to information about present conditions, collect information on the history of the
watershed for valuable ingght into the ecosystems that used to be there and what factors have caused
loss or degradation to wetlandsin the area. There may be aeria photographs for the past severd
decades or other records of past watershed conditions that could provide some of this information.
Reviewing aerid photos from severd years probably will show that some features, such as topography,
have not changed much but others, such as land use, drainage ditches, roads and other structures, and
vegetation communities, have changed sgnificantly.

After consdering naturd conditions, identify human influences and constructed features.

Roads, ditches, dams, and large areas of impervious surfaces such as parking lots are dl features of the
landscape that could affect existing wetlands and proposed wetland projects. Adjacent or regiond land
uses may or may not be compatible with re-establishing a former wetland or with the gods of awetland
creation or enhancement. Typical land usesinclude urbanized lands (resdentid, industrid,
commercid), agriculture, grazing, mining, forest harvesting, streams, lakes, wetlands, non-harvested
forest, open grasdand, or park/recreationa open space.

Urban and industria areas may be sources of excess sediment and pollutants, such as oil and
heavy metals, that wash off paved areas into streams and wetlands. Agriculture is often a source of
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pesticides and fertilizers that may harm wetlands. These land uses may impair the hedth of newly
established wetlands. On the other hand, farms are cgpable of providing vauable adjacent upland
habitat if there are uncultivated buffer areas between the wetland and the fields. Congder not only
existing land uses, but aso future changes to the landscape such as encroaching development. Loca
zoning and planning documents from cities and counties can be examined to identify proposed
conservation areas and future development aress.
Two land use questions to address as you plan your project are:
. How might changesin land uses, roads, ditches, and other human-constructed features
have affected water qudity, surface water runoff, and drainage/ponding patterns?
. How might these changesin land use, and the presence of roads, buildings, and other human-
congtructed features affect your ability to restore, create, or enhance awetland?

For more information on watershed features, check the data available on your watershed at the
EPA website, http:/Amwww.epa.gov/surf. For another information source, check the USGS 7.5 minute
quadrangle maps for your area; these maps have many relevant landscape features. Also, Nationa
Wetlands Inventory (NWI) maps from the FWS for your region will show the location of some (but not
al) of thewetlands. Vigt their web ste at http:/Amww.nwi.fws.gov/.

Table1l. Whereto Find Information on Your Water shed/L andscape and Site
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Topographic Maps Loca USGS office or USGS s“Map Finder” at:
http://edowww.cr.usgs.gov/Webglig/glishin/finder_main.pldataset_name
=MAPS_LARGE or call 1-800-ASK-USGS; local map or sporting
goods stores.

Choosing the Project Site

Some people decide to do a wetland restoration project with a site aready in mind--one they
own or have aspecia interest in--but, for many people, site sdlection is part of the planning process.
All regtoration, creation, and enhancement projects must be carefully placed in the watershed to meet
hydrologic, soil, and biotic requirements. Site selection is a process of setting gods and then looking
for Steswith characteristics that will support achieving your gods. In the early stages of planning, you
may select one Site and then switch to another as your gods arerefined. The best approach to site
sectionisto beflexible.

The first place to start when looking for aproject Steisalocd, regiona, or date list of priority
wetland restoration Sites. By choosing a site from such asligt, you will be taking advantage of loca
wetland restoration expertise. The contacts listed in Appendix R-111, aswell asloca and state wetland
contacts, can help you find out if thereisalist of priority restoration Sites for your area. Taking to the
people who created the list can help you pick the site that best fits your goals and resources.

When there are anumber of potentia project Sites, you will need to evauate them carefully.
Hammer (1992) lists these Six factors to consider when choosing a restoration, creation, or
enhancement Ste:

. hydrology;

. topography and geology;
. oils,

. bictics,

. land ownership; and

. agency requirements.

Information on the first four factors may be provided when you conduct the
landscape/watershed evaluation described in the previous section. When choosing a project Site,
specifically consder how to achieve the necessary amount and duration of water for your wetland type.
Look for potentid locations with the hydrology, topography, and geology typica of the type of wetland
you want to restore. Look aso for the presence of wetland soils (hydric soils) or drained wetland soils,
which indicate places that would be appropriate for wetland restoration. Choosing asite that is closeto
an areawith native wetland species or finding a Site that dready has native species might aid natura
colonization of the ste. The best Stesare likely to be near wetlands smilar to your target type.

If you are buying a Ste, determining the ownership of a potentia project Steisacritica sep.
Find out if there are easements, liens, covenants, water-rights issues, or other aspects of the parcel that
may redtrict its use for your project. Agency requirements dso determine the suitability of aste for the
intended project. Find out from locd, state, and federd agencies what permits or authorizations may
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be necessary to undertake your project. For more information on this topic, see the section below,
“Government and Agency Requirements.”

Successful site selection produces locations that will support your wetland project goals. You
may need to revise your project goas to reflect the congtraints of current conditions if available sites do
not meet your origina purposes.

