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FOREWORD 

Attempts to compensate for wetland losses by 
creating new wetlands or restoring degraded ones 
have greatly increased in recent years in federal, 
state, and local wetland protection efforts. The 
scientific and policy questions generated by such 
efforts have been intensely debated by regulators, 
developers, consultants, and academics. While 
research and dialogue show wide agreement on 
several key points with regard to restoration and 
creation, many doubts remain regarding technical 
certainties and proper utilization of creation or 
restoration to compensate for new impacts to 
wetlands. 

In 1985, the Environmental Protection Agency 
(EPA) began a multiyear research program to 
examine the scientific issues which result from 
wetland creation and restoration. EPA's Office of 
Research and Development (ORD) manages this 
program through its Environmental Research 
Laboratory in Corvallis, Oregon. As part of this 
overall program, ORD embarked on an effort to 
synthesize the knowledge accumulated to date into 
a statement of the status of the science of wetland 
creation and restoration. The. Agency views this 
document as a first step in meeting the needs of 
wetlands regulators for an analytical framework 
from which to make decisions concerning wetland 
creation and restoration. Although intended for 
use primarily by federal staff involved with the 
Clean Water Act Section 404 program, this status 
report should prove useful to state regulatory 
personnel as well as to the private sector. 

The report describes current scientific 
knowledge involved with wetland creation and 
restoration from a regional perspective and from 
the perspective of selected common denominator 
topics. It is to be noted that the report focuses on 
scientific issues with restoration and creation, not 
on policy issues. It identifies the limits of our 
knowledge and attempts to set priorities for future 
research. 

A wide range of pertinent scientific and 
technical data, plus the hands-on information which 
has accumulated in recent years was compiled. A 
thorough literature synthesis was undertaken 
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which incorporated available data from across the 
country. This information was then integrated to 
assess the status of wetland creation and 
restoration on a regional basis. The authors of the 
papers attempted to infer broad similarities and 
general mitigation "truths", both positive and 
negative, with respect to potential success of 
wetland creation and restoration projects. In 
addition to information routinely collected in 
specific research efforts, they attempted to draw 
upon material which has not been reported in the 
juried literature. 

Beyond the "cold facts" literature review, the 
synthesis achieved a valuable goal which is central 
to the development of a status report--the effort 
gathered scientists and technicians together who 
represent much of the expertise concerning 
mitigation in the United States. It was also the 
goal of those directly involved to review, analyze, 
touch upon, or discuss the various concepts and 
findings which numerous unnamed individuals 
have brought to this discourse on wetland 
restoration and creation. 

The EPA is thankful to all those individuals, 
both named and unnamed, who helped to focus and 
compile information. The time and effort given by 
these individuals, particularly those experts who 
have assisted the EPA Corvallis Research Lab, are 
greatly appreciated. The content of this status 
report evidences quite clearly the enthusiasm, 
conviction, and professionalism of the experts 
throughout the United States who participated. 

One note of caution on the use of this report: it 
is not a policy document, nor is it intended to 
define, express or endorse any federal policy toward 
many tough issues in wetland mitigation, such as in
kind/out-of-kind compensation or on-site/off-site 
approaches. The views expressed are those of the 
authors and not necessarily those of the Agency. 

We hope you will find the document useful and 
stimulating. 

The Office of Wetlands Protection 



INTRODUCTION 

BACKGROUND 

The U.S. Fish and Wildlife Service estimated 
that 30-40% of the original wetlands in the United 
States have been lost and that destruction 
continues at 300-400,000 acres per year (Tiner 
1984). In the last decade, interest has increased in 
wetland restoration and creation at all levels of 
government, in the scientific community, and in the 
private sector. Restoration and creation have been 
advocated to: 

reduce the impacts of activities in or near 
wetlands, 
compensate for additional losses, 
restore or replace wetlands already degraded 
or destroyed, and 
serve various new functions such as 
wastewater treatment, aquaculture, and 
waterfowl habitat. 

The U.S. Environmental Protection Agency in 
January 1986 adopted a Wetlands Research Plan 
(Zedler and Kentula 1986) to assist the Agency in 
implementing its responsibilities to protect the 
nation's wetlands resource. Agency personnel 
surveyed in the planning process agreed that there 
was a pressing need to determine how well created 
and restored wetlands compensate for losses 
permitted under Section 404 of the Clean Water 
Act. The research proposed was designed to 
improve methods of creating, restoring, and 
enhancing wetlands and wetland functions; to 
provide guidance for the design of effective projects; 
and to develop methods for evaluating the potential 
and actual success of projects. 

