(HECOLTS e pEATING

| AND
RESTORING
WETLANDS

From Theory to Practice
CHRISTOPHER CRAFT

U



Creating and Restoring
Wetlands

From Theory to Practice

Christopher Craft

Janet Duey Professor of Rural Land Policy,
School of Public and Environmental Affairs,
Indiana University, Bloomington, Indiana

-f '!')\J‘\i~
JiR,_ 15

AMSTERDAM © BOSTON e HEIDELBERG ® LONDON © NEW YORK e OXFORD
PARIS @ SAN DIEGO ® SAN FRANCISCO e SINGAPORE ® SYDNEY e TOKYO



Elsevier

Radarweg 29, PO Box 211, 1000 AE Amsterdam, Netherlands

The Boulevard, Langford Lane, Kidlington, Oxford OX5 1GB, UK
225 Wyman Street, Waltham, MA 02451, USA

Copyright © 2016 Elsevier Inc. All rights reserved.

No part of this publication may be reproduced or transmitted in any form or by any means,
electronic or mechanical, including photocopying, recording, or any information storage
and retrieval system, without permission in writing from the publisher. Details on how to
seek permission, further information about the Publisher’s permissions policies and our
arrangements with organizations such as the Copyright Clearance Center and the Copyright
Licensing Agency, can be found at our website: www.elsevier.com/permissions.

This book and the individual contributions contained in it are protected under copyright by the
Publisher (other than as may be noted herein).

Notices

Knowledge and best practice in this field are constantly changing. As new research and
experience broaden our understanding, changes in research methods, professional practices, or
medical treatment may become necessary.

Practitioners and researchers must always rely on their own experience and knowledge in
evaluating and using any information, methods, compounds, or experiments described herein.
In using such information or methods they should be mindful of their own safety and the
safety of others, including parties for whom they have a professional responsibility.

To the fullest extent of the law, neither the Publisher nor the authors, contributors, or editors,
assume any liability for any injury and/or damage to persons or property as a matter of
products liability, negligence or otherwise, or from any use or operation of any methods,
products, instructions, or ideas contained in the material herein.

ISBN: 978-0-12-407232-9

British Library Cataloguing in Publication Data
A catalogue record for this book is available from the British Library

Library of Congress Cataloging-in-Publication Data
A catalog record for this book is available from the Library of Congress

For Information on all Elsevier publications
visit our website at http://store.elsevier.com/

a Working together
E —4AM8 1o grow libraries in
asvix | BookMd Jeveloping countries

www.elsevier.com o www.bookaid.org



Creating and Restoring Wetlands



RN . FELEARIFAELIE:  www. ertongbook. com



Acknowledgments

This book would not be realized without the efforts of many people. Patricia (Pat)
Combs worked tirelessly to acquire references, edit, format, and proofread text and
she served as my liaison with Elsevier. Kelsey Thetonia, Kate Drake, Jenna Nawrocki,
Michelle Ruan, Kristin Ricigliano, Nate Barnett and Elizabeth Oliver of the School
of Public and Environmental Affairs (SPEA) made and remade figures and graphs.
SPEA PhD student, Ellen Herbert, kept my lab afloat during the 3years the book
took to complete and, for that, I am grateful. SPEA Dean David Reingold made the
book a reality by providing me time, through an extended sabbatical, and resources.
I thank my wife, Teresa, and daughter, Rachel, who have put up with me for 33 and
24 years, respectively. Last but not least, I thank my father, William Hugh (Bill) Craft,
who, when he was not working to raise nine children, was, in his heart, a crackerjack
botanist and teacher. Thanks everyone!






Contents

Acknowledgments

Part One Foundations

1 Introduction
Why Restore Wetlands?
Fundamental Characteristics of Wetlands
Setting Realistic Goals
Theory and Practice
References

2 Definitions
Introduction
Wetland Characteristics
Definitions
Classification Systems
Legal Frameworks
Wetland Ecosystem Services
References

3  Ecological Theory and Restoration
Introduction
Disturbance
Dispersal and Colonization
Succession
Ecosystem Development
Biological Invasions
References

4  Consideration of the Landscape
Introduction
Stressors of Natural, Agricultural, and Urban Landscapes
Wetland Functions and Placement on the Landscape
The Need for a Watershed Approach
Selecting and Prioritizing Sites for Restoration
References

00O 0 W

23
23
24
30
32
35
40
42

47
47
48
51
53
60
62
65

73
73
74
76
78
80
86



vi

Contents

Part Two Restoration of Freshwater Wetlands

5 Inland Marshes
Introduction
Theory
Practice
References

6 Forested Wetlands
Introduction
Theory
Practice
References

7  Peatlands
Introduction
Peat—Origin, Composition, and Geographic Distribution
Peatland Succession
Theory
Practice
References

Part Three Restoration of Estuarine Wetlands

8 Tidal Marshes
Introduction
Theory
Practice
References

9 Mangroves
Introduction
Theory
Practice
References

Part Four From Theory to Practice

10 Measuring Success: Performance Standards and Trajectories
of Ecosystem Development
Introduction
Performance Standards
Trajectories of Ecosystem Development
References

93

95
95
103
105
119

129
129
138
139
152

161
161
163
165
167
170
183

193

195
195
202
203
221

233
233
240
241
255

265

267
267
268
276
283



Contents

vii

11

12

13

Case Studies
Introduction

Saline Tidal Marshes
Freshwater Marshes
Peat Bogs

Forested Wetlands
Urban Wetlands
References

Restoration on a Grand Scale

Saline Tidal Marshes (Delaware Bay, USA)
Mesopotamian Marshes (Iraq)

Freshwater Marshes (Yellow River Delta, China)
Coastal Marshes (Mississippi River Delta, Louisiana)
Mangrove Reforestation (Mekong River Delta, Vietnam)
References

Future of Wetland Restoration

Introduction

Population Growth and Global Food Demand
Eutrophication

Restoration in an Urban World

Climate Change

Wetland Restoration in the Twenty-First Century
References

Index

289
289
289
293
296
298
301
305

309
309
311
313
317
320
322

327
327
328
328
330
330
334
336

341






Part One

Foundations






Introduction

Chapter Outline

Why Restore Wetlands? 5

Fundamental Characteristics of Wetlands 7

Setting Realistic Goals 8

Theory and Practice 10
Disturbance: Identifying and Ameliorating Stressors 12
Understanding Ecosystem Dynamics 13
Accelerating Restoration: Succession and Ecosystem Development 13
Reestablishing a Self-Supporting System 15

References 18

Wetlands, where water and land meet, have a unique place in the development of civ-
ilization. Rice, a wetland plant, feeds 3.5 billion people worldwide (Seck et al., 2012).
Fish, associated with aquatic littoral zones and wetlands, is the primary source of pro-
tein for 2.9 billion people (Smith et al., 2010). Rice (Oryza sativa) was first cultivated
in India, Southeast Asia, and China (Chang, 1976), and fish were raised among the
rice paddies, providing needed protein (Kangmin, 1988). Along the Nile River, early
societies were sustained by fish caught from the floodplains and coastal lagoons of the
delta (Sahrhage, 2008). Civilization prospered along rivers and deltas of the Yangtze
and Yellow Rivers, China; the Irrawaddy, Ganges, and Indus of India; the Nile of
Egypt, and the Mesopotamian marshes of Iraq. Later, cities were established where
land and water meet, on rivers, lakes, and at the sea’s edge, where they were hubs of
transport and commerce. As cities grew, it was convenient to drain or fill the low, wet,
swampy, and marshy areas, the wetlands, to expand.

With the Industrial Revolution in the eighteenth century and its mechanization of
farming and abiotic synthesis of nitrogen fertilizer, large-scale agriculture became fea-
sible. The inevitable result of population growth and the Industrial Revolution was the
widespread drainage of freshwater wetlands to grow food crops. Extensive wetlands
in regions such as the Midwest US Corn Belt and the interior valleys of California
were drained and farmed. Later, large-scale aquaculture, especially shrimp farms, was
carved from the extensive mangrove forests of the tropics. During the twentieth cen-
tury, loss of coastal and freshwater wetlands in temperate regions such as the US,
Europe, and China, was extensive. Developing regions of the tropics were not far
behind with widespread conversion of mangroves and other wetlands to forest planta-
tions and aquaculture ponds later in the century.

Today, the cumulative loss of wetlands in the US, including Alaska, since European
settlement is greater than 30% with much greater losses in the Midwest and California
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4 Foundations

where more than 80% of the original acreage has been lost (Dahl, 1990). Worldwide,
loss of mangroves, tropical coastal wetlands, is on the order of 20-50% (Valiela et al.,
2001; FAO, 2007). In the past 35 years, more than 30% of coastal wetlands and 25% of
freshwater swamps in China, where development has been rapid, have been lost (An
et al., 2007; He et al., 2014). Delta regions are particularly susceptible to wetland loss
as large areas are converted to agriculture (Coleman et al., 2008). Even peatlands are
not immune as extractive industries such as peat harvesting and fossil fuel extraction,
including oil sands of Canada and fossil fuel extraction in Siberia, eat away at the
natural resource.

By the 1970s, increasing recognition of the alarming rate of wetland loss led to
laws such as the Clean Water Act of 1972 in the US, created to protect the nation’s
aquatic resources, including wetlands. A key component of the law was the resto-
ration of degraded wetlands or creation of entirely new ones to compensate for their
loss. Today, government programs such as the Wetlands Reserve and Conservation
Reserve Programs of the U.S. Department of Agriculture offer financial incentives
to restore wetlands. In the Glaciated Interior Plains of the American Midwest, more
than 110,000 ha of wetland and riparian buffers were restored between 2000 and 2007
(Fennessy and Craft, 2011). Restoration of freshwater wetlands on former agricul-
tural land has been implemented in Europe and elsewhere to improve water quality
and increase landscape diversity (Comin et al., 2001). Wetlands also are created and
restored to compensate for their loss from developmental activities such as road build-
ing and urban/suburban construction. Globally, while not legally binding, the Ramsar
convention encourages protection and restoration of wetlands of international impor-
tance (see Chapter 2, Definitions).

Whereas the science of wetland restoration is relatively new, people have been
restoring for years. The earliest restoration projects were reforestation schemes, plant-
ing mangroves for fuel and timber. In Indochina, large-scale mangrove afforestation
dates to the late 1800s or earlier (Chowdhury and Ahmed, 1994). Nearly 100 years
ago, salt marsh vegetation was planted in Western Europe, the US, Australia, and New
Zealand to reclaim land from the sea and to slow coastal erosion (Ranwell, 1967;
Knutson et al., 1981; Chung, 2006). At the same time, freshwater wetlands were being
reflooded to provide waterfowl habitat (Weller, 1994). This was done by government
agencies such as the U.S. Fish and Wildlife Service and by nongovernmental organi-
zations like Ducks Unlimited. These early restoration activities—reforestation, shore-
line protection, waterfowl habitat—focused on restoring a particular function such
as productivity. Restoration today consists of reestablishing a variety of ecological
attributes including community structure (species diversity and habitat) and ecosys-
tem processes (energy flow and nutrient cycling), and the broad spectrum of goods and
services delivered by healthy, functioning wetlands.

Webster’s Dictionary (http://www.merriam-webster.com) defines restoration as
the act or process of returning something to its original condition. In the book, Res-
toration of Aquatic Ecosystems (1992), the U.S. National Research Council (NRC)
defines restoration as the act of bringing an ecosystem back into, as nearly as pos-
sible, its original condition. In this book, I expand on the NRC definition to define
restoration as the act of bringing an ecosystem back into, as nearly as possible, its
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original condition faster than nature does it on its own. This definition contains two
key points. Restoration aims to accelerate succession and ecosystem development by
deliberate means, spreading propagules, seeds, seedlings, and transplants, and amend-
ing the soil with essential nutrients (N) and, sometimes, organic matter. The second
point, from the NRC definition, recognizes that often it is not possible to restore a
wetland to its original, pre-disturbance condition because stressors that degrade the
system cannot be completely eliminated. Many stressors that affect aquatic ecosys-
tems and wetlands, such as flow mistiming, nutrient enrichment, salinity, and other
soluble materials (Palmer et al., 2010), originate off-site and propagate downhill and
downstream where they cause damage. Other stressors, many related to hydrology,
occur on-site and are easier to ameliorate. These include levees, ditches, or placement
of spoil atop the site that can be breached, filled, and removed, respectively.

This book introduces the science and practice of restoring wetlands: freshwater
marshes, floodplain forests, peatlands, tidal marshes, and mangroves. Globally, wet-
land restoration is driven by policies such as the Ramsar convention on wetlands
of international importance, the Clean Water Act of the US, the Water Framework
Directive of the European Union, and others. Arguably, the science of wetland res-
toration, using ecological theory to guide the process, lags behind practice. Wetland
restoration, historically, was more of a cut and fit process, applying well-developed
techniques used by agronomy and forestry. These techniques were initially employed
on surface-mined terrestrial lands where the goal was to reclaim the land for forestry,
rangeland, or wildlife habitat. In these mostly terrestrial ecosystems, lack of fresh-
water often slowed the restoration process and so the idea of flooded or saturated soil
hydrology was seldom considered. From a scientific perspective, ecological concepts
such as disturbance, succession, and ecosystem development provide a framework
to understand what is needed (or not needed) to successfully restore wetlands and
other ecosystems. An understanding of ecosystem dynamics, energy flow and nutrient
cycling, and the natural history of wetland plants and animals also is critical. Last but
not least, one cannot understate the role that humans, through activities that disturb
and degrade natural systems and their efforts to repair the damage, play in restoring
wetlands.

Why Restore Wetlands?

Why the interest in restoring wetlands? There are two reasons. (1) There has been dra-
matic and widespread decline in wetland area as noted above. Nearly all of the losses
are caused by human activities, drainage, placement of fill, nutrient overenrichment,
and other waterborne pollutants. Extractive activities such as peat harvesting and min-
ing of sand and other construction materials also contribute to the loss. There is an
old saying that you do not appreciate something until it’s gone, and with wetlands
there is truth to that. (2) The benefits that wetlands provide to society (Table 1.1).
Mostly unappreciated in the past, it is widely recognized that wetlands provide valu-
able services such as high levels of biological productivity, both fisheries and water-
fowl, disturbance regulation including shoreline protection and floodwater storage,
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Table 1.1 Ecological Functions and Services of Various Types
of Wetlands

Floodplain/riparian Water quality improvement (sediment trapping,
denitrification)

Biological productivity (including C export to
aquatic ecosystems)

Floodwater storage

Biological dispersal corridors

Biodiversity

Freshwater marshes Biological productivity (waterfowl)
Biodiversity

Peatlands Carbon sequestration
Biodiversity

Tidal marshes Shoreline protection

Biological productivity (finfish and shellfish,
outwelling of nutrients)

Water quality improvement

Mangroves Shoreline protection

Biological productivity (finfish, shellfish, outwelling)

Water quality improvement

water quality improvement through sediment trapping and denitrification, and habitat
and biodiversity.

It is recognized that different types of wetlands provide different kinds and levels
of ecosystem services. Wetlands with strong connections to aquatic ecosystems such
as floodplains, tidal marshes, and mangroves maintain and enhance water quality by
filtering pollutants. They also regulate natural disturbances and perturbations by stor-
ing floodwaters, dissipating wave energy, and protecting shorelines. Some wetlands
possess high levels of biological productivity that support commercial and recreation
finfish populations, shellfish harvesting, and breeding waterfowl populations. Fresh-
water marshes of the prairie pothole region in the north central US and Canada are
critical breeding habitat for North American ducks (Batt et al., 1989). Wetlands of
the far north in Canada and Siberia are essential to breeding populations of cranes
(Kanai et al., 2002; Chavez-Ramirez and Wehtje, 2012). Coastal wetlands, saline tidal
marshes, and mangroves, contribute to aquatic food webs by serving as habitat for fish
and crustaceans and by outwelling or exporting organic matter that supports heterotro-
phic food webs. Forested wetlands, riparian areas, and floodplain forests, support food
webs of aquatic ecosystems, including streams and rivers. Wetlands that lack strong
surface water connections such as peatlands sequester large amounts of carbon and
support high levels of plant biodiversity.

Wetland restoration projects vary in their goals, scope, and costs. It is difficult to
evaluate costs versus benefits of wetland restoration projects because it is hard to
assess the economic value of various ecosystem services (see Chapter 2, Definitions).
Bernhardt et al. (2005) reviewed the number and cost of various aquatic ecosystems