Know Your Project Site
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In addition to quditative information, collecting Ste-gpecific, quantitative (humerical) datais
often necessary to determine the causes and cures for wetland loss or degradation. Quantitetive Site
measurements may be required to obtain permits or to design the project. Collecting quantitative data
typicaly requires the help of loca experts familiar with conducting biologica assessments and wetland
delinestions, and who are knowledgesble about the local naturd communities. Severd quantitative
parameters that are often measured in the fidd include:

. exact eevations and topography of features,

. levels of soil nutrients, organic matter, and moisture;

. water flow rates and timing;

. location of wetland soils, wetland plants, and wetland hydrology; and
. diversty and cover of native and invasive or non-native plant species.

Y ou dso should look for site conditions that could limit the project godls. Modificationsto the
project design or maintenance plan may be needed to address problems such as:
. poor water qudity or lack of sufficient weter;
. locd pollutants;

. improper sun exposure for plantings;

. lack of native species nearby;

. invasive and non-native species on adjacent lands;

. herbivores that could decimate new plants (Canada geese, muskrats, etc.);

. human uses (of the site and adjacent Sites) that are incompatible with restoration;

. future land uses (in and around the Ste) that are incompatible with restoration; and
. presence of cultura resources.

As noted earlier, watershed conditions play amagjor role in achieving restoration, creation, or
enhancement goas. It isimportant to redize that it may be harder to reach your gods at an isolated Site
than at aSite located near or adjacent to comparable wetlands. 1solated habitats may be more
vulnerable to invasion by non-native species and are more difficult for native plants and animasto
colonize. However, some wetland types such as prairie potholes and verna pools are naturdly
separated from similar habitats. For these types of wetlands, it is appropriate to restore or creste them
where they typically occur in the landscgpe and in numberstypica to the watershed.

Setting Goals and Objectives

Asyou sdected the project Site and evauated its condition, you did so with ideas of what you
want to achieve. These goals, which are genera statements about the desired project results, reflect
your motivations for undertaking the project. Do you want to see your Ste support a diversity of native
plant and animal species? Areyou interested in improving the water quality inloca streams? Do you
hope to return the Ste to a condition you remember from years before? Examples of goals for wetland
restoration projects might include “repair damage to seagrass beds from boet traffic” or “restore the
native plant species and seasond water cycle to adrained prairie pothole.”

Gods provide an overal framework. The next step isto develop obj ectives that provide
specific targets focused on hydrology, soils, topography, and/or biologica factors that must be changed
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on the project site to establish or restore awetland. For the god “restore the natural hydrology and
vegetation of a degraded Atlantic coast sdt marsh” the following objectives would be appropriate:
. Restore the naturd tidd regime;

. Ensure the mudflat is returned to aleve appropriate for vegetation;

. Re-establish dominance of the native plant community, eg., Spartina and Salicornia species;
and

. Limit the presence of non-native or invasive plant species.

Progressis determined by measuring performance standards or tar get criteria that are linked
to each objective. Target criteria often include a numerical end-point and atime line to reach that end-
point. For example, the objective “ Restore the natura tidal regime’ might be linked to this target
criterion: “Remove enough of the dike so that within one year thetidd range upstream of the dike is
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BOX 4: West Eugene Wetlands Project Targets Rar e Species Habitat

The Lane-Metro Y outh Corps of Eugene, Oregon, undertook a 9-month wetland restoration project
in the West Eugene Greenway, which is managed by the Army Corps of Engineers. The god of the
project was to complete work in endangered and threatened species habitat that would lead to
natura re-colonization by the native species. The specific measurable target criteria to be achieved
in nine-months included:

. Enhance and restore 5 acres of habitat to provide for the surviva and reproduction of
Bradshaw’ s lomatium and Willamette Vdley dases.

. Collect seeds from 40 acres of native wetlands.

. Congtruct 11 accessory water channels to enhance site hydrology to support rare daisies.

. Plant native species dong 5,000 feet of levees to provide a diverse native plant community.
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Using Reference Sites

How do restoration specidists determine what kind of hydrology, soil conditions, or specific
organisms to establish at aproject Ste? A standard method for setting restoration targetsis to base
them on the conditions of the wetland that existed on the Site before it was dtered. |f hydrology, soil,
and biotic data on the pre-damaged condition of the wetland are complete enough, this information can
be used to st standards for partiadly or completely re-establishing the pre-disturbance conditions.
Information collected from aerid photos and historica maps may show the former extent of vegetation
and/or hydrology. Data from sources such as loca water digtricts, universties, and citizens, may dso
provide the detail needed.

However, in most cases, there is not enough detailed background information on plant species
and cover, animal species and abundance, soil conditions, or hydrology to set target criteria. Because
higtoricd information is often missing, most retorationists depend on loca “r efer ence sites,” which
are gtes that represent the least disturbed wetlands of the target type in the area. The ecological
conditions a reference sites are usudly indicative of the natural communities that can be supported
under current conditions. Even if we wanted to restore to a“pristing’ ecosystem such as the Europeans
first saw when they arrived in North America, changes to land uses, water sources, or other aspects of
the surrounding landscape in the last 300 years usudly make it difficult or impossble to restore a
wetland to its pre-disturbance ecologica condition (see Box 5). Reference sites provide ingght into
what is possible now.