This status report is the first major publication 
resulting from the research initiated on wetland 
creation and restoration. Conceived as a 
mechanism for identifying the adequacy of the 
available information, this status report will help 
set priorities for the research program and provide 
Agency personnel with an analytical framework for 
making 404 permit decisions based on the status of 
the science of wetland creation and restoration. 

Concern about the status of the wetland 
resource and interest in enhancing it through 
wetland creation and restoration continues to be 
strong in the U.S. Numerous meetings and 
symposia have been held to discuss wetlands issues. 
Recently, at the request of the EPA, the 
Conservation Foundation convened the National 
Wetlands Policy Forum to address major policy 
concerns. The goal was to develop sound, broadly 
supported guidance on how federal, state, and local 
wetlands policy could be improved. In its final 
report (The Conservation Foundation 1988) the 
Forum specifically recommended that: 
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"the nation establish a national wetlands 
protection policy to achieve no overa]] net 
loss of the nation's remaining wetlands 
base, as defined by acreage and function, 
and to restore and create wetlands, where 
feasible, to increase the quality and 
quantity of the nation's wetland resource 
base". 

The Forum went on to emphasize that the goal of no 
net loss does not imply that individual wetlands 
will be untouchable. Therefore, a substantial 
increase in efforts to restore and create wetlands is 
inherent to attaining the Forum's objective. These 
recommendations attest to the timeliness of the 
research prescribed in the EPA Wetlands> Research 
Plan (Zedler and Kentula 1986). 

This status report is not the first attempt to 
gather information on wetland creation and 
restoration (Table 1). Previous works are cited 
throughout this report. The purpose of this 
endeavor was to build upon previous work, not to 
duplicate it. An effort was made to capture 
information not published elsewhere and 
incorporate it with published literature to produce a 
unique resource. 

HOW THE REPORT WAS PREPARED 

A meeting was held in February 1987 to discuss 
a draft plan for this status report. The objectives 
were to insure that appropriate topics were covered 
and presented in a format that would be useful to 
Agency 404 personnel. At the meeting the 
scientists actively involved in wetland creation and 
restoration, who ultimately became authors for the 
chapters in the report, together with 
representatives of the EPA Regions and the Office 
of Wetlands Protection critiqued a proposed outline 
and a list of potential topics. Key questions 
considered were: What information about wetland 
creation and restoration is needed? For what 
wetland types in what parts of the country is there 
sufficient information about creation and 
restoration to form a unit for a regional review? 
What specific information should be presented in 
each of the regional reviews and how should it be 
organized? The recommendations were 
incorporated into the final plan. The authors were 
then commissioned to prepare individual chapters 
in the report. Once prepared in draft form, the 
papers underwent an extensive peer review process. 

The authors of the chapters in this volume were 
selected because of their expertise in particular 
areas of wetland science or their active involvement 
in a specific aspect of wetland creation and 
restoration. An effort was made to separate the 



Table 1. The best known of the compilations of information on wetland creation and restoration in the U.S. 

PROCEEDINGS OF THE ANNUAL CONFERENCE ON 
WETLANDS RESTORATION AND CREATION 

15 years of proceedings sponsored by 
the Hillsborough Community College, Tampa, Florida 

THE WORK OF THE DREDGED MATERIAL PROGRAM OF 
THE U.S. ARMY CORPS OF ENGINEERS 

See reports published, such as: 

Saucier, RT., C.C. Calhoun, Jr., RM. Engler, T.R Patin, and H.K. Smith. 1978. Executive overview and 
detailed summary: dredged material research program. Tech. Rep. DS·78·212. U.S. Army Engineers 
Waterways Exp. Station, Vicksburg, Mississippi. 

Newling, C.J. and M.C. Landin. 1985. Long-tenn monitoring of habitat development at upland and wetland 
dredge material disposal sites, 1974-1982. Tech. Rep. D-85-5. U.S. Army Engineers Waterway Exp. Station, 
Vicksburg, Mississippi. 

