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Wetland restoranion has been variously defined,
bur it is most often considered the process, or the
result, of returning eicher a former wetland (now
a nonwetland) ro a functioning wetland of some
tvpe or a degraded, contaminated, or functionally
impaired wetland to its prealtered condition, A re-
stored werland in the former case may or may not
be simuilar to the “original” wetland type, but the
net result 15 an increase or gain in wetland acreage.
The other type of restoration seeks to reconstruct
the wetland type that existed prior to disturbance,
with no net increase in wetland acreage. This latter
process may be better termed wetland rehabilica-
tion, where 2 damaged system is restored to nor-
mal, Rehabilitation could include eradication of ex-
otc and/or pest species. Wetland restoration does
not mclude changing the condition of an existing
unaltered wetland to improve or strengthen one
or more functions. This action is called wetland
enhancement and it usually changes the wetland
type for the benefit of a partcular function, e
convertng a wet meadow to a marsh-pond com-
plex to tmprove waterfoswl habitat, With more than
half of the wetands i the coternunous United
States destroved, largely chrough agricultural con-
version and hyvdrologie alteration, there are many
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opportunities for wetland restoration in the lower
45 states. Wetland creation is the process of con-
strucring a wetland in an upland (nonwetland) area.
To buld 2 wetland where one never existed re-
guires creating hydrologie conditions thar promote
the establishiment and successful reproduction of
hvdrophyres, the development of hvdric soils, and
the performance of desired wetland functions (e.g.,
flood storage, shoreline stabilization, pollution
abatement, and weeland saildlife habicat), In some
cases, wetlands have been unintentionally created
by seepage from impoundments, clevated local wa-
ter tables from irrigation projects, restricted drain-
age from undersized culverts or lack of sufficient
culverts along roads, or other altered drainage pat-
terns that make a siee wetter chan it was prior o

the activiey.

I. INTRODUCTION

Wetlands are permanently fooded shallow water
arcas or periodically Aooded or saturated lands.
They range trom margins of lakes and ponds and
lands Aoaded by the rides (o arcas that are scasonally
saturated for extended periods near the sail surface
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b oSt years, Clommon Ly pes iclude salt murshes,
pungreve swanps, tdal Hats, mland miarshes, wet
meadows, prairic potheles, playas, [ens, shrub
sanps, bows, POCOSITS, woaded swanps, certain
hotteoniland hardwood foreses, muskegs, and shal-
loswe ponads. Wietlands are now considered amuong
the world's most valuable natural resources, pro=
viding a wealth of bencfits 1o sociery, cssentally
free of charge. These values include fish and shell-
fish production, wildlife habirat for valued species,
temporary Hood water storage, shoreline stalaliza-
tion, water quality renovation, and water-based
recreational opportunitivs. Despite these and other
valuable functions, wetlands have been viewed by
many cultires as wastelands whose lnghest purposc
could only be attained through conversion to other
uses, such as filling for commercial and residential
real estate and dranage for cropland or silviculrure.
As a result of this attitude, many wetlands have
heen destroyed or sigmificantly degraded in the
United States and elsewhere. In the COLEFMIN oS
United States alone, over half of the wetlands that
existed prior to European colonization have disap-
peared. Most of these lost wetlands were cither
converted to agricultural land (Fig. 1) or destroyed
through hydrologic alteration {r.g., channeliza-

Lion/dramage projects and repulated river flows).
while filling and dredging were major causes of
coastal  wetlind  destruction. [See  WETLANDS
Eoonoey. |

Public opinion m the United States toward wer-
Lands began changing in the 1960s and 19705, due
largely to scientilic reports of wetland funcoons

aod values and of increasing losses and threats 1o
patural werlands, This led some states to enact laws
tor protect coastal wetlands amd later, mland wet=
lands to varving degrees. The federal government
also strengthened aes role in wetland protection
through the Clean Water Act. These laws and cor-
responding regulanons usually require that persons
secking o alter wetlands first obtain permission
or a permit {from the applicable regulatory agency
{e.g., Corps of Engmeers or SEate wetland agency)
priar (0 COMIMETLEnT work, This gives the govern-
ment an opportunity to consider and evaluate the
potential environmental impact of the proposed
work, with the ntent of avoiding ar ninimizing
wetland loss or degradation. In obtaining a pETInit,
the permittee may be required to restore or Create
wetlands to lessen the environmental impact of the
project. This compensatory requirement is usually
the last step in a sequennial 1mpact minimization

FIGURE | Millions of acres of Gormer wetlands bave heen comverted o crophod like this forier
batrotband Bardwood swang w the lowes Wsgsissippi eer valley o nuany cases. povernmeit=

aprtpgorcd Aood coemtrelfchinmelizaton pregects lave acecierated such conversions
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Prrocess wcilled Tnucigation. i ]dq_‘:l”‘_,f. analternatives
analysis should nucally be pertormed oo esciblish
that the purpose of 3 project can only be mer by
.'1|tl.‘t’||1!>, thie weerhand ar ol p:'upn.an;_':_l site, Then; the
tmpact of the project an wetlaneds ac the sice shonld
e nemannized o the exeent necessary to reasonably
satisty the project’s mtended  goal. Finally, un-
avordible wetland  losses resulting from project
construction should be compensared for by woetland
restoration, creation, orother measares. Thus, reg-
laticns developed in accordanee with various envi-
rommental fows serve as amajor catalyse for wee-

Land rescoranon and creation,

Il. WHY RESTORE AND
CREATE WETLANDS?