BOX 5: Restoration in “The Meadowlands’ of Northern New Jer sey

A good example of dtered regiond hydrology and its effect on wetland restoration exists in northern
New Jersey in “The Meadowlands.” In colonid times, this area was an Atlantic white cedar svamp,
but today the cedars are gone, replaced by fill, roads, buildings, some brackish marsh, and atall reed
known as Phragmites. There are numerous wetland restoration projects in The Meadowlands, but
none of them have as their god restoration of awhite cedar sivamp. In addition to al the other
landscape changes, a dam on the Hackensack River has made the areatoo sdty for cedars.

Instead, wetland restoration efforts are focusing on establishing brackish water marsh, which is much
more gppropriate given the current regiona ecologica and hydrologica conditions.

To collect reference Ste data, examine the least dtered nearby wetlands that are in the same
landscape position as your site (e.g., dong ariver, in an isolated depression) and appear to be smilar to
the pre-disturbance condition of the degraded wetland, if known. Y ou may have aready collected
some information on similar wetlands when you were learning about the local watershed. Try to identify
several reference wetlands, because wetlands of the same type can vary consderably in their
characterigtics. Looking at multiple wetlands of the type you hope to establish can help you understand
the naturd range of variation of the wetland type. Be sure you have the landowner’s permission to
enter any property you examine.
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Restorationists dso look for data on different phases of recovery to understand how the system
will change over time. Some dates are currently developing sets of data from reference wetlands.
Contact your state water quality agency or department of natura resourcesto find out if your Sateis
gathering information on reference wetlands. The wetlands divison of your regiona EPA office may
aso have information on reference Stes. Look also for other retoration, cregtion, or enhancement
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. What changes might restore hydrology and the correct relationship between soil and water
levels?

. What design dements should be included to restore the typica hydrologica regime and dlow
for extreme events?

. What soft engineering or bioengineering methods are available to rectify the problems?

. What factors might congrain retoring full hydrologica functioning?

. What are likely reasons that the Ste might fall to reach its hydrologica gods?

. What potentia remediation or correction measures are available?

. Arethe project gods reasonable, feasble, and likdly to result in establishing the maximum
ecologica functioning possible for the Ste?

. What parameters should be monitored? How often should they be monitored and for how
long?

Ask about Water Qudlity:

. Arethere indications of pollution? What are the likely sources?

. What water qudity tests are necessary?

. What are the best methods for testing water qudity (field kits, lab testing)?
. What methods are available for fixing pollution problems?

. Arethe project gods reasonable, feasble, and likdly to result in establishing the maximum
ecologica functioning possible for the Ste?

. What parameters should be monitored? How often should they be monitored and for how
long?

Ask about Wetland Soils and Substrates:

. Where can basdine information about local soils be found?

. Where can reference wetlands be found in the watershed or nearby watersheds?

. What are the typica characterigtics of subgiratesin the wetland of interest? Levels of organic
matter, nutrients, soil moisture? Particle sizes and soil structure?

. Are there impervious soil layers contributing to the wetland dynamics?

. What soil parameters should be sampled to characterize the site?

. What are typicd subgtrate eevations and microtopographic features of this wetland type
(indluding channdls, idands, and mounding)?

. If toxic soils are found, can they be removed or remediated?

. Wha methods are available to bring the soil conditions and subgirate devation in line with
observations from reatively undisturbed wetlands?

. What bioengineering or soft engineering implementation methods are available?

. Arethe project gods reasonable, feasble, and likely to result in establishing the maximum
ecologica functioning possible for the Ste?

. What soil and elevation parameters should be monitored? How often should they be monitored
and for how long?
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Ask about Wetland Plant Communities;

What native plant species are found in pioneer and mature stages of the target wetland type?
What are the dominant and rare species?

What specid dtatus, threatened, or endangered species are found in the target wetland type?
What natural disturbances are typicd of this wetland type?

On the potentid restoration Site, what plant species are present, including specid status and
listed species, non-native invasves, and species native to the target wetland?

What soil and hydrolgica conditions on the potentia restoration Site would congtrain
egtablishing the native community? How should these conditions be changed?

How should the site be prepared (adding soil amendments, removing non-natives, etc.) for
edablishing native plants?

Wha methods are available for diminating the most damaging non-native species?

Isit likely that native species will colonize the Site quickly? If not, what methods should be used
to establish native plants?

What are the threets to newly established plants (herbivores, flooding, intense sun, etc.) and
how should they be combated?

Arethe project gods reasonable, feasible, and likely to result in establishing the maximum
ecologicd functioning possible for the Ste?

What plant and plant community parameters should be monitored? How often should they be
monitored and for how long?

Ask about Wetland Anima Communities;

What native animal species are found in pioneer and mature stages of the target wetland type?
What are the dominant and rare species?

What specid datus, threatened, or endangered animal species are found in the target wetland
type?

What naturd disturbances affect animal speciesin this wetland type?