CREATION AND RESTORATION OF COASTAL PLANT COMMUNITIES 

1982. Lewis, R.R. (Ed.). 
CRC Press, Inc., Boca Raton, Florida. 

WETLAND RESTORATION AND ENHANCEMENT IN CALIFORNIA 

1982. Josselyn, M. (Ed.). Rep. T-CSGCP-007. 
Tiburon Centro Environ. Studies, Tiburon, California. 

WETLAND CREATION AND RESTORATION IN THE UNITED STATES 
FROM 1970 TO 1985: AN ANNOTATED BIBLIOGRAPHY 

1986. Wolf, RB., L.C. Lee and R.R. Sharitz. 
Wetlands 6(1): 1-88. 

MITIGATING FRESHWATER WETLAND ALTERATIONS 
IN THE GLACIATED NORTHEASTERN UNITED STATES: 

AN ASSESSMENT OF THE SCIENCE BASE. 

1987. Larson, J.S. and C. Niell (Eds.). Pub!. 87-1. 
Environ. Inst., Univ. Mass., Amherst, Massachusetts. 

WETLAND FUNCTIONS, REHABILITATION, AND CREATION IN 
THE PACIFIC NORTHWEST: THE STATE OF OUR UNDERSTANDING 

1987. Strickland, R (Ed.). Pub!. 86-14. 
Wash. State Dept. Eco!., Olympia, Washington. 

PROCEEDINGS OF THE NATIONAL WETLAND SYMPOSIUM: 
MITIGATION OF IMPACTS AND LOSSES 

1988. Kusler, J.A., M.L. Quammen and G. Brooks (Eds.). 
Association of State Wetland Managers, Berne, New York. 

PROCEEDINGS OF A CONFERENCE: 
INCREASING OUR WETLAND RESOURCES 

1988. Zelanzny, J. and J.S. Feierabend. 
Nat. Wild!. Fed., Washington, D.C. 
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science perspectives presented in this status report 
from the policy views of agencies involved in 
wetland management. Therefore, primarily 
scientists who are not associated with a government 
agency were commissioned to prepare papers. 
Authors were also requested to avoid policy 
judgments on key topics fraught with policy 
implications, such as onsite/offsite mitigation, in
kindlout-of-kind mitigation, and mitigation banks. 

It was also recognized that the success of this 
project depended on the participation of the many 
other experts in the field. Attempts were made to 
involve them through presentations and discussions 
at meetings of wetland scientists, the information 
gathering process, and the review procedure. 

Meetings of authors were held to assess their 
progress at various stages of the project. To get 
early feedback, authors also presented outlines of 
their papers in special sessions of previously 
scheduled meetings of wetland scientists, such as 
the annual meeting of the Society of Wetland 
Scientists. EPA personnel were encouraged to 
attend and to provide input. Authors of regional 
reviews of inland and coastal wetlands were later 
assembled in separate meetings to discuss their 
first drafts and to identify common issues. In 
September 1987, some of the authors presented 
their draft papers at the Association of State 
Wetland Manager's National Symposium: Hy
drology. 

The National Wetland Technical Council was 
invited to assist in the evaluation of research needs. 
A meeting of the Council was held to discuss the 
research issues presented in the draft manuscripts. 
The Council's recommendations are reported in the 
statement of research needs which constitutes the 
final chapter of Volume I, prepared by Council 
members Dr. Joy B. Zedler and Dr. Milton W. 
Weller. 

WHAT THE REPORT IS AND IS NOT 

This report is a preliminary evaluation of the 
status of the science of wetland creation and 
restoration in the United States. It is, by no means, 
the final word. It intentionally avoids a variety of 
key issues which were deemed more policy than 
scientific in nature. 

This status report is composed of two volumes. 
The first volume is a series of regional reviews. 
Each review summarizes wetland creation and 
restoration experiences in broadly defined wetland 
"regions" (e.g., Pacific coastal wetlands, wooded 
wetlands of the Southeast). The authors were 
asked to summarize the available information, 
identify what has and has not been learned, and 
recommend research priorities. Their primary task 
was to synthesize and evaluate information from as 
many sources as possible, including personal 
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experience. 

The second volume is a series of theme papers, 
covering a wide range of topics of general 
application to wetland creation and restoration 
(hydrology, management techniques, planning). 