Wetland rescoranion and creation projects offer op-
portunities o maintain and improve the status of
wetlands and their funcoions. These cfforts may,
i some way, help offser the cumulative funceional
losses resulting from past welland alterations. The
major reasons for wetland restoration and creation
are (1) to compensate for the impacr of proposed
wetland alteration permitted through the regula-
tory process, (2) to repair damaged systems, and
(3) to increase wetland acreage above current levels
for the purpose of gaining wetland functions that
benefit society. The LS. federal government and
some states have adopeed an environmental policy
of “no ner loss™ of wetlands. Wetland restoration
and creation are vital to achieving this goal, since
it is clear that certain wetland alterations will con-
tinue to be permitted chrough government wetland
regulatory programs. These programs are de-
signed, in part, to minimize adverse impacts on
wetland resources from new development. Conse-
quently, government agencics, industry, landown-
ers, and developers secking permits to modify wet-
lands for various projects are often required to
mityrare for unavoidable wedland losses as part of
the conditions for receiving a government permit.
Many of these permitted activities invalve both
wetland restoration and ereation as matigation for
altered wetlands. Other governmment programs
dedicated o encouraging werland restoration on

private propeety through positive incentives in-
clude the LS, Fish and Wildhfe Service's Parers
tor Wildhite Progra, U S, Department of Agri-
culture’s Conservation and Wetland Reserve Pro-
grams, aond state-run programs. State and federal
wildlife management agencies have been active in
wtland enhancement and perhaps, o a lesser de-
grree, o wetland restoration and creation for ar lease
50 years. They have diked and inopounded wet-
lands and creaed ponds on public lands for the
benehit of cortain wildlife, mainly watcrfowl, En-
hancoment projects eypically promore one wetland
tunction, while diminishing seme other funcoons.

MNongovernment organizations and private orga-
nizarions like Ducks Unlimited have been invalved
m simalar prijects o improve waterfow] halbitae,
tor example. Wetlands have been touted as narural
water qualivy flvers, so artificial wetlands are now
being built for municipal, industrial, and agricul-
tural wastewarer treatment in North America and
FEurope. These wetlands are used mainly to polish
secondary effluent and for tertiary treacment and
stormwater management. Some wetlands are being
constructed to control nonpont source polluton
trom agricultural lands. In mining regions of the
Appalachians in the eastern United States, wetlands
have been creared to neurralize acidic water runoff’
fromt coal mines. In Asia, wetlands have been cre—
ated to produce the scaple, rice, thar feeds millions
of the world's population. To a lesser degree, pri-
vate individuals have created wetlands largely to
protect their property from shoreline crosion or
have restored wedands for wildlife habirar due o
therr personal interest in wetland wildlife conserva-
tion. Ponds are perhaps the most common and
widespread wetland cvpe that privare landowners
construer  without  government  incentives,  al-
though the government has programs to provide
partial funding or technical assistance for farm
ponds and catfish ponds. This happens chiefly be-
cause the value of a pond directly benefits the land-
owner. Crne can fish, hunt, obtain water, engage
i water-based recreanion, or simple enjoy the sighe
and sounds of pond life, whereas the benefies of
many vegerated wetlands are often less angible,
Cloastal werlands and  streamside wedlands have
been created by private landowners because they
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derive o diteet benetit— protection of property
throngrh shorehne stalilizanon and crosion con-

trol—from these wetlinds,

I1l. WETLAND RESTORATION AND
CREATION VS PROTECTION

Wetlands form on the landscape where there is
frequently an exeess of water for prolonged peri-
ods. Many wetlinds are assooated with Hoodplains
of major rivers, low-lying plams along coastal wa-
ters. and depressions surrounded by upland where
cuchice water collects. Yet all wetlands do not fit
this pattern, Some wetlands have been established
on terrains with varying slopes in areas of ground-
water discharge, These sites include springs, seeps,
and dramage ways. Since wetlands naturally occur
in landscape positions where water accurnulares or
perindically overflows, protection of these natu-
rally occurring wetlands should be favored over
wetland restoration and creation. Existing wet-
lands are performing wetland funcnions and 1t is
far casier to preserve wetland funcrions and perhaps
to enhance these functions than to create wetlands
where they never existed or, to a lesser extont,
tor restore lost wetlands. This, in essence, Is the
foundation for the government’s sequencing steps
for mitigating wetland impacts of proposed proj-
cets, 1F wetland losses can be avoided, they should
be. 1f not, then wetland losses should be minimized
and compensated for through wetland TESLOrAion,
creation, and enhancement. These cttores, how-
ever, should not be used as a substitute for pro-
tecting naturally functioning wetlands,

If eseablishment of new wetlands or additional
wetland acreage is the objective, then the cholee is
between wetland restoration and ereation, Wetland
restoration is usually more likely to successtully
establish wetlands than wetland ereation because
(13 the affected area is a former wetland, {2) 1t
is naturally in the right landscape position in the
watershed to accumulate water, (3) it has a sced-
bank for hydrophyte reestablishment, (4) it pos-
sesses drained hydric soils, and (5) ic has 2 madified
hydrology thar may be restored to s orignal wet-
land hvdrology. In contrast, wetland creation re-

guires establishing wetland hydrology inoan area
that id not support wetland, Creating wetland
hydrology sufficient to make wetland 15 usually
4 mueh more difficult task than restoring witland
hydrology. Evaluations of created wetlands buile
tor replace natural wetlands suggese a lovw success
rate, while the potennal for success by restoration
citores 15 much higher. There also remams much
guestion whether created wetlands are functionally
cquivalent or similar to che natural wetlands they

are imtended o replace.

IV. DEFINING PROJECT GOALS
AND OBJECTIVES

The primary goal of any restoration oF creation
project should be to establish an arca that provides
wetlind funcrions—a wetland. Wetlands restored
in response to government regulatory require-
ments are usually intended to provide mulaiple
funcrions like matural wetlands. Other restored
wetlands often have a single purpose, with mcreas-
ing waterfowl habitat being perhaps the most com-
mon and widespread goal in North America. Ide-
ally, the restored wetland should have a self-
sustaining hydrology that requires little orno ain-
tenance. However, n practice, there may be con-
siderable operavion and maintenance associated
with restored wetlands, especially if water Jevels
must be managed to maximize waterfowl use., Cre-
ated wetlands may be built to replace Jost functions
of natural wetlands destroved by various develop-
ments or may be designed to perform a special
function that sociery wants, such as wastewater
freatment, STOFMWAtEr THANAZCMENL, Or erosion
contral. In the former case, the objective should
also be to cstablish a self-sustaining wetland hke a
restored wetland with multiple purposes, while the
management objectives in the lateer typically 1n-
volve the mnstallation of water control seructures,
requiring  considerable operational and mainte-
nance costs to achieve the desired funcoon,
Without clearly stated objectives, it s virtually
impossible to evaluate the success of wetland resto-
ration and creation projects. The lack of specified
objectives of many restoration projects has often
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led cratacs to clann thae these projects are no maore
thar pond creation o wetland conhancement, Tde-
allv, cvery restoration or creation project should
have a written plan detathing the specitic goals aned
abjectives and a set of mcasurable paramerers o

for nutigation projeces and governmene-sponsored
projects that are designed o replace lost wetland
functions. Inforuation from such plans s vital o
Leteer understanding why a paricular project suc-
cecded or failed and o allow orhers o reproduce
successful results. Documentation for maost past
projects is either poor or nonexistent, providing
lierle specific guidance on successtul methods and
problems to be avoided for future projects,

The first and perhaps most important question
i any restoralion or creation project 15 what type
of wetland is desired? The answer may be easy
to determune if the restoration/creation project is
being performed to replace funcrions of last wer-
lands: in-kind replacement 1s the norm. If che de-
sired wetland type differs from the one destroyed
jour-of-kind replacement), there must be a good
reason for this. Perhaps the intent is o restore wet-
lands that have been subjece to heavy historical
losses or o establish wetlands with a particularly
high value for one or more functions {eagr., water-
fowl] habitar, endangered species habitat, or flood
storage). The former requires knowledge of wet-
land status and trends. The L5, Fish and Wildlite
Service has published national seatistics on wetland
trends and also has similar data available for some
spectfic geographic areas. This information 15 vital
to knowing what wetlands are in greatest need of
restoration. Government agencies may choose to
restore entire ecosystems, such as che Kissimumes
River and the Everglades of Florida or the bot-
tomland hardwood swamps of the lower Missis-
sippi alluvial plamn, or may opt (o restore individual
wetlands in high prionty watersheds or regions,
such as prairie potholes in the upper Midwest, In
some cases, wetlands may simply be restared or
created where there is 2 willing partiapant, but
this 15 prohably the least desirable option from an
CCOSYEICM managentent standpoint. Restoring 2
wetland requires knowledge of s condition prior
to alteration. For recent discurbances, this may be

accomplished through conventonal photeinterpre-
tation techmques. Acrial photos predating the per-
turbation may be cxamined to determine the previ-
ous wethind type, Such photography 1s available
for many arcas back mto the late 19305 and carly
[ Lhdils,

After deciding what type of wetland to restore
or create, anumber of questions arise, The 10 ques-
tions listed here are examples of questions char will
aid in site selection and projecr design.

1. What government regulations may apply o
construction activitics requircd by the rescoration/
creation projece? {Federal Clean Water Act, state
wetland laws, local zoning bylaws, ewe))

2. Where are the lands suitable for restoration
or creation and are they available for the projects
{Former wetland sites, uplands with high warer
rables, cxisting land use, land ownership, water
rights, cte.)

3. Gaven the above, should the project be a wet-
land restoration or a wetland creation?

4. What should the project size be?

5. If the project is being initiated in response to
a jrovernment permit for wetland alteranon, should
the restorationd creation be located on-site, off-site
in watershed, or off=site out of watershed?

6. What hvdrologic conditions are to be sstab-
lished? (Water depth, flooding frequency and dura-
tion, seasonal water tables, ridal flow regime, erc.)

7. What plant communities are desired? (Domi-
nant specics, diversity, ratie of vegetation to open
water, ote.)

8. How much ame should be allowed for wet-
land vegetation to establish?

9, Whar faunal species and kind of animal use are
desired? (Feeding, nesting, brood rearing, wildlife
travel cornidors, cre)

10, What 1 an accepeable risk of structural fatlure
isuch as washed out culverts or eroded berms) thar
would require repair at some frequency (e, 5,
1ih, 25, 50, or 100 years)?

The answers to these gquesnons will hkely vary
depending on whether the objective 15 to establish
a naturally functioning wetland or to restore or
create a wetland for a specific purpose,
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Several sourees of existing mformation ane avail-
bk 1o help answer some of the preceding ques-
tions, 1 hese sources melude Mational Wetlands In-
ventory (NWI) maps (LS. Fish and Wildhite
Service), soil survey reports (L5 DAL Sonl Con-
CUPVATION SErvice], ST Waltr Sununaries (L 5.
Geologreal Survey), chimate data (U5, Weather
Bureau), and state or focal wotland maps. By com-
parmg NWIE maps with a soil suryey report, for
ceample, potential sites for restoration may be de-
tected (i.c., hydric soil map vnits without NWI
wetlands) Soil survey reports may also be used to
find upland sites wath high potental for wetland
creation. Field inspections are required for evaluat-
ing the acrual site potential for wetland restoration
ot creation. These sources provide usctul back-
ground information to 4id in identifying potential

Si0es.

V. PROJECT DESIGN

Successful designs for restoration and creation proj-
cots require assessment of both on-site and off-
cite environmental conditions and applcation of
current knowledge of wetland formation processes
4nd wetland functions. In restoring or creating wet-
lands, site selection is the first step toward project
success. If the praject 1s being initiated in response
tor a regulatory requirement, the regulatory agency
will usually provide guidance on the on-site/off-
site and the wetland restoration vs Creation ques-
cions, Sites hest suited for restoration are hvdrolog-
ically modified former wetlands where wetland hy-
drology is casy to recstablish (Fig, 2). Such sites
possess drained hydne soils and contain 2 natural
secdbank of hydrophytic species that should greatly
improve the chances for successful revegotation.
For constructed wetlands, site selection 15 most Crie-
ical, especially if attempting to create 3 witland
that is somewhat functionally equivalent to the one
destroyed. The location should be one where wet-
land hydrologic condinions can be efficiently and
cllectively replicated, The best sites probably are
adjacent to existing wetlands or water bodies where
lowering the ground surface through cxcavanon
will cxpose the Affected arca to wetland hydrologic
conditions. The hydrology of these created wet-

Jands may be surface water- and/or groundwarer—
driven or artificially controbled. Similarly, wetland
basins chiay. b crgated by exepaung ab 150~
lated depression 1 @ point at or below the local
prroundwater eable. This i how many ponds
are built. These artificil wetlands arc cssentially
proundwater-driven systems, although contribu-
tions of surface water through runoff are variable,
depending on the size of the upstream watershed.
Ohther ponds and wetlands may be created by im-
pounding a natural valley to colleet surface water.
For any surface water-driven wetland, the quantity
and quality of the inflowing water are of utmost
importance. Too much suspended sediment can
secelerate basin filling and affect plant compositiorn,
wetland hydrology, and associated werland func-
tioms, Contaminated waters could produce disas-
trous consequences for certain wetland functions,
cspecially fish and wildlife habitar. Wetlands may
alsa be created wichin water bodies by depositing
{ill material and stabilizing chis material with wetl-
land plants and/or man-made crosion contral fab-
vics. This is frequently done in creating coastal
marshes on dredged material dispusal sites and to
stabilize croding shorelines along freshwater rivers,
lakes, and streams. In addition to hydrology (water
quanciry and seasonal fluctuations in water levels)
and other water-related properties (g.g., Wwater
chemistry), other features to consider in site selec-
fon include local ropography, soil properties (e.2.,
texture, permeability, fertilicy, erodibility, and un-
derlying substrates), degree of site exposure to
wave action (for sites i large water bodies), the
ratio of the acreage of wetlands/water bodics in
the watershed to the total watershed acreage, pre-
dominant land use n the watershed, and land usc
adjacent to the site.

Omce a site s selected, 3 number of other envi-
ronmiental parameters should be evaluated, includ-
g channel slope or gradient, ground elevations af
the sice (through topographic surveys), the proxim-
ity to other wetlands, and the presence of popula-
tions of exotic and/or potential pest plant species.
‘Ihese and other factors (g.g., culvert sizes abowve
and Below the project siee) will provide valuable
Tnfermation for (1) establishing the scope and cffect
of the project (e.g., size and shape of wetland and
planned hydeology). (2) determining cxrernalinies



WETLARMD RESTORATION ARMD CREATION

523

FIGURE 2 Parmer wetlands draned by open dicches are anzong the easiest wetlands 1o restare,
Many areas similar to the one shown in Nonh Pakota ace soitaldle for marsh and wer sreadoa
(praivic parhole) restarataion. The fedeead povernment is acnvely engaged in weeland restoration i

this area.

that may affect project success (e.g., storm flows),
(3} developing contingency plans to ger rid of ex-
cess water and for drawdown, and {4) cvaluating
potential impacts to adjacent properties and down-
SEFCAn Arcas.

Knowledge of wetland formation processes and
wetland functions provides the basis for determin-
ing the critical elements to restore or constricr wet-
lands. All wetlands are not functionally equivalent.
Some wetlands have higher capacities to perform
certain functions than others. Consequently, the
funcrional analysis of wetlands proposed [or alter-
ation provides the foundation for determining what
mitigation should be required 1 regulatory cases.
Functional cvaluations of neighboring wetlands can
also provide usctul information for project design.
espectally when the project is not the result of a
regulatory action. Specific designs can be dratted
tor accentuare specific funceions, if desirable, Some
peines to consider in designing wetland restoration
and creation projects include: (1) ratio of open wa-
ter habiear to vegerated wetland, (2) wetland type
and desired  plant community  composition,
(31 method of revegetation {c.g, natural recruit-
ment of plants, dressing topsoil wich hydric soil
conatning narural seedbank, or sceding/ planong ).

(4) sources of planting stock (e.g., transplanted lo-
cal stocks, nursery-grown native plants, or horti-
cultural varieties), (6) planting tme, (7) soil ferahey
atidd organic marter composition, and (8) desired
hydrology (e.g.. frequency and duration, sheet
Aow, channelized How, and amount of water man-
agement).

Documnentation of vital site characteristics and
tunctional design specifications wall greatly help
evaluating project success and in replicating suc-
cessful results for other areas, It must be remem-
bered, however. that excellent project design also
requires proper implemeneation to achicve sucoess.
Dresigned elevations may be perfect, but if site prep-
aration fails to atcain these levels, then the project
mav be doomed. In wetlands, for example, small
changes i clevanion can make an enormous differ-
ence o the environmental conditions that greatly
affecr plane establishmene, survival, and repro-
duction.

V1. WETLAND RESTORATION AND
CREATION TECHNIQUES

Establishing the approprate hydrologic regime s
ertcical for all wetland restoration/ creation proj-
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cots. 1 ydrology s the driving foree that creates,
aamains, and Largely deteromines funcrions for
wetlands in pature. Replicating wetlnd hydrology
i vital 1o the suceess of any project. This i manly
accomplhished by three et hads: (1) conrralling
crownd surbace clevanions {chicfly for creacion and
restaration of filled wetlands; Figure 3), (2) regulat-
i the warer depths and duraton through a combi-
nation of carthen dikes and water control deviees
(for restoration, enhancenient, and creation], and
(3) destroying existing drainage seructures fainly
[or restoration). The first is done by excavating
soil to a level where permanent or periodic Hooding
or prolonged soil saturation will occur. The second
action involves installation of water control devices
{c.g.. arcs, valves, riserboards, or stoplogs) to
arrain destred water levels in the diked area (11—
poundment). The Linal method requires plugeing
drainage ditches or breaking tiles to effectively de-
molish the current drainage system and restore
wetland hydrology. Achieving and mamtaining the
desired hydrology are probably the greatest absta-
cles facing restoration and creation cftorts. Unpre-
dicted low water tables, extremes n climatic condi-
tions (c.g., droughts and floods), improper site
grading and slopes, coarse-textured soils, and ero-
sion contribute to this problem.

After planning the desired hydrology, attention
usually focuses on establishing a wetland plant
community of a particular type. Specics COMpPOSI-
tion, maintenance of genetic diversity of local wet-
land ccorvpe stocks, seed/scedling sources {includ-
ing salvage plants from wetlands planned for
aleeration and hydrie soils with natural seedbanks
from donor wetlands), plant material handling,
planting techniques, spacing requirements, plant-
fertilization, substrate/soil
type, plant survival and reproducrion, and control

ing/seeding  times,

of cxoric and post species are among the mmajor
issues facing wetland restoration and creation proj-
ccts. Herbivory by inseets, geese, muskrats, and
rabbits, for cxample, 15 alsoa potentially sigmificant
pssie that must be dealt with by some projects.
Techniques for restoring and creating wectlands
often vary with the desired wetland type due to
plant species reguirements and different environ-
mencal conditions. Aquatic beds, estuarine wet-

lands  (salt/brackish  marshes and

swamps), and palustrine wetlands (nland marshes,

TN grany

swarmps, and bogs] all have somewhar unigue cir-
cumstances to deal with. The following paragraphs
of this scction address some of these differences.
Pond creation will not be discussed, but it should
be recognized thar ponds have been successtully
created by many cultures throughout the course of
human history.

Effarts Lo restore aquatic bed vegetation require
establishing plant communities in permanent shal-
low water. Critical environmental factors for site
selection, besides water depth and subscrate, may
include turbidity, sedimentation, thermal polla-
tion, and ail/chemical pollutants. Many projects
in large water bodies, especially esfuaries, major
rivers, and large lakes, must address the effects of
water currents and wave action. Low-energy sites
re best suited for the establishment of aquatic beds.
wMuch restoration has been performed m estuaries.
Typical species mvolved 1 these projects are el
grass (Zosterd warind) and widgeon-grass {Ruppia
maritima) in northern U5, estuarine waters and
turtle-grass ( Thalassia testudinum), Manatce-grass
(Cymodocea  filiformis), shoal-grass  (Haledule
wrightii), and sea-grasses (Halophila spp.) in south-
ern warers. Although secds may be planted dircctly
into the substrate, the planting of individual speci-
mens or plugs 1s more typical. Maost plants are
collected from local populations to maintain ge-
netic diversity and fitness for local environmental
conditions. Plantings may be anchored in some
fashion (e.g., steel staples or bindegradable meshes)
tor prevent washouts. In general, the best sites for
restoration are former sites where water quality
has improved or elevations are now suitable for
reestablishment. In freshwater systems, farget spe-
cies for restored or created aquatic beds include
white water lily (Nymphaea edorata), spatterdock
(Nuphar spp.), and pondweeds (Potamageton Spp- )
At ereated sites, flooding is required after seed ger-
mination or transplanting. If planting needs to be
stahilized to preventing uprooting, biodegradable
meshes may be used.

Restaration of estuaring marshes is limited since
most of the bistoric losses were due to dredging
and for filling which eliminated these habitats, It 1%
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FIGURE 3 Worland reseosaoon and creation may requare sail remeval o the seasonal high
water table o restore or creare wetland hyvdrelogy. (A Grading of a project sice nears conpletion
ma Juese, (1) St just 3omonths laer, sfter seeding and planting ewvee 1500 shrubs, While the resalis

lonk impressive, this project will vequize momitaring aver several years toodeteroine whiether the
project has achieved ws objectives. (Photos conrtesy of Fugro-East, Morthborouglb, MAL)

not hkely thar dredged marerial will be returned
Lo the created canals or channels or Al marerial
removed from affeceed arcas since most are ooon-
red by buildings of various kinds, [ however,

fill is recent and the activity wias unauthorized,
govermment regulators usually require the respon-
sible individual to remove the fll and rescore the
affected wetland. Perhaps the greacese opportuni-
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Gos for restomtion ol estuanne wetlands are on
dredged  mawrnal  disposal sites whoere  former
mrshes were filled. Yeu the costs for removing
this material may be prohibitive grven current rech-
nulogries. Many coastal marshes have been un-
potnded, yet most are managed as estuarine sys-
tems and could be returned to more patu rally
functionng wetlands, 1f desired, Ocher wetlands
have restricted tidal Aows that have reduced salimt-
jes ereating brackish conditions, therchy allowing
commean reed (Phragnites anstralis), narrow-leaved
cattail (Typha angnsiifolia), and ather plants to in-
vade and dominate many former salt marshes, This
condition is casily remedied by enlarging culverts,
breaching dikes, or through other means. Smooth
cordgrass (Sparting alterniflora) returns quickly to
these sites, provided that the subsidence of marsh
soils has not been significant. These impounded
and degraded marshes are suitable for rehabilitation
which s often considered a form of restoraton.
Significant opportunities also exist for cstuarine
wetland creation to stabilize dredged material de-
posited in shallow water and tidal flars ot to procect
eroding shorelines {rom wave action. Some coastal
states, including Maryland and Delaware, have ac-
tively encouraged private property owners to bnild
estuarine wetlands to stabilize shorelines (Fig. 4}
instead of constructing bulkheads and rip-rap struc-
tures for erosion control. Wetlands may be created
through the excavation of uplands adjacent to estu-
arine marshes, with material removed to a lewel
that promotes frequent tidal flooding. All these
projects have lietle problem accessing hydrology
since they arc established along tidal embayments,
rivers, or existing estuarine marshes. The main ab-
stacles are attaining proper clevations, planting the
various specics at the right levels, and reducing the
effects of wave action. Other important [actors in
project success are salinity, soil propertics, site
drainage characteristics, proper acclimation of
nursery-grown stock prior to transplanting, nucr-
ent availability (especially nitrogen], and control-
ling herbivory and human actions (e.g., oot rraftic
and A'TVs). Snow geese and muskrats have caused
major problems for some creation projects. Suit-
able species for estuarine marsh restoration and cro-
ation are halophyees (salt-tolerant plants), melud-

ing smooth cordgrass for regularly Aooded [lea
marsh) sites and salt-hay grass (5. patens), big cord-
rass (5. cynosuroides), salt grass { Distichlis spicata),
and black needlerush {Juncus roemerianes) for irregu-
larly flooded {high marsh) sites on the UL S, Atdantic
and Gulf coases. On the LS. West {oast, Pacific
corderass (8. foliosa) 15 the major speaes planted.
Lyirect seeding has been done. Alterua tively, sprigs,
seedlings, and plugs have been hand planted or
mechanically planted.

Mangroves dominate  the coastlines  of the
world's tropics. Mangroves have been planted for
slviculture 1n the Philipines for about 2(H) years.
Red mangrove (Rhizephora mangle) 15 the most
widely planted species in Florida, whereas black
mangrove (Awvicennia germinans) and white man-
grove (Laguncularia  racemosa) have also heen
planted, Mature seedlings (propagules) are col-
lected from local swamps. These propagules may
be directly planted or planted aerially. In some
cases, individual shrubs or trees may be planted,
but this increases project costs. The best sites for
restoration/creation arc low-cnergy shorelines,
cheltered from strong wave and current action. Af-
tempts to establish mangroves in high-energy envi-
ronments have a low portential for success. High
salinities and elevated soil surface temperatures
pose serious problems at some s1tes.

Inland marshes are among the easicst wetlands
to restore and create and are probably the most
widely cstablished wetland eype in the United
States, Marshes represent early stages hydracch
succession and are generally resilient and tolerant of
disturbance. Prairic pothole marshes, for example,
arc well-adapted to drastic annual fluctuations n
water levels and their high productivity 1s directly
related to these dvnamics, Since many of the former
marshes were drained and converted 1o cropland,
it may be relatively simple to restore wetland hy-
drology and, thercby, reestablish these wetlands.
The soils contain a natural seedbank or reservorr
of hydrophytic plants species, so once wetland hy-
drologic condirions rerurn, these plants guickly re-
colonize the site. The buried seeds of hydrophytes
may remain viable for centuries. Perhaps the easicst
marshes o restore are small, isolated former wer-
land basins that have been drained by open ditches



WETLAMD RESTORATION AMD CREATHZN 527

FIGURE 4  Estuaring wetlands are being created along eroding shorelines in coastal walers,
These projects wrvolve planting, halophytic specics like smooth cordgrass {Spasiina alteraiflora) which

wsually form dense sta
arca | oyear fater

(Fig. 2). Cleaning out the orgamc macter in the
dicch and then placing an carthen plug in the ditch
can bring back wetland hydrology. Basins with
larger warersheds require culverts and/or spill-
wiys, plus crosion contral measures (e, biode-
gradable meshes, np-rap, and ant-scepage dia-
phragms) o prevent washouts. Former weedlands

wls within 1 vear. {(A) A creaced marsh soon afeer planting, (B) the same

that arc tile drained arc more difficult and costly
ter restore. Firse, one has to locate the oles, then
destroy 4 porton of the tile system, and install a
dirch plog with a spillway. It is probably advisable
to il or disk restoration sites prior o restoring
wetland hydrology, so that existing turf is broken
down and chereby faclitaning colomzation by seed-
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lank hivdrophytes, Fatlure to dor this may sigoli-
cantly slow revepetation. Many marsh restoration
projects are acrually wethind enhancements where
the hydrology of an cxsting woetland, wsually a
wel meadow, 15 changed o that ol a marsh by
ncreasing the hydroperiod through a combination
of dikes and water control structures. Marsh cre-
ation requires additional consideranons, Cne st
create 1 wetland basin in an upland site by excava-
tiom (Fig. 3) and/or impoundment of a matural wal-
ley. Ideally, ifhydric soil (withits narural seedhank]
can be brought from the altered site to the creacion
cite, it may be casier to establish the desired plant
community than by plantings or sceding. For all
projects, Hrst-year water levels are critical. With
few cxceptions, marsh plants tend to germinate
bhest in moist to saturated soils, The seedlings of
most species are very susceptible to carly season
flooding, so it is usually recommended that the
site’s mitial hydrology be one of saturated s0ils
(until scedlings attain some height) followed by
shallow Booding (less than 1 inch of water). It 1%
important not to inundate the ontire plant during
the first year. In future years, flooding depths can
be gradually increased to reach the desired level. All
projects should have contingency watering plans,
especially for prajects in arid and semiarid regions,
to cnsure favorable conditions for plant growth
during the critical first year. Shallow wells may be
installed if necessary. Marsh restoration and cre-
ation projects should consider producing a diver-
sity of habitats, including islands and other wetland
types. The hydrology required for the establish-
ment of wet meadows is one of alternating pro-
longed periods of saturated soils with brief shallow
flocding events. Because grazing may posea prob-
lem for some meadows, exclusion fences may be
required. Common plant species in freshwrarer
marshes and meadows that have been used in resto-
ration and creation include cattails (Typha spp.).
bulrushes (Scirpus spp.), pickerelweed (Pontederia
cordata), arrowheads (Sagittaria spp.), arrow arum
(Peltandra virginica), sedges (Carex spp., Lleocharis
spp.. Cyperdsspp. ), reed canary grass { Phalariz arun-
dinacea), and panic-grasses (Panicunn spp.). Wer-
Jands constructed tor wastewater treatment in the
United States and Europe have used the following

species which have recognized values for nutrient
uptake {nitrogen removal) and assimilation suitable
for this treatment: broad-leaved cactaml (T lattfolia),
coftestemmed  bulrush  {Scirpes validus), tale or
hard—stemmed bulrush (S, aaitus), bulrush (5. lac-
nstris), woolgrass (5. FYperinEs],  COMION recd
(Phragmires australis, the principal species used in
Europe), reed canary grass, water hyacinth [Cichh-
praia crassipes), and rushes (Jonas spp-J. Building
wetlands for this purpose requires much more clab-
orate design, operationsl, and maintenance consid-
erations than ereating wetlands for wildlife habirar.
‘This added effort is needed to mawximize the
plant—soil interaction with wastewarer for remov-
ing pollutants and microbial pathogens.

Many rypes of shrub swamps may be as casy 10
establish as marshes and wet meadows because of
sirnilar hydeologies. Site preparation is also sinlar
(Fig. 3). The planting of secdhings is probably the
mose typical revegetation technique for shrubs,
with some cxceptions, Willow twig cuttings may
be directly planted at restoration sites, Comnmon
species that have been used or may be suitable for
restoration/creation projects include willows (Salix
spp.), buttonbush (Cephalanthus occidentalis), dog-
woods  (Cornus  spp.), alders  (Alnus spp. ).
arrowwoods (Viburmum spp.), winterberries (Ilex
spp.), swamp azalea { Rhododendron viscosum), swect
pepperbush (Cletiira alnifolia), and highbush bluc-
berry (Waccininm corymbassn). Varietics and rela-
tives of the latter species are widely cultivated on
former wetland sites for berry production in MNew
Jersey. Bogs, however, are a notable EXCCpton.
Bogs characterized by cricaceous shrubs {e.g.,
leatherleaf, Chamaedaphne calyculata) are perhaps
the maost difficult wetland type to establish becausc
of their unique soil chemistry and deep organic
soils, although there 1s ar least one report of an
atternpt to relocate a bog. Perhaps the dense shal-
low root system binds the organic soil and makes
it possible to carefully remeve a living carpet of
bog wegetation, much like sod or turf mats uscd
for establishing residential lawns. 1f possible, this
probably would be a very labor-intensive and
costly project, [Ser Boe Ecorocy. |

Restoration of forested wetlands takes longer to
successfully accomphsh than lor emergent wet-
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FIGURE 5 licuamland hardwood forest restaration o castern Lonisiana. [towill take 10 yeass
wr more tor the forest to develop, so these types of restoration projects requare longer monitorng

than restered marshes and wes meadows,

lands and mest shrub swamps simply because 1t
takes more ime for trees to mature and a forest Lo
recstablish. The most extensive forested wetland
restoration projects invalve hottomland hardwood
forests (Fig, 5). Millions of acres of these wetlands
have been converred to agriculture {e.g., soybean
fields) in the southeastern United States, especially
in the lower Mississippi alluvial plain, Conse-
quently, the potential for restoring these foreses 1s
cnormous, The best sites for restoration are poorly
drained or frequently flooded cropland that 15 con-
sidered low value farmland because of excessive
werness and frequent crop failure. Species used in
restoration depend on wildlife habicat/ forestey ob-
Jeetives, Zonation patterns of bottomland plant
communitics correspond 1o elevational gradienes

and differences m the frequency and duration of

flooding. Obscrving plant distribution in neigh-
borning botromland swamps provides valuable in-
sight for species selection for proposed restoration
sites. Typical southern bottomland species include
bald cypress (Taxodivm distichum), oaks (Quercus
spp-), pecans (Carpa spp.), ashes (Fraxinus spp.),
clms (Uifmus spp.), sweet gum (Ligiidambar styra-
eiflua), black pum (Nyssa splvatica), water luckory
(Clarpa aquatica), silver maple (Acer sacclurinm),

and sycamore (Platanus occidentalis). Bottomland re-
ferestation mmvolves site preparation (e, disking
the soil to a foot or more to remove existing vegeta-
tion and control rodents, and soil fercilization, if
necessary) prior to secding or planong. Planting
seedhings (over 1.5 feee tall) 15 che cypieal method,
while direct seeding by hand or machines has also
been done. Oaks, pecans, and other tree species
with large seeds may be planted directly into the
soil. Some tree species are suirable for direct plant-
ing of fresh twig curtings, although meost are pre-
rooted following standard horticultural techniques
prior to planting. These species include poplars
(Populus spp.). sycamore, ashes, willows, and
sweet gumn. There are reports of relocatng entire
swamps where tull-sized trees and associated
shrubs were replanted at the new site, This practice
15 exeremely hmiced, probably because of high
costs, [t is, however, the [astest way to create a
forested wetland. Attempts to restore forested
wetlands are limited elsewhere, perhaps, in part,
because these rypes have not experienced the
tremendous historical losses that ther souchern
counterparts have and  because  government-
sponsored restoration is tocusing on other wetland
tvpes. Saplings of red maple (Acer rabinen) and other
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FIGURE é This forcsted wetland project invelves boch restoration and coeation to mitigate for
wetland aleeration during roadway expansicn. The aréa has beer planted with saplings of trecs and
shrubs rypical of palustrine forcss i the vicnity. Itowill ke oy years for this wetland to

funcrion as a forested wetland.

northern species have been planted with shrubs
and other planes in red maple swamp restoration/
creation projects in the Northeast. These projects
are usually required as mitigation for permiteed
wark in natural wetlands (Fig. 6).

Vvil. MONITORING AND EVALUATION

ue chiefly to the difficuley of establishing the de-
sired hydrology, itis vital that project sites be mon-
itored and evaluated for success. The hydrology of
the newly established wetland should be mnonitored
{requently during peak flows to ensure that design
is working as planned. During such times, 1t 15
advisable to make a few onssite inspections cach
week. 1fthe design has taken all significant environ-
mental factors into account and the project 15 con-
seructed exactly as drawn, the project will probably
succeed. Practical experiences suggrest, however,
that it is casier to draft a good plan on paper than
it is to build 1 on the ground. For this reason, it
is advisable to record the as-built dimensions of

the project after construction. The final dimensions
will largely determine the fate of the project,
Maost projects that fail, do so mainly because they
did not establish the desired hydrology. Besides
poor project design, there are numerous other sig-
nificant problems leading to project failure, includ-
ing planting at inappropriate elevarions, nvasion
by undesirable species, lack of arganic matter in
the soil, overcompaction of substrates, grazing by
herbivores, vandalism, human traffic, and chimartic
extremes such as droughrs, floods, and hurricanes.
Most problems arise in the first couple of years
when the plants are establishing themselves, so it
is imperative that all restoration and creation sites
be monitored for at least 2 years, Detection of prob-
lems during this time will allow necessary adjust-
ments to be made with minimal loss of desired
wetland funcrions. Quarterly observations may be
advisable during the first vear for all projects. Doc-
umentation of observations and remedial actions
taken is imperative. Marshes, wer meadows, and
shrub swamps (excluding bogs) should probably
be evaluated i years 1, 2. and 5 following project
completion. Forested wetland TESIOTARION Projects



WETLAMD AFSTORATION AMD CREATION

FIGURE T I'hotos are often taken to show the evolution of o werland restoracion or creation
project, bur chey provide lieele daca on project sucecss, To smgnove thewr value, photos should L
taken from permanent locations. (A] Project during sice preparaion. (B) Site planting, (C) Bestored
wotland after 2 vears, This project invalved planting about 33,000 tubuers of marsh herbs and

prsre tlian 10 shrebs, Eighoy pereent vegetacive cover was altaned within two growing seasons.

(Photas courtesy of Fugre-Easy, Norhborongh, MAC
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FIGURE 7

should be monitored for Jonger periods, perhaps
100 syears A0 @ MINITILL, B0 As5ess revegetation suc-
cess. For these wetlands, a monitoring schedule
might require sice evaluation in years 1, 2, 5, and
10. Fifty years of monitoring is unreasonable as a
requircmnent for government permits, but this
length of time may actually be required to fully
evaluate the success of restoring bogs and some
forested wetlands.

What measurcs are used to cvaluate project suc-
cess? First, the project’s goals and objectives should
provide a means for determining appropriate crice-
ria, What are the intended functions to be per-
formed by the restored or created wetland? The
answer to this question should be included in the
project design plan, Comparisons between re-
stored/created wetlands and natural wetlands of
similar form and function are often uscful for as-
sessing project success, but do not expect them to
be exactly alike. Since it 1s caster o evaluate form
rather than function, most criteria used to evaluate
restored or ereated wetlands are form related. Some
commonly used parameters are size and shape of
the wetland, type of wetland, interspersion of vege-
tation and open water, amount of shoreline or edg,

Continned

water depth and seasonal fluctuations i the water
table (surface water and groundwater well moni-
toring), plant species composition (diversity) at dif-
ferent elevations, plant cover, weighted average of
“wetland " species vs “non-wetland” species, stem
density, plant height, aboveground and  be-
lowground biomass, basal area, secdling survival
rates, number of volunteer plant species, reproduc-
tive success of plants, wildlife species, wildlife use,
wildlife abundance, aguatic invertebrate diversity
and biomass (for marshes), accumulation of or-
ganic matter in the soil, and water quality (e.g..
nicrogen, phosphorus, and suspended solids). Wet-
lands created or restored for one particular function
are evaluated relative to that goal. Panoramic pho-
tos are often taken to show the before and after
condition of the project site, but they usually pro-
vide insufficient information to judge project suc-
cess (Fig. 7). To be most beneficial, these photos
should be taken from permanent locations so that
periodic comparisons can be made. Low-altitude
acrial photos acquired during the peak of the grow-
ing season over a series of years would show
the cxtent and annual changes in vegelatve cover
and the open water to vegetation ratio at the site.
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This could be supplemented wath ground  sur-
veys to verify species connposition and other para-
meters.

Carctul documentaton throughouo the ennre
project s critical not oody for evaluating project
siccess, bur also for being able ro reproduce sue-
cessful results mothe futiee. This presvides mdis-
pensable mformation on the do's and don’ts of wet-
Lamad restoration and creatton. Fartoo nany projects
larve paid litde or no atention w this aspeet, Given
the tremendons acoeleration of wetland  restora-
tien/ ereation prajects, it umperative that projects
be  well-docomented  (rom the planning  stage
through the completion of monitoring, Only by
merculous recording and reporting will we be able
to better understand the factors affecting both the
successes and famlures of wetland restoraton and
creation and to better design and construct future
projects for improving the status of wetlands and
mereasing the valued funcrions they perform.

Glossary

Estuarine wetlands Werlands periodicallv inundated by
salt or brackish ridal waters {salinity abowve 005 parts per
thousand), including salt and brackish marshes, man-
grove swamps, sale baceens (salinas), and ndal Qars.

Halophyte A plant adapred for life i saline souls and char-
acteristic of salt and brackish tdal marshes wnd mangrove
swamps, nland sehne marshes and meadows imoarid and
semiatid vegrons, and salt Haes

Hydric soil Soil that s setoraced, flooded, or ponded long
enouzgh durlng the prowing season for anasrobic and re-
ducing conditons to develop in the upper part and thae
evpically suppores che prowth ot hydrophyres; soil charac-
reeistic of marshes, swamps, hogs, and ather wetlands.

Hydrophyte An individual plane adapted for life in water
ot in penodicelly Hooded and/ar saturated soils {hydric
soils) that exhibit pralonged anacrobic conditions; plants
growing i deepwater habitats and wetlands; may repre-
sent the entire popolation of 2 given specics [oblizate
hydroplivtes) or only a subser of individuals (g, wet-
land ecoty pes) so adapeed {facultative-ty pe lvdroplivees).

Falustrine wetlands [Nonrdal setlands and freshwiter
tiddal wetlands thar are rypically dominated by persiscent
vesetation, including marshes, swet mesdows, prairie
potholes, playas, feas, pocosing, shrub swamps, wooded
swamps, cerrain bottomband  hardwood  foreses, wer
Matwoods, Carolnm lays, hydoe hammaocks, muskegs,
anvel weer fusddra.

Wetland A vepetated or nonvegretated area thar s perma-
nently coversd by shillow water (less than 600t or
2 m} or s periodieally mundated and/or saturaced oear
the sotl surface by surfuce or groundwater it a Treguency
and duration useally sufficint woereate prolonged an-
acrebiosis thar Bvoers the prowth and reproduction of
hvdrophyies and the development of hydric soils; -
cludes a daverse assemblage ofwer habitars ranging trom
shillore aguatic labitacs o scasenally saturated lands such
as mmershes, bows, swamps, tens, praric potholes, Caro-
b Bays, pocosins, plavas, vernal pooels, pends, tidal
Hats, wot Hatwoods, hydric bammocks, and  cormain
Hevslpliin wnd botoanland forests.

Wetland creation rocess oo resuln of constructing a wer-
Ll where one did nee cxast dhe process may be cither
intentioaal (o o create @ wetland for wastewaret rrcar-
men) or accidental (e, seepage lrom an carthen lme-
peamcdment), but the npet result 15 a2 gain o wetland
AT

Wetland enhancement Process or result of changog the
existing condirion of a wetland o improve one or more of
irs functions. wirh lircle ar no change in wetland acreages;
vsually changes the wetland type (e.g., wet meadow to
marsh}.

Wetland rehabilitation ['rocess or resulo of restoring a
degraded, contaminared, funcrienally impaired, or other-
wise damaged werland o s oniginal (prealtered) con-
ditie:.

Wetland restoration Process or result of reourning & for-
mer wetland (oow noenwetland) wo 2 funcioning wetland
of some other type which produces a net rain or increase
iy werland sereage; also defined by some authors to in-
clude wetland rehabilicztion and wetland enhancement

acrivities {sce preceding definirions).
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