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Foreword

National Water Summary on Wetland Resources is the eighth in a series of reports that describes the condi-
tions, trends, availability, quality, and use of the water resources of the United States. This volume describes an
often-pverlooked water resource—wetlands. It gives 2 broad overview of wetland resources and includes discus-
sions of the scientific basis for understanding wetland functions and values; legislation that regulates the uses of
wetlands; wetland research, inventory, and evaluation; and issues related to the restoration, creation, and recovery
of wetlands. In addition, it presents more-specific information-~types and distribution, hydrologic setting, trends,
and conservation—on the wetland resources of each State, the District of Columbia, Puerto Rico, the U.S. Virgin
Islands, and several Pacific islands over which the United States has jurisdiction,

Wetlands serve as a transitional environment between water bodies and dry land and represent a significant
part of the Nation’s natural resources, They contain economically important timber, fuel, and food sources:
provide esthetic and recreatmnal opportunities; and influence the quantity, quality, and ecological status of water
bodies, which include rivers, aquifers, lakes, reservoirs, and estuaries. Wetlands owe their existence, in part. to
precipitation, streams, lakes, ground water, and oceans and, in return, perform important functions that affect the
quantity and quality of these wafer resources. Although wetlands are best known for their function as habitat for
birds, fish, and other wildlife, their less well known hydrologic and water-quality functions provtde such benefits
as reducing the severity. of ﬂoedmg ancE erosmn by modifyx ng ihe flow Of water or ;mprovmg water guality by
filtering out contaminants. 7

Public and scientific: V:ews of wetlauds have changed greaﬂy evcr ﬁme ()raiy a few. decades ago, wetlands
were generally considered:tobe of little: orno value. Those who: dliminated wetlands through draining or filling
were thought of as performmo a pabhc service. The role of the wetlands as'a breedmg ground for disease (prima-
rily malaria) and their inability. 1o be expimted for agr;cuitural production ‘caused them to be viewed as an eco-
nomic “bad” rather than as a public “good,” as they are viewed today. Because of new scientific knowledge, as well
as a change in values (as'manifested i our Nation's environmental Iawg) ‘efforts to ehmmate wetlands are viewed
in & negative light by many: In fact; government and pﬂvate cmzens are malgmg mvestments inthe preservatmn
remediation, or creation ‘of wetlau&s RIREAIE

Although we now understand some: of the beneﬁts of Weﬂands ami government agenmes have established
programs 10 protect them;’ wetiand—pmtection policies remaina controvérsial gublic issue, In keeping with its mis-
sion, the U.S, Geological Suivey (USGS) has’ p:epareé this neport with the intent of mfmmmg public ‘officials,
scientists, and the general public about wetlands. Our purposeistoincrease and help improve the understanding of
this valuable resource and 'provxde the scientific mformanea base upony which wise deczsmns tegarding the'clas-
sification, use, medlﬁcauo or restoration of weffands can be made. “The hydrologic, ‘biological; and economic
consequences of these decisions :
these issues but hopes to.imake’a pomtwe contribuhon 10 the process whereby these decisions are made,

The USGS is anearth science mformatmﬁ agcacy It collects; manages, and. dassemmates data; conducts inter-.

pretive scientific studies and research; and’ pubilshes the: results «of these efforts in many forms. The work of the
USGS is organized into four thematic areas-—resources, hazards, environment, and’ mformatmn management.
Wetlands are addressed in eac%a of. these areas. For example, some wetlands play an integral role i in water-resouzce
availability because they are: mq;ar -discharge areas for some aquers Some wetlands relate to the hazards theme
through their role in the mitigation of floods. Wetlands are affected by ezmromnental changes, such as changes in
the source or distribution of water, and, in turn; cause changes in the environment, such as shifts in vegetationor in
habitat for birds, fish, and other animals; stidies of these’ changes tie into the environmentat theme. And, finally,
with respect to the information management theme, the process of classifying, monitoring, and understanding
wetlands is dependent upon the hydrologic, geologic, and topographic data collected by the USGS.