The amount and quality of information 
available to the authors was uneven by region and 
topic, so the papers vary in length and level of 
detail. This is particularly apparent in the regional 
reviews. The most quantitative and best 
documented information was available for Atlantic 
coastal wetlands, consequently, the reports on these 
systems heavily cite the juried literature. 
Conversely, information on the creation and 
restoration of inland freshwater wetlands was 
spotty, at best, so the authors drew more heavily on 
personal experience. 

Much was learned from this effort to document 
the status of the science despite the information 
gaps; the key conclusions are presented in the 
Executive Summary. Throughout the preparation 
of this report, authors and informed contributors 
continually affirmed that the creation and 
restoration of wetlands is a complex and often 
difficult task. This, in turn, pointed to the need for 
setting clear, ecologically sound goals for projects 
and developing quantitative methods for 
determining if they have been met. To validate the 
goal setting process, wetland science must progress 
and the role of wetlands in the landscape must be 
understood. Only then can one truly evaluate 
which ecological functions of naturally occurring 
wetlands are provided by created and restored 
wetlands. 
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EXECUTIVE SUMMARY 

Jon A. ~usler and Mary E. Kentula 

INTRODUCTION 

This executive summary is divided into three 
principal sections: (1) conclusions concerning the 
adequacy of our scientific understanding concerning 
wetland restoration and creation; (2) 
recommendations for filling the gaps in scientific 
knowledge; and (3) recommendations for wetland 
managers with regard to restoration and creation 
based upon the status of our scientific 
understanding. 

The following general conclusions are offered 
with regard to the adequacy of our scientific 
understanding and the success of restoration and 
creation projects in meeting particular project goals. 

ADEQUACY OF THE SCIENCE BASE 

1. Practical experience and the available 
science base on restoration and creation 
are limited for most types and vary 
regionally. 

Experience in wetland restoration and creation 
varies with region and wetland type, as does the 
evaluation and reporting of such experience in the 
scientific literature. Hundreds and perhaps 
thousands of coastal and estuarine mitigation 
projects have been constructed along the Eastern 
seaboard. These projects have been subject to a fair 
amount of follow-up monitoring and have been 
quite widely reported in the literature. Fewer 
projects have been implemented on the Gulf and 
Pacific coasts and, correspondingly, there is a 
smaller literature base. 

In general, much less is known about restoring 
or creating inland wetlands. However, two types of 
inland wetland projects have been quite common: 
impoundments to create waterfowl and wildlife 
marshes, and creation of marshes on dredged spoil 
areas along major rivers. Despite the number of 
these impoundment projects and a relatively large 
literature base dealing with waterfowl production 
and other related topics, only a modest portion of 
the literature critically examines these efforts. A 
modest literature base is available on wetlands 
created on dredged spoil. The best known research 
is that of the U.S. Army Corps of Engineers 
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Dredged Materials Program. 

2. Most wetland restoration and creation 
projects do not have specified goals, 
complicating efforts to evaluate "success". 

Project goals have rarely been specified, even in 
cases where wetlands have been intentionally 
restored or created. This has complicated efforts to 
evaluate "success". Lacking such goals, success has 
commonly been interpreted as the establishment of 
vegetation that covers a percentage of the site and 
exists for a defined period of time (e.g., 2-3 years). 
Such measure£ of success, however, do not indicate 
that a project is functioning properly nor that it win 
persist over time. Often these criteria have some 
relationship to the characteristics of natural 
wetlands of the same type in the region, but this 
relationship is limited. In the rare cases where 
project goals have been formulated and follow.up 
studies conducted, there have been situations 
where failure to meet specific goals has occurred 
although there was partial or total revegetation of 
the site. 

Ideally, success should be measured as the 
degree to which the functional replacement of 
natural systems has been achieved. This is much 
more difficult to assess and cannot be routinely 
quantitatively determined. The ability to estimate 
success of future projects will be fostered through 
establishing specific goals that can be targeted in 
an evaluation. 

3. Monitoring of wetland restoration and 
creation projects has been uncommon. 

Despite thousands of instances in which 
wetlands have been intentionally or unintentionally 
restored or created in the United States, in the last 
50 years there has been very little short term 
monitoring and even less long term monitoring of 
sites. Monitoring of sites and comparisons with 
naturally occurring wetlands over time would 
provide a variety of information including rates of 
revegetation, r~population by animal species, and 
redevelopment of soil profiles, patterns of 
succession, and evidence of persistence. 