On the potentia restoration site, what anima species are present, including specia status and
listed species, non-native invasves, and species native to the target wetland?

What soil, hydrolgica and plant community conditions on the potentia restoration site would
congrain establishing the native community? How should these conditions be changed?

What habitat conditionswill attract the typica animal species and what specific habitat festures
can be added to attract specific valuable and/or rare species?

Wha methods are available for diminating the damaging non-native species?

Isit likely that native species will colonize the Site quickly? If not, what can be done?

What are the threats to newly established anima populations on the site (predators, flooding,
pollution, human impacts, etc.) and how should they be managed?

Arethe project gods reasonable, feasible, and likdly to result in establishing the maximum
ecologicd functioning possible for the Ste?

What parameters should be monitored? How often should they be monitored and for how

long?
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Using Adaptive Management

Natural ecosystems are complex. Even if you start out with detailed information about a Site,
the way it responds to changes can be unpredictable. Unforseen events may occur, such asa
unexpected plant species colonizing the Ste, or new information may become available, such asthe
presence of anaturd soring on the site. These unforseen eements may be beneficid or detrimenta to
the project. In either case, you will need to make decisions about how to adapt your project to
account for the new eemen.

Adaptive management is a technique thet involves incorporating new information into al stages
of awetland project. Using adaptive management means you continuoudy evauate your project in light
of new information, generating ideas and making decisions about how to further refine the project. This
process aso can be thought of as a“feedback loop” in which information about what is happening with
your project currently helps you determine how best to go forward with the next step of project.
Monitoring (covered in detail in Part 6) provides the information, you and/or your project team provide
the decisons. Adaptive management is arepesated process that should be gpplied through the lifetime
of the project.
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Heritage" or rare species programs that can tell you whether there are plants and animals protected by
date or federd regulations on or near your Ste. Alternatively, you can contact sate fish and wildlife
agencies and/or local offices of the FWS and NMFS for information. See Resource Appendix R-11 for
contact information. In addition, you should talk to your city and county planning offices about loca
requirements or permits for your project.

Be sure to avoid or minimize adverse environmenta impacts that may result from wetland
project congtruction activities. For example, earth moving, which can be a part of more complex
projects, can cause erosion, increases in particulate matter in the air, and potentia disturbance to locdly
nesting bird species. Avoid impacts by following the requirements of regulating agencies and by
implementing the Best Management Practices (BMPs) recommended by the agencies and local
municipdities BMPsto limit eroson may include using st fences and hay baesto capture git,
avoiding work during rainy periods, and/or capturing runoff in a holding pond.

Socioeconomic Factors. For many projects, restoration potentid is restricted by societal
factors. Some of these include availability of funds, volunteer resources, local landowner concerns,
community support, and lega issues (such as water rights). The relevant societd issues must be
consdered in your project design and implementation, with the hope that someday in the future some of
the limitations to a more complete restoration may be removed.

A magor limiting factor is, of course, money. Some projects are relatively inexpensive, but
others can be mgor financiad undertakings. Typicdly, the more engineering that is needed, the more
expengve your project will be. To hep finance your project, begin with the list of funding sourcesin
Resource Appendix R-11. Other sources of money or information on funding are:

. locd cities or counties,

. sate programs, especidly through parks and recreation, wildlife, or other resource
agencies, and
. local corporations, some of which have philanthropy programs for loca projects.
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BOX 6: Wetland Enhancement in Mar shy Hope Creek, Maryland

On Maryland' s eastern shore, Marshy Hope Creek winds its way to the Chesapeake Bay. Along
mogt of its reachesit is a meandering stream with lush riparian vegetation. However, whereit flows
through the town of Fredericksburg, the Creek was straightened and channdlized with levees. Much
of the vegetation was removed and the historical floodplain had been filled. The levees containing the
modified portion of the Creek prevented flooding of adjacent properties and loca landowners did
not want these embankments to be removed. The Maryland Department of Natural Resources
(DNR) worked with the town to develop a plan that enhanced the Creek’ s ecologica vaues while
leaving the leveesin place. DNR removed fill from the floodplain and crested channels through the
levee that alowed river water to flow to newly sculpted depressions on the floodplain. The channds
aso connected the river with existing deep ponds adjacent to the floodplain that were remnants of
former mining operations. Soil excavated from the floodplain was used to fill part of the mining
ponds to cregate shallow water habitat for fish. Native vegetation recolonized the floodplain and fish
quickly began to use the channds and ponds. Although tota restoration was not possible, enhancing
the conditions adjacent to Marshy Hope Creek increased overal wetland vaues of the area.

Choose the Simple Approach

Y ou now have a better idea of what your site conditions are like and what you want to achieve.
What, then, will need to be done for your Ste to meet its restoration, creation, or enhancement goas?
This question links goas with implementation. Methods for implementing projects are very diverse and
should be developed with as much ecological, hydrological, and/or soils expertise as you can muster.
In generd, the best gpproach isto use the smplest methods possible, because the more complex a
wetland project is, the greater the chance that something could go wrong. Implementation should be
achieved through the least destructive means and the most ecologically sound solutions. Passive
methods should be considered before more active interventions.