The USGS has taken this opportunity to draw on the expertise of the many agencies and organizations that
have missions directly or indirectly related to wetlands to provide a broad background for government officials,
water-resource managers, and the general public. You will note that many of the chapters of this volume have
authors from other agencies with key roles in research, classification, or management of wetlands. Production of
this volume was a team effort, just as management of wetlands is a team effort. We thank ouwr colleagues in the
many other agencies that belped make this report possible. I would like to pay special tribute to the late Dr. Edward
T. LaRoe of the National Biological Service, coauthor of the chapter on research. He was a leading wetland re-
searcher and played a pivotal role in the evolution of all biological research in the U.S. Department of the Interior.

Though this volume merely touches on the many and varied aspects of wetlands, it provides a starting place for
farther study and a base upon which to begin to understand the values of wetlands fo the Nation. We hope it is
usefol, and we welcome your comments on this volume, as well as on our other products.

LA

DIRECTOR

are snbstantial and often politically. contentions. The USGS takes no pesztxon on

i)



Hidden River near Homosass.a.s.?riﬁgs,'-Fior%da. -{Phoiagféph '.byj&d’y D.'.Ffetﬁ/é.ll,. |
U.5. Geological Survey.)

There has been a lot said about the sacredness of our land which is our body,
and the values of our cufture which is our soul. But water is the blood of our
tribes, and if its life-giving flow is stopped, or it is polluted, all else will die and
the many thousands of years of our communal existence will come to an end.

Frank Tenorio, Governor, San Felipe Pueblo, 1978
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Executive Summary

This National Water Sumomary on Wetland Resources documents wetland resources in the United States.
It presents an overview of the status of our knowledge of wetlands at the present time-—what they are, where
they are found, why they are important, and the controversies surrounding them, with an emphasis on their
hydrology. The “State Summaries of Wetland Resources™ part of this National Water Summary describes
wetland resources in each State, the District of Columbia (combined with Maryland}, Puerto Rico, the U.S,
Virgin Islands, and the Western Pacific Islands. The following discussion is a summary of the two parts of
this book—"Overview of Wetland Resources” and “State Summaries of Wetland Resources.”

OVERVIEW OF WETLAND RESOURCES

The Overview of Wetland Resources part of this National Water Summary consists of three sections—
“Technical Aspects of Wetlands,” “Wetland Management and Research,” and “Restoration, Crestion, and
Recovery of Wetlands”—that contain 11 articles providing information on many technical and societal as-
pects of wetland resources. The following text summarizes the many facts about wetland resources that these
articles report.

Technical Aspects Of Wetland Resources

Wetlands began disappearing soon after permanent European colonization of the United States. More
than one-half of the 221 million acres of wetlands that existed at that time have disappeared; only 103 mil-
lion acres remain today. Early in this Nation’s history, it was believed that wetlands presented obstacles to
development and that wetlands should be eliminated. Federal laws provided incentives for “reclaiming” wet-
lands. Only recently people have begun to recognize wetland values and attempted to find ways to preserve
them, including changing Federal laws. These attempts have slowed the rate of wetland loss, but losses con-
tinue today. The history of wetland Tosses in the conterminous United States from the time of the first perma-
nent European settlement and changes in societal attitudes toward wetlands are documented in “History of
Wetlands in the Conterminous Usnited States.”

Although there is controversy over the precise, legal definition of a wetland, wetlands are scientifically
defined by their hydrology, vegetation, and soils. The many different types of wetlands, found in many dif-
{erent geographic settings, have different functions. Wetlands can be grouped according to these differences
using a nationally consistent terminology (Cowardin and others, 1979) to identify mapping units for Federal
and State wetland inventories and to determine wetland status and trends that can aid in planning and man-
agement of the resource. The different types of wetlands and the classification systems describing them are
presented in "Wetland Definitions and Classifications in the United States.”

An understanding of the basic hydrologic processes that contrel the formation, persistence, size, and
functions of wetlands is necessary for determining appropriate protective measures for particular wetlands
and for determining the success of those measures. The source and distribution of water is a major factor in
the differences in wetland types and distribution across the couniry. Both a favorable geologic setting and an
adequate and persistent supply of water are necessary for the existence of a wetland. Different wetlands re-
ceive water from different sources; ground water, streams, lakes, tides, snow, and rain. The source of water
largely determines its quality, which in turn Is largely responsible for wetland vegetation. The wetland veg-
etation affects the value of the wetland to animals and people. Wetlands provide many beneficial water-re-
lated functions. Some wetlands provide flood control, some provide water for aquifers, others feed streans,
some modify climate, others improve water quality, some help maintain the salt balance necessary for estua-
rine life, and still others control erosion. “Wetland Hydrology, Water Quality, and Associated Functions”
describes the different water-related factors that determine what types of wetlands will be established and
what functions each will perform,

One of the best known functions of wetlands is as habitat for birds, About one-third of the North Ameri-
carn bird species use wetlands for water, food, shelter, or breeding. About 138 of the 1,900 bird species in the
conderminous United States are wetland dependent. For wetland-dependent birds, habitat loss or degrada-
tion usually translates to population loss. Some international treaties—The Migratory Bird Treaty and the
Ramsar Convention—are partly responsible for much of the formal wetland protection in this country. “Wet-
lands as Bird Habitat™ discusses the relation of birds and wetlands and the effects of wetland losses on birds,
and describes some efforts to reduce wetland loss.

Wetland Management And Research

Many of the benefits that wetlands provide accrue primarily fo the general public instead of the private
landowners, Landowners usually have few incentives to conserve wetlands that fulfilt the needs of the gen-
eral public. The Government, therefore, provides incentives and regulates and manages some wetland re-
sources to protect the resources from degradation and destruction. Despite current recognition of wetland
benefits, potentially conflicting interests stifl exist, and disagreement on how to protect wetlands has fed to
differences in local, State, and Federal guidelines. Current wetland-protection regulation commonly requires
that wetland loss to development be offset by replacing wetlands by means of mitigation. Section 404 of the
Clean Water Act and the “Swampbuster™ program are two major Federal vehicles of wetland protection. Coastal




4  National Water Summary--Wetland Resourses: EXECUTIVE SUMMARY

sources Act, Major Federal legistation and initiatives that affect wetlands are discussed in “Wetland Protec-
tion Legislation,” . .. .

“"The recent undersiandmg of weﬁand va]ues and the benefits thai they ;}rque has been broadened by the
research efforts. In'1992, wetland research was being ¢ done by 18 Federal agencies—12 of which had expen-
‘Qitures of $1 million or more-—as part of their mission or responsibilities defined by Congress. In 1992, Fed-
eral wetland rﬂsea:ch ex;aendﬁares totaled about $63 million. Ecological processes and funcilons differ with
wetland type; therefore, research needs and techmc;acs also differ. Types of Federal wetland research fall
into one of the following broad categones weltland processes, wetland functions, human-induced stresses,
delineation and identification, and management. Research needs also differ among agencies; nevertheless,
efforts are coordinated to share mformatmn and to avoid duplication, Disappearing coastal and bottom-land
hardwood wetlands are among the major areas of research. These and other areas of research are discussed
in “Wetland Research iay Federal Agencies” ... .

Weﬁand mapping is a‘prerequisite for wetland mvenicry, regulation, masagement protection, aad tes-
torat:on Map_s_a_r:; used to.analyze wetland trends and the effects of projecis, pohcles and activifies on wei-
lands, The U.S. Fish and Wildlife Service. has 2 major. responmblhty for. the mapping and inventory of the
Nation’s wetlands as mandated by legislation enacted in the past 40 years. This responsibility is satisfied
through the agency’s National Wetlands Inventory program by producing maps, establishing a wetland data
base, publishing and distributing reports on the status and trends of wetlands in this country, and by provid-
ing other products related o the identification, mapping, ané mvenmry of wetlands. To date, the National
Wetlands Inventory has ;n'oduced more thars 43,300 miaps, covering more than 83 percent of the contermi-
Nous Thnited: States, 28 paz’cent of Alaska,; and all'of Hawaii and the U8 Territories. Other Federal agencies
with-wetland mapping and inventory activities, specific 10 their missions; ate the Natural Resources Conser-
vation Service’ (fOI‘IHSI‘Ey known as'the Soil Conservation Service)—fréshwater wetlands with the potential
for agricultural conversion; the ‘Natiohal Oceanic and Atmospheric Administration-—coastal wetlands asso-
ciated ‘with marine resources;’ and the'U.8. Geological Survey———geograpmca}lv significant 'wetlaﬁds Mere
information can ‘be found in “Wetland Mapping and Inventory.” -

- Placing a valiie 'on ‘wetlands facilitates' decisions on which sites should be developed to ensure that the
most valuable wetlands are preserved. The value of a wetland lies in the benefits that its habitat, water-qual-
ity, and hydrologic functions provide to'the enviromment orto people. Economic value can be placed on some
wetland products, but true value goes beyond: money. Some wetland values extend beyond the perimeter of
the wetland and provide benefits'on & local, regional, or global scale. Several systems of wetland evaluation
have: %)een orare being: developed to assign numerical values to wetland-functions in-order to allow for the
comparison of the worth of one wetland to anothér. The article “Wetland Functions, Values, and Assessment”
discusses three different wetland évaluation methods-—the Federal Highway Administration’s “Wetland
Evaluation ’Iéchmqae,” the U.S. Env;reﬂmﬁnml Protection Agency’s “Environmental Monitoring Assessment
Progz‘an1-—Wetiaﬁds * arad the U S Army CGI}JS of Engmeer 3 “Hyérogeomorphic ‘Approach.”

Restorahon, Creat:on, And Recovery

For the past few centuries Wetlam:is have beeﬁ dramed or altered to accommodate human needs. This
continues to happen, although at a slower rate thap in the past. As people have begun to recognize what is
lost when wetlands are destroyed, &fforts have been made to testore lost wetlands or to create new ones.
Restoration and- creation of wetlands can-help maintain the quality of wetlands and their surrounding eco-
systems, and at the same time accommodate the human need for development. Although indications are that
some replacement can be successful, fall functional replacement has not yet been demonstrated. This is, in
part, because of the youthy of most restoration and creation projects and, in part, because of the lack of followup
on most projects. Scientific knowledge about wetland restoration and creation differs by wetland type, func-
tion, and location. We know most about interfidal salt marshes and know much less about replacing forested
wetlands because of the time needed for. wesdy vegetation to mature. The more complex the hydrology and
ecoiegy of a.system, the more difficult it is fo restore 1he system; complete restoration might be impossible
in sorne systems. The ecosystems least likely to be replaced are bhogs and, fens that have developed over thou-
sands of years. “Wetland Restoration.and Creation” discusses what is involved in restoring and crcaimg
wetlands and chances of being successful. -

In August 1992, Hurricane Andrew caased massive éestrucizon in southern Florida and in Lommanaw
two States with some of the 1argest wetland acreages in the country. The storm passed directly over the Florida
Everglades—ihe largest wetland comylex in the United States—and the Aichafalaya River Basin, La., which
contains the largest hardwood swamp in the United States. Althongh there were some immediate detritien-
tal effects on plants and animals, the Jong-term effects seem to have been minimal in Florida. In Louisiana,
the hwrricane may lave hastenéd the coastal'erosion and wetland deterioration processes that were already at
work. “Bffeets of Harricane Andrew (1992) on Wetlands i in Southern F‘Iarzda And Louzmana describes the
effects of this major hurricane on'these wetlands. "~

*The Great Midwest Flood.of 1993; in‘the Mississippi and Missouri Raver Basins, was the most dev&stasn
ing ficod in United Stated history, The aréal extent, intensity, and long duration makes this flood unique in
the 20th century. Effects of the flood were both detrimental and beneficial to wetlands. Trees were uprooted,
islands were erodéd, many wetland plants were destroved, and several bird-species fledged few young. Massive
sedimentation buried mussels; mammals displaced from the flood plain suffered higher than normal mor-

" wetlands are prowded some protection by the Coastal Zone Management Act-and the Coastal Barriers Rew
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talities on highways and railroads; the floodwaters transported large ameunts of contaminants and nutrients
into and-down streams; nuisance plants replaced native vegetation; and turbidity made it difficult for some
fish to feed. Neveriheless, some fish spawn and feed oninundated flood plains when temperature rise
accompanies flooding-—-which was the case in this flooding: Alsc, some fish habitat was improved by the
creation of deep scour holes and massive underwater debris piles that provide cover. Effects of the flooding
are discussed in “Effects of the Great Midwest Flood of 1993 onWetlands.” o

STATE SUMMARIES OF WETLAND RESOURCES

“ State Summaries of Wetland Resources in this National Water Summary provides an overview of the
wetland resources ‘of the 30 States, the District of Columbia {combined with Maryland), Puerto Rico, the
U.S. Virgin Islands, and several Pacific islands over whose wetlands the United States has some form of
jurisdiction. (The term “State” is used in‘the’ foliowmg discv,ssxon for 311 these geeuraphtc areas.) The State
summaries contain‘the following sections:

.

Types and Distribution
Wetlands in the United States are of many types. Some of the more familiar names for different kinds of
wetlands are swamp, marsh, bog, playa, tideflat, prairie pothole, and pGnd Examples of lesser known, local
names for different wetland types are cienega, pocosin, muskeg, wet pine flatwoods, and willow carrs. The
’Iypes and Distribation” section of each State summary contains 2 brief discussion of the wetland types in
the State and relates the common, locally known wetland names to the classification system used by Federal
agencies to identify and delineate wetlands (see the article “Wetland Definitions and Classifications in the
United States” in this volume for an extensive discussion of wetland types and classification).

ALASKA
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HAWAIL WETLANDS AND DEEPWATER HABITATS
- s & & N Distribution of wetlands and deepwater habitats-—
. e Hay This map shows the approxdmate distribution of large
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The “Types and Distribution” section of each State summary also contains a brief discussion of wetland
distribution in the State and a map that shows the general distribution of major wetlands. The State maps
were derived from anational map that was compiled by the 1.5, Fish and Wildlife Service (fig. 1). Because
the data used to compile the map differ in reliability from State to State, the distribution of wetlands shown
should be considered approximate. Also, because smuall areas physically cannot be represented at the scale at
which the map was compiled, only relatively large wetlands are shown.

Hydrologic Setting

Wetlands can form almost anywhere that water remains on
or near the land surface for an extended period. Some wetlands
are ephemeral, containing water for only a few weeks in spring,
whereas others are permanently inundated. In arid regions,
some wetlands are wet only in years when rainfall is much
above nrormal.

The factors that determine where and when wetlands form
include precipitation amount and timing, evaporation and tran-
spiration rates, topography, and geologic characteristics {(see
“Wetland Hydrology, Water Quality, and Associated Functions™
in this volume for a discussion of wetland hydrology). The *“Hy-
drologic Setting” section of the State sumnaries provides an
overview of the factors that determine wetland hydrology in
each State.

Trends

The area of wetlands in the conterminous United States has
decreased by about one-half since the founding of the Nation
in the late 1700% (Dahl, 1990}, and the decline is continuing.
The “Irends” section of each State summary contains a brief
accounting of wetland losses and gains and lists the major
causes of wetland loss. (For a national perspective of wetland
trends, see “History and Trends of Wetlands in the Contermi-
nous United States” in this'volume.)

Conservation

Wetland-conservation efforts are carrited oat by Federal,
State, and local gevernment agencies; many private organiza-
tions also work to conserve wetlands. The “Conservation™ sec-
tion of each State summary provides an account of the
wetland-conservation activities on each of those levels. In-
cluded are primary Federal, State, and local regulations affect~
ing wetlands, as well as a discussion of other aspects of wetland
conservation, such as management, land acquisition, planning,
mitigation, research, restoration and creation, delineation, in-
verory, education, and many more. (For a discussion of regu-
fatory legislation pertaining to wetlands, see “Wetland
Protection Legislation” in this volume.}

Each State summary contains a table (such as the accom-
panying table for Maryvland and the District of Columbia) that
lists selected wetland-related activities of Federal, State, and
focal government agencies and private organizations in the
State. The information contained in the table and in the “Con-
servation” section was compiled in 1993; because of the often