SUCCESS OF RESTORATION AND 
CREATION 

1. Restoration or creation of a wetland that 
"totally duplicates" a naturally-occurring 
wetland is impossible; however, some 
systems may be approximated and 
individual wetland functions may be 
restored or created. 

Total duplication of natural wetlands is 
impossible due to the complexity and variation in 
natural as well as created or restored systems and 
the subtle relationships of hydrology, soils, 
vegetation, animal life, and nutrients which may 
have developed over thousands of years in natural 
systems. Nevertheless, experience to date suggests 
that some types of wetlands can be approximated 
and certain wetland functions can be restored, 
created, or enhanced in particular contexts. It is 
often possible to restore or create a wetland with 
vegetation resembling that of a naturally-occurring 
wetland. This does not mean, however, that it will 
have habitat or other values equaling those of a 
natural wetland nor that such a wetland will be a 
persistent, i.e., long term, feature in the landscape, 
as are many natural wetlands. 

2. Partial project failures are common. 

For certain types of wetlands, total failures 
have been common (e.g., seagrasses, certain 
forested wetlands). Although the reasons for 
partial or total failures differ, common problems 
include: 

* 

* 

lack of basic scientific knowledge; 

lack of staff expertise in design, and lack of 
project supervision during implementation 
phases; 

* . improper site conditions (e,g., water supply, . 
:hydroperiod, water depth,·water velocity, 
salinity, wave action, substrate, nutrient 
concentration, light availability, sedimentation 
rate, improper grades (slopes); 

* 

* 

* 

* 

* 

* 

invasion by exotic species; 

grazing by geese, muskrats, other animals; 

destruction of vegetation or the substrate by 
floods, erosion, fires, other catastrophic events; 

failure of projects to be carried out as planned; 

failure to protect projects from on-site and off
site impacts such as sediments, toxics, off-road 
vehicles, groundwater pumping, etc.; and 

failure to adequately maintain water levels. 
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3. Success varies with the type of wetland 
and target functions including the 
requirements of target species. 

A relatively high degree of success has been 
achieved with revegetation of coastal, estuarine, 
and freshwater marshes because elevations are less 
critical than for forested or shrub wetlands, native 
seed stocks are. often present, and natural 
revegetation often occurs. Marsh vegetation also 
quickly reaches maturity in comparison with shrub 
or forest vegetation. However, some types of 
marshes, such as those dominated by Spartina 
patens, have been difficult to restore or recreate due 
to sensitive elevation requirements. 

Much less success has been achieved to date 
with seagrasses and forested wetlands. The reasons 
for lack of success for seagrasses are not altogether 
clear, although use of a site where seagrasses have 
previously grown seems to improve the chances for 
establishing the plants. Lack of success for forested 
wetlands is due, at least in part, to their sensitive 
long term hydrologic requirements. Such systems 
also reach maturity slowly. 

Although certain types of wetland vegetation 
may be restored or created, there have been few 
studies concerning the use of restored or created 
wetlands by particular animal species. Restoration 
or creation of habitat for ecologically sensitive 
animal or plant species is particularly difficult. 

4. The ability to restore or create particular 
wetland functions varies by function. 

The ability to restore or create particular 
wetland functions is influenced by (1) the amount 
of basic scientific knowledge available concerning 
the wetland function; (2) the ease and cost of 
restoring or creating certain characteristics (e.g., 
topography may be created with relative ease, while 
creation ofinfiltratiQn capacity is difficult); and (3) 
varying probabilities that structural cna:r.acteri'Stics 
will give rise to specific functions. For example 
(note this is meant to be illustrative only): 

* 

* 

* 

Flood storage and flood conveyance functions 
can be quantitatively assessed and restored or 
created with some certainty by applying the 
results of hydrologic studies. Topography is the 
critical parameter and this is .probably the 
easiest parameter to restore or recreate. 

Waterfowl production functions may be 
assessed or created with fair confidence in some 
contexts, due to the large amount of experience, 
scientific knowledge, and information on marsh 
design, and marshes are, relatively speaking, 
easily restored or recreated. 