If natural processes cannot be initiated with passive methods, then implementation should focus
on bioengineering or Soft engineering solutions over traditiona hard engineering solutions. Soft or
bi cengineering methods are based on working with natural processes. This gpproach is an dternative
to the traditiona, hard engineering solutions that often replace ecosystem functions with
human-designed structures. For example, hard engineering solutions to controlling eroson dong a
stream bank such asrip rap or cementing the stream banks destroy natural wetland processes. Soft
engineering uses physica solutions that reingtate ecologica processes and alow the systemn to become
as sef-sugtaining as possible. In addition to being ecologicaly preferable, bioengineering methods are
often more economica than traditiona techniques. Some researchers have found that hard engineering
for eroson control can cost up to four times as much as soft engineering methods. Examples of soft
engineering solutions to stream bank eroson include:
. planting native vegetation, especidly fast growing oecies such as willows,
. shoring the banks with logs that will decompose in time; or
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. gabilizing the bank with “geotextile materids’ that do not decompose, but are covered with soil
and dlow root growth through the materid.

Table 2 contains some of the most common and obvious examples of wetland damage and
typica corrective measures. The table aso lists some cautions. If the damage is severe or has been
present for along time, reversing the damage may not be assmple asit initidly seemed. Some of these
corrective measures are dso gpplicable to implementing enhancement or creetion projects. Technicd
Appendix T-111 contains additiona information on typica measures for restoring, creating, or enhancing
wetlands.
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Table2. Common Wetland Problemsand Corrective M ethods

Wetland Damage

Reason for Damage

Suggested
Correction

Condderations

Hydrology

Water Quality
Impairment

Excess sediment or
nutrients in runoff from
adjacent area

Work to change
locd land use
practices; ingtall
vegetated buffers/
swaes/constructed
treatment wetlands,
indal sediment
traps.

vegetaz2(H
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Prepare for Implementation

After determining what Site changes are necessary, prepare to implement the changes by
developing project designs such asfield protocols or congtruction plans and specifications. Protocols
are written guiddines for field crews on how to undertake the work. They should be as specific as
possible, but in easy-to-understand language, especidly if volunteers will be doing the work. Even with
protocols, volunteers will need direction in the fidd.

Most projects will need some level of documentation to direct implementation; more complex
projects will probably need congtruction plans. Good designsinclude at least these dements:

. specifications/diagrams for dl ingtalation/congtruction features,
. descriptions of Ste preparation needed;

. descriptions of how to ingtall features, such as plants, etc.;

. plansto prevent construction impacts, such as eroson;

. lists of plant species, numbers of each to be planted, and planting locations;
. plansfor site maintenance; and

. monitoring features, such as groundwater wells, saff gauges, or boardwalks.

The design of restoration, creetion, or enhancement projects can be highly technica and may
require hydrologists, ecologists, geotechnical experts, engineers, and/or landscape architects.
Congtruction documents are usualy prepared by engineers for use by contractorsin the field for
congtructing aproject. If condtruction documents are necessary, take the time to find engineering and
condruction firms that are flexible and willing to undertake non-traditional designs and soft engineering
methods. Try to find firms that have done wetland restoration work in the past. Tak to their former
clientsto see what their work was like. Be sure your ecologica advisors work with the engineersto
produce plans that accuratdly reflect the methods you want used for the project. During construction,
have the work inspected by your ecologica expertsto be sure that the plans are being followed
accuraely.

Publicize Your Project

30



BOX 7: Stepsin the Planning Process

. Collect past and present information on the local watershed.

. Choose a project Site.

. Collect past and present information on the project Ste.

. Collect data on reference Sites.

. Develop objectives and target criteria based on watershed, project site, and reference
gteinformation.

. Tak to the agencies about gppropriate regulations. Tak to adjacent landowners and
identify important socid or economic factors that could affect the restoration.
. Refine god's and objectives.

. Decide on methods for implementing changes designed to rectify damage and meet
planning goa's and objectives.

. Prepare designs, such as protocols or construction documents, to direct
implementation.

. Publicize your project.

PART 5. IMPLEMENTATION

Stages of Implementation

Implementation is the physica process of actually doing the restoration, cregtion, or
enhancement project according to the desgn developed in the planning stage. This phase of the
restoration process is popular with volunteers and it is the most visible phase to the public.
Implementation may require a series of steps depending on the wetland type, your project goas and
objectives, and the extent of the degradation. Stepsin implementation typically include Site preparation,
plant preparation, ingalation, maintenance, and continuous adaptive management.

