Preface

The study of wetland plants has been of interest to botanisls for many vears, but the need
to identify and understand these plants has expanded dramaltically since the 1970s. At that
time, ecologists began to make known the vital role that wetlands play in our landscapes.
The image of wetlands has shifted from that of mosquito-ridden wastelands to natural
areas of critical importance. Because the field of wetland ecology has expanded, so has the
stucly of the plants that thrive there, and their role in ecosystem dynamics. Today, many
professionals are expert in the identification of wetland plants and identification courses
are regularly taught throughout the U.5. and elsewhere. Whether readers are working with
wetlands in their professions, or novices to the field, we hope to convey an understanding
of the habitat, life histories, and adaptations of these plants.

Wetland plants are interesting not only because they help us identify the boundaries of
a wetland, but also because of their unique evolutionary strategies for coping with life in a
saturated environment. Of approximately 250,000 described angiosperm species, only a
small proportion has-adapted to life in the water or saturated soils. The ways in which this
evolution from land to water occurred are numerous and the group of plants we discuss
here is far from uniform in this regard.

More than half of the wetlands of the U.S, have disappeared since the time of European
settlement and many of the remaining areas are threatened by human alterations to the
landscape. In Europe, virtually no wetlands are in their natural state. This rapid habitat loss
has placed many wetland species on threatened and endangered species lists. And, as in
other ecosystem types, invasive plants have displaced many native or more desirable
species. In some ecosystems, invasives present almost as great a threat to wetland plants as
cutright destruction of the ecosystem. Gaining an understanding of wetland plants and
their habitats is a critical first step in helping to combat these losses.

We refer to the plants covered here as wetland plants, wetland macropingtes, and
hydraphytes. Our discussion includes vascular plants that grow in or on water or in satu-
raled soils. These include submerged, emergent, floating, and floating-leaved species. The
vast majority of vascular plants that grow in these conditions are angiosperms, and our dis-
cussion centers almost exclusively on them. We also discuss a few exceptions, such as
Taxodiem distichum (bald cypress) and Larix laricina (tamarack), both gymnosperms that
inhabit wetlands. Some pteridophytes, or ferns and fern allies, are also adapted to wetland
conditions and they are mentioned, though not extensively discussed. We include species
of bath freshwater and saline wetlands. Most of our discussion involves wetlands of the
temperate zone; however, we have included mangrove forests, a subtropical and tropical
wetland type. Species of algae are not discussed, but they are covered as a component of
wetland primary productivity, and methods to measure phytoplankton and periphyton
primary productivity are discussed. Bryophytes, or mosses, are discussed as the basis of
peatland systems and as one of the driving forces in their substrate chemistry. However,
species of bryophytes and their specific adaptations and reproduction are not covered. The
plants adapted to flowing water environments and to marine habitats are not specifically
discussed.




Plant names follow the U.S. Fish and Wildlife Service's National List of Plant Species
that Occur in Wetlands (Reed 1997), and where plants outside the U.5. are named, we refer
to the literature reference in which the plant is named. Family names follow Cook’s 1996
book, Aquatic Plant Book. Cook sometimes provides equivalent or older names for families
and we give these in parentheses following the family name. The names of orders are
according to a recent re-classification of angiosperm families by the Angiosperm
Phylogeny Group {1998). The names of species formerly all classified in the genus Scirpus
(bulrush) have been undergoing a number of name changes. In a classification scheme pro-
posed by Smith and Yatskievych (1996), the genus was divided into five genera (Scirprus,
Schoenoplectus, Bolboschoenus, [solepsis, and Trichorphorum). The recent literature is mixed
regarding the adoption of the new names. For the species found in the U.S., we use the
names as they appear in Reed 1997, For species found outside of the U.5., we use the name
used by the authors of the papers we cite in each instance. In each chapter, the first time a
species, genus, or family is mentioned, we give the scientific name first and follow it with
the common name in parentheses. Subsequent mentions of the plant use only the scientific
name, often with the genus abbreviated to the first letter (i.e., Phragmites australis becomes
F australis after the first time it is mentioned in any given paragraph or section}. Some
plants have no common name, or at least none that we were able to find in English, so for
these, none is mentioned.

Wetland Plants: Biology and Ecology is a synthesis of current research on wetland plants
and their communities. In our introductory section (Chapters 1 through 3), we present gen-
eral information about the growth forms, evolution, distribution, and diminishing habitat
of wetland plants. We also discuss wetland classifications and definitions and broad tvpes
of wetland ecosystems such as salt marshes, mangrove forests, riparian wetlands, and
peatlands. To understand wetland plant evolution and life history strategies it is vital to
understand the abiotic conditions that set the boundaries for their growth. A brief expla-
nation of some important hydrological principles is provided in the first section of Chapter
3, with an emphasis on how wetland hydrology shapes the plant community. The second
half of Chapter 3 covers other important factors for plant growth such as substrate type,
salinity, and nutrient availability.

Part 2 is devoted to a discussion of the adaptations and reproduction of wetland macro-
phytes. In Chapter 4 we discuss the adaptations of wetland plants to anoxia, salinity, and
other stresstul conditions for growth. Chapter 5 covers wetland angiosperm reproduction,
both sexual and asexual, as well as adaptations of pollen and pollination mechanisms, and
methods of seed dispersal.

In Part 3, the function, dynamics, and potential disturbances of wetland plant commu-
nities are discussed. Chapter 6 provides background on the concept of primary produc-
tivity and the history and methods of its measurement. Primary productivity is of partic-
ular interest in wetland studies because some types of wetlands are among the most
productive ecosystems in the world. We focus on methods in this chapter because the
results depend so heavily on the method chosen. In Chapter 7 we discuss community
dynamics. Specifically, we cover ecological succession, with a look at the classical idea that
wetlands are a sere, or successional stage, between lake and terrestrial ecosystems; we look
as well at material that refutes that idea. We also include competition in Chapter 7.
Competition influences the diversity and composition of plant communities and many
plant strategies have evolved to compete for both space and resources. In Chapter § we
give examples of invasive plants and describe techniques used, with varying degrees of
success, lo control them. The ecological implications of invasive species are also discussed.




Applications of wetland plant study are discussed in the last two chapters (Part 4). We
present research on the development of plant communities in newly restored or created
wetlands, including the role of plants in wetlands constructed to improve water quality
{Chapter 9). The interest in restoring degraded aquatic ecosystems is growing exponen-
tially, and an understanding of wetland plant community dynamics is critical in planning
successful restoration efforts. Indeed, it is often vegetation establishment that is used as a
benchmark of success in restoration projects. Planting and seeding techniques, the use of
seed banks, including the use of salvaged soils, and the design aspects of restoration plan-
ning are covered. The uses of wetland plants as indicators of ecological integrity and of
wetland boundaries (delineation) are covered in Chapter 10. The use of wetland plants as
biological indices of ecosystem integrity is currently under study and we present methods
for choosing and testing plant indicators. We also discuss the history of wetland delin-
eation, the ecological principles behind it, and its current status.

Wetland Plants: Biology and Ecology is intended for wetland professionals, academi-
cians, and students. Professionals whose plant identification skills may be well honed
from delineation experience will be interested in a comprehensive reference on the ecology
of aquatic plants. The book may also serve as a text for courses on wetland plants, aquatic
botany, or wetland ecology. This book will be best for upper-level undergraduates or grad-
uate students. A textbook for wetland plant courses has not been available in the past. We
have found that without a textbook, students are at a disadvantage to understand and inte-
grate course material. For this reason, we have tried to gather the information necessary
for such a course under one title. To use this book, a basic knowledge of botany and ecol-
ogy is helpful, but not essential, as we try to provide enough background for those who
are learning on the job or who are catching up on background material as they learn new
subject matter.

Many of our colleagues provided helpful suggestions, information, and critical com-
ments on portions of the book. Brian Reeder reviewed the entire manuscript and provided
useful constructive comments, suggestions, and references. We very much appreciate the
time, enthusiasm, and energy he devoted to this project; even more, we are grateful for his
generosity and friendship. We would also like to thank Bob Lichvar, James Luken, John
Mack, Irving Mendelssohn, Bob Nairn, Diane Sklensky, and Courtenay Willis who each
took the time to carefully review chapters. Brad Walters provided constructive comments
on one of our case studies as well as a number of helpful articles and photographs. Andy
Baldwin, Ernie Clarke, Joe Ely, Mark Gernes, Stan Smith, and Gerald van der Velde sent
figures, photographs and /or useful articles and information. Donald Hey kindly allowed
us to use a photograph from Wetlands Research, Inc. The biology department at Kenyon
College provided logistical support for which we are thankful. John Schimmel, the direc-
tor of the Ebersole Environmental Center, was generous in allowing J. Cronk freedom and
time to work on this project. Portions of the chapter on primary productivity were origi-
nally conceived as a review article and we appreciate the comments of two ANOMYymous
reviewers of that manuscript. Two anonymous reviewers provided helpful comments on
the proposal for this book, and we used several of their ideas. We are also grateful to Randi
Gonzalez, the late Arline Massey, Bob Caltagirone, and Jane Kinney (formerly with CRC
Press) at Lewis Publishers /CRC Press,

Qur students inspired us to wrile in the first place. Their expectations for excellence are
the impetus for our search for answers. We would particularly like to mention the contri-
butions, ideas, and inspiration provided by Jessen Book (who also made excellent editor-
ial comments), Christina Bush, Clement Coulombe, Eric Crooks, Brenda Cruz, Julie
Latchum, Amanda Nahlik, Laura Marx, and Abby Rokosch.




Our friends and families have been supportive and helpful throughout the years it took
to write this book. Hugh Crowell was instrumental in the completion of this book; he care-
fully edited every chapter, table, and figure. He provided critical comments, found new
references, and suggested many ways to improve the book, His help and support and his
knowledge of wetland science and botany have been crucial every step of the way. Hugh
took the great majority of the original photographs for this book, sacrificing three years of
Saturdays and vacations to finding plants and taking their pictures. Hugh solved the many
computer-related problems that arose along the way, as well. We thank Ted Rice for his
moral support, and for creating space in which S. Fennessy could write. His boundless
belief in our abilities inspired us. Ted also contributed many of his exceptional photos to
this volume. We thank Kay Irick Moffett for photographing Tamarix ramosissima and for
her steadfast support of this project. Carolyn Crowell's knowledge of the ecology of Cape
Cod’s salt marshes enhanced our own and led ta several photographs used in the book.
We are grateful to Barb Zalokar, who applied her exceptional skill and talent to several
original figures for the book. Dean Greenberg graciously allowed us to use one of his pho-
tographs. We especially thank our children, Seth Crowell and Nora and Thomas Rice, for
their patience, help, and wonderful ideas.

CQur love of wetland ecology was originally inspired by William J. Mitsch. For all the
advice, enthusiasm, and encouragement that he has given us over the years, we are grate-
ful. We dedicate this book to him in recognition of all that he has given us,

Julie K. Cronk
M. Siobhan Fennessy
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