Wetland aesthetics mayor may not be difficult 



* 

* 

* 

* 

* 

5. 

to restore or create, depending on the wetland 
type and the site conditions. Visual 
characteristics are, in general, much easier to 
restore than subtle ecological functions. 

Some fisheries functions may be assessed and 
restored or created. However, the ability to 
restore or create fisheries habitat win depend 
on the species and the site conditions. 

Some food chain functions may be assessed, 
restored, or created. Other more subtle 
functions are difficult due to the lack of basic 
scientific knowledge and experience. 

Certain pollution control functions (e.g., 
sediment trapping) may be relatively easy to 
assess and create. However, others (e.g., 
immobilization oftoJdc metals) may be difficult 
to create, particularly in the long term because 
of uncertainties concerning the long term fate 
of ponutants in wetlands and their impact on 
the wetland system. 

Groundwater recharge and discharge functions 
are difficult to assess and create. One 
confounding factor is that soil permeability 
may change in a creation or restoration context 
(e.g., a sandy substrate may quickly become 
impermeable due to deposition of organics). 

Heritage or archaeological functions (e.g., a 
shell midden located in a marsh) are 
impossible to restore or create since they 
depend upon history for their value. 

Long term success may be quite different 
from short term success. 

Revegetation of a restored or created wetland 
over a short period of time (e.g., one year) is no 
guarantee that the area will continue to function 
over time. Unanticipated fluctuations in hydrology 
are a particularly serious problem for efforts to 
restore or create wetland types (e.g., forested 
wetlands) with very sensitive elevation or 
hydroperiod requirements. Droughts or floods may 
destroy or change the targeted species composition 
of projects. 

Hydrologic fluctuations also occur in natural 
wetlands. But hydrologic minima and maxima as 
well as ·'normal" conditions exist within tolerable 
ranges at particular locations, othen'vise the 
natural wetland types would not eJdst. Natural 
wetlands have been tried and tested by natural 
processes and are, in many instances, "survivors". 

Long term damage to or destruction of restored 
or created systems may be due to many other 
factors in addition to unanticipated hydrologic 
changes, Common threats include pollution, 
erosion and wave damage, off-road vehicle traffic, 
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and grazing. Excessive sediment is a serious 
problem for many restored or created wetlands 
located in urban areas with high rates of erosion 
and sedimentation. Unlike many natural wetlands, 
restored or created wetlands also often lack 
erosional equilibrium (in a geomorphologic sense) 
with their watersheds. 

6. Long term success depends upon the 
ability to assess, recreate, and manipulate 
hydrology. 

The success of a project depends to a 
considerable extent, upon the ease with which the 
hydrology can be determined and established, the 
availability of appropriate seeds and plant stocks, 
the rate of growth of key species, the water level 
manipulation potential built into the project, and 
other factors, To date, the least success has been 
achieved for wetlands for which it is very difficult to 
restore or create the proper hydrology. In general, 
the ease with which a project can be constructed 
and the probability of its success are: 

* 

* 

* 

Greatest overall for estuarine marshes due to 
(1) the relative ease of determining proper 
hydrology; (2) the experience and literature 
base available on restoration and creation; (3) 
the relatively small number of wetland plant 
species that must be dealt with; (4) the general 
availability of seeds and plant stocks; and (5) 
the ease of establishing many of the plant 
species. However, it is difficult or impossible to 
restore or create certain estuarine wetland 
types due to narrow tidal range or salinity 
tolerances, e.g., high marshes dominated by 
Spartina patens on the East Coast. The same is 
true of estuarine wetlands in regions or areas 
with unique local conditions, e.g., the 
hypersaline soils common in southern 
California salt marshes. 

Second greatest for coastal marshes for the 
same reasons as those given for estuarine 
wetlands. However, high wave energies and 
tidal ranges of the open coast reduce the 
probability of success. 

Third greatest for freshwater marshes along 
lakes, rivers, and streams. The surface water 
elevations can often be determined from stream 
or lake gauging records. There is a fair amount 
of literature and experience in restoring and 
managing these systems. However, vegetation 
types are often more complex than those of 
coastal and estuarine systems. Problems with 
exotic species are common. Determination and 
restoration or creation of hydrology (including 
flood levels) and hydrology/sediment 
relationships are more difficult. This is 
frequently compounded by altered hydrology 
and sedimentation patterns due to dams and 
water extractions. 
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