Site Preparation. During Site preparation, the project Site is dtered ether to alow natural
processes to operate or to prepare it for additiona human intervention. Common activitiesin this stage
are

. removing non-native species (See Box 6);

. removing piles of soil, debrisand trash;

. amending soil with nutrients or other enhancements;

. removing polluted soils

. bringing in appropriate soils or substrates,

. plugging or removing drains;

. fencing out cattle or other herbivores,

. breaching levees, and

. mowing or burning the Site to reingtate the natura disturbance regime.
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Plant Preparation. For many restoration projects you can rely on natural re-vegetation to re-
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Discuss your project with the volunteer coordinator for a local nonprofit group to determine
any issues that may arise from using volunteers. While volunteers can be great additions to a project,
weigh the benefits againgt these potentid complications:
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. collecting and testing water samples periodically to evauate changes in water qudlty;

. collecting a representative sample of sediment cores to test for organic matter and other soil
characterigtics,

. surveying surface eevations at permanent transects once ayesr;

. recording plant species and cover by species dong randomly established transects across the
gte and

. Setting traps for smal mammals at randomized locations to determine species diversity and
abundance.

Quantitative monitoring is often carried out by expertsin hydrology, soils, or biota. However,
volunteers may be used to collect numericd dataif they are supervised by an advisor who knowsthe
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a0 beginning wetland monitoring projects. Check out the EPA webdte for information on volunteer
monitoring at http://Aww.epa.gov/OWOW/wetlandsiwqua .html#V ol unteer.

How Long Should | Monitor?

Like most ecosystems, wetlands change over many years. Thisis especidly true for restored,
created, or enhanced wetlands that may take decades to reach a condition close to that of a mature,
naturaly-occurring wetland. Research on wetlands created from dredged materia in the Gulf of
Mexico suggests that these wetlands are still changing and maturing 20 years after they were created.
Consider monitoring to be along-term activity, not just something you do for thefirst year or two. At a
minimum, a ste should be monitored until it meets dl performance standards, which can take from
severd yearsto decades. Future managers of wetlands will thank you for monitoring for aslong asyou
can. Even dfter it reaches maturity, your wetland will be a dynamic system that varies over time.

BOX 10: Monitoringin Mountain View, California

The Stevens Creek Tidd Marsh restoration project in the City of Mountain View isa

compensatory mitigation site with the primary god of providing vegetated tida marsh habitat for

rare species such as the sat marsh harvest mouse. The site began as a deep pit with ponded water.

Project objectivesincluded restoring tidal influence, building up the mudflat, and establishing native

tidal sdt marsh vegetation. Target criteriaincluded:

. Re-egtablish tidd influence.

. Within 3 years, develop mudflat on 50 percent of the Ste a an elevation available to
vegetation.

. Restore native sat marsh vegetation on 50 percent of the Site within 5 years.

To assess progress, the City monitored the following parameters once a year:

. Amount of tidal exchange: measurements were taken by an automatic tide gauge and
interpreted by a hydrologist.

. Elevation of the mudflat: measurements were taken by aqudified surveyor.

. Amount of vegetation on the mudflat: measurements were taken on the ground using
transects and taken from aerid photographs, then interpreted by an ecologist.

. Extent of channel formationt measurements were taken from agrid photographs and
interpreted by a hydrologist.

These quantitative methods were supplemented by quditative observations on tidd flow, non-native

What Should I Do With the Monitoring Information?
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Monitoring information can be used in severd ways. Firs, monitoring data are essentid for
determining whether your project goas are being met. Organize, summarize, and graph (if possible) the
monitoring data at least annudly to show how the restoration Ste is developing. Monitoring information
should be compared to the target standards to assess whether the site is developing as planned. If itis
not, determine whether remediad measures should be taken or whether the origind gods should be
reeva uated (see section above on adaptive management).

Second, monitoring data can be used to determine whether the target criteria were good
measures of the project goa's you hoped to achieve. If you were to do this again, would you do
anything differently? Third, use long-term monitoring to assst in maintaining structures and managing
the site to keep it functioning well. See Part 7 for more on long-term managemen.

Findly, use your monitoring data to inform others. Provide copies of your findings to your loca
planning and wetland regulatory authority, and the local offices of the Corps, EPA, FWS, NMFS, or
NRCS. Present your work to loca groups and ecological societies or at professona meetings of the
Society of Wetland Scientists, Society for Ecological Restoration, and others (see Appendices for
contact information). Write an article for the loca newspaper or ajournd, such as Ecological
Restoration, which publishes reports from landowners, community groups, and restoration
practitioners. All too often, years of irreplaceable data are lost if they are not shared, archived, or
published. Don't assume no one isinterested in your project; every wetland restoration, creation, and
enhancement project that is monitored provides wetland scientists and restorationists with additional
knowledge about how wetlands function and develop over time. With this additiona information,
scientists, policy-makers, and landowners can make better decisions about wetland conservation,
including the use of wetland restoration, creetion, and enhancement.

BOX 11: Stepsin the Monitoring Process

. Sdlect the parameters you will monitor based on the target criteria established in the planning
dage. Include observationsto asss in Ste maintenance.

. Develop procedures for qualitative and quantitative monitoring methods.

. Collect data at intervals that will provide information necessary to monitor the progress of the
dterdative to the target criteria

. If monitoring shows that Ste conditions are not meeting target criteria, use an adaptive
process to identify corrective measures.

. Continue long-term monitoring and maintenance to ensure that the Ste continues to provide
the maximum ecologicd vadue.

. Provide your monitoring data and results to locd groups and publish in newdetters.

PART 7. LONG-TERM MANAGEMENT
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In addition to providing data on whether aSteis developing in away that will achieve the project
goas, monitoring is essentid for the long-term management of wetland projects. A wetland isan
ecosystem that evolves and changesin response to the surrounding environment. It isnot redidic to
expect that when the implementation stage is complete, the work isdone.  Long-term management is
often required to keep the Site functioning asit was designed to function and to keep human impacts to
aminimum. For example, long-term management is often needed to:

* mantan exigting structures such as berms, water control structures, or levees,

*  maintain aspecific desrable plant community by burning, mowing, or otherwise managing the
vegetation on a periodic bass,

* address problems such as invasive species or excessive sediment deposition; or

» address unexpected events such as structurd failure,

Adaptive Management, introduced in Part 4 as an iterative process of monitoring conditions and
then taking appropriate action, should be an integrd part of long-term management and stewardship of
your ste. If your Steis not developing as anticipated, there are two basic options. make changes to the
dtetotry to get it “back on track,” or dlow the Ste to continue developing in the new direction. Which
option to pick should be decided in consultation with your loca experts.

Consider whether current progress at the Site might achieve your overdl godsin a different way
than you origindly intended. Also consder whether any deviation from the expected development is
within the ecologica norms for that wetland type and the region. Since naturd systems are varigble,
gtes may diverge from objectives, but this difference may not require sgnificant changes to the site.

For example, your Site may be developing a native wetland community, but one that is different from
what was expected. If this new community iswithin the norms of the wetland type and the watershed,
it may not be necessary to changeit.

If, however, your Steis growing acrop of invasve or non-native species or otherwise faling far
short of restoration objectives, then corrective action is probably necessary. Significant correctionsto a
dte are caled remedid measures. Work with loca experts or your technica team to determine the

optwhetyhe ste mi diffrge g farm obitexpected. art lod that wae Sedinotsns.7 Tw ecyb0.3996, 0.39sdia exphdiaurrent ¢
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Box 12 - Adaptive Management in Commencement Bay, Washington

The Middle Waterway Shore Restoration project is an attempt to re-establish some of the salt
marsh that once covered thousands of acres of Commencement Bay. In a cooperative effort,
federd, Sate, tribal, and private interests planned and implemented a restoration project that
included re-grading fill materid to intertidal devations and planting salt marsh plants sdvaged from
the same area, aswell as some provided by anursery. One year after project implementation,
monitoring showed that few of the plants had survived. A review of the planting procedures
pointed to a number of possble causesfor the low plant survivd, including soil that was too sandy,
nursery plants that weren't from the loca area, and planting during the summer. The god of the
project (increasing the acreage of fringing marsh) could not be achieved without better plant
growth, so a decision was made to replace some of the soil and re-plant. The top eighteen inches
of the sandy fill was replaced with topsoil. A local nursery collected seeds from plantsin the local
area and grew them into seedlings, which were planted on the Site in the spring. A yeer after this
new planting, sat grass, seaside plantain, seaside arrowgrass, and other species were thriving.
Monitoring will continue in case other remedid actions are needed, but for now the project seems
to be on the right track.

Long-term management often is needed to compensate for changes in the surrounding landscepe.
In many cases, the surrounding land use, hydrology, or other features of the loca watershed will change
over time, possbly affecting your wetland ste. Idedlly, those changes were a least partidly anticipated,
and your site was designed to withstand or adapt to their effects. If something unanticipated happens,
such as a substantia reduction of the water source or conversion of what had been an adjacent park
area to development, you will need to reeva uate how your wetland site fits into the changed landscape,
and whether the god's or management of the Site will need to change. The overdl god of long-term
management is awetland that provides a maximum amount of wetland function and vaue within the
context of the landscape and that requires a minimum amount of intervention by humans.

Findly, aplan for long-term management is needed to identify who will be responsible for the ste
and what kinds of activities should or should not occur there. The responsible party may be you, the
landowner, or some combination of people. One approach to long-term management of arestoration
dteisto establish a gewardship program for the site. Loca schools, scout groups, or citizen
conservation groups may be willing to “adopt” the Site and provide the kind of observation, care taking,
and even remedid action that would be difficult for one person to provide. The kinds of activities you
need to think about are recreational (do you want to allow hikers, campers, bird-watchers, or hunters
on the property?) and possibly commercid (does the landowner want to dlow grazing or tree-cutting
on the property?). The answers to these questions should be included in along-term management plan.

Long-term legal protection of awetland Ste is aso an important consderation. Do you want to
take steps to ensure the wetland restoration will be permanently protected? One way might be to place
adeed redtriction on the Site or establish a conservation easement. These arrangements should
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effectively restrict harmful activities that might otherwise jeopardize achieving the gods of the wetland
project. When needed, the acquisition and protection of water rights should be secured. One of the
best ways to secure long-term protection is to donate or sell the land to alocal, state, or federal natural
resource agency or anon-profit organization such asaland trust.
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PART 8. PUTTING IT ALL TOGETHER

Words to the Wise
While restoration, creation, or enhancement projects can be complex and time-consuming, most

restorationists find their projects are very rewarding. As you undertake a project, keep in mind the

following points

« Be patient. Restoration isaprocess, not aproduct. Restoration is a cregtive activity and thereis
no cookbook for it.

« Talk to many people. There are many elements and phases to wetland projects and many
different views on how to accomplish them. Tak to arange of people to collect as much
information as possible and to get different perspectives on the process.

« Beflexible. Your ideasand gods may be clear a the outset, but for many reasons it may be best
to change some, add some, and throw others out. Asyou go through the process, be flexible but
keep your godsin mind.

« Take your time. Try not to rush the process. Get the technica help you need. Get the permits
required. Develop acommunity support base, if necessary.

« Plan well. A well-consdered and thorough plan will guide you through the project as directly as
possible. A good plan will result in reasonable, measurable, and ecologicaly beneficia gods. A
good plan will help you get money and help.

» Let reference sites be your guide. Reference Stes are vaduable modes of what ecological
conditions are achievable.

» Use low impact implementation methods. Use soft engineering and passve methods whenever
possble. Congder theimpact the project construction will have and minimize those impacts.

« Monitor and manage your site. Restoration does not end after the plants and structures are
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A Wetland Restoration/Creation/Enhancement Checklist
Use this checkligt to help guide you through the wetland project process.

O Tdk tolocd wetland experts. Vist loca wetland restoration, crestion, or enhancement Sites as
well asrdatively undisturbed wetlands.

O Ask about getting help through programs that support wetland restoration with cost-sharing and
technica assstance.

O Get to know the loca landscape and watershed characterigtics.

O Givefirg priority to restoring degraded wetlands.

O Setgods. Pick agtethat ismost gppropriate for achieving your goals.
O



RESOURCE APPENDICES
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APPENDI X R-I: BIBLIOGRAPHY
Below is a list of sources of information on wetlands and wetland restoration. It is not a
comprehensive list, just a way to introduce you to the wealth of information available.

ONLINE BIBLIOGRAPHIC RESOURCES:

« http://www.npwrc.usgs.gov/resource/literatr/wetresto/wetresto.htm - A searchable wetland
restoration bibliography with over 3,000 entries, developed by the Northern Prairie Science Center
and the Midcontinent Ecologica Science Center.

« http://lwww.wetlands.agro.nl/wetl_publications.html - A 1996 compilation of over 1,000
wetland restoration and creation literature references is available for download from Wetlands

Internationa and the Association of State Wetland Managers.

« http://www.nwrc.gov/library_catalog.html - National Wetlands Research Center's Library
(11,000 documents)

ANNOTATED BIBLIOGRAPHIES

Pinit, T.P. and R.J. Belmer. 2000. Habitat Restoration - Monitoring Toward Success. a Sdlective
c Tf 0.007tionpp.ationa a35d the As35d Bellmer. 20Erwin, K.LIum -O.lumAmorandum NCPdT31 0.3 Tc Cavalil
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4.
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Deepwater Habitats of the United States. U.S. Fish and Wildlife Service, Washington, D.C., USA.
FWS/OBS-79/31.

Hammer, D.A. 1992. Cregting Freshwater Wetlands. Lewis Publishers, Ann Arbor, Michigan.
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Kentula, M.E. 1996. Wetland restoration and creation, p. 87-92. In The Nationa Water Summary
on Wetland Resources. J.D. Fretwdl, J.S. Williams, and P.J. Redman, compilers. Water-Supply
Paper 2425. U.S. Geologica Survey, Washington, D.C.

Kuder, JA. and M.E. Kentula. 1990. Wetland Creation and Restoration: The Status of the Science.
Idand Press, Washington, D.C.

MacDonad, K. B. and F. Weinmann, eds. 1997. Wetland and Riparian Restoration: Taking a
Broader View (contributed papers and selected abstracts). Society for Ecologica Restoration
International Conference, September 14-16, 1995. Sesttle, Washington.

Mitsch, W.J. and J.G. Gossdlink. 1999. Wetlands (third edition). John Wiley and Sons, Inc. New
York, New York.

Nationad Research Council. 1992. Restoration of Aquatic Ecosystems.  Science, Technology, and
Public Policy. National Academy Press, Washington, D.C.

National Research Council. 1995. Wetlands, Characteristics and Boundaries. Nationa Research
Council. National Academy Press, Washington, D.C.

Niering, W.A. 1984. Wetlands. The Audubon Society Nature Guides. Alfred A. Knopf, New Y ork,
New York.

Schndler-McDondd, K., Ischinger, L.S., and G.T. Auble. 1990. Wetland Cresation and Restoration:
Description and Summary of the Literature. U.S. Fish and Wildlife Service Biologica Report 90(3).
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Inventory, Newton Corner, Massachusetts.

Thayer, G.W., ed. 1992. Restoring the Nation's Marine Environment. Maryland Sea Grant College,
College Park, Maryland.

USEPA, 2000. Principles for the Ecological Restoration of Aquatic Resources. EPA841-F-00-003.
Office of Water (4501F), United States Environmenta Protection Agency, Washington, DC. 4pp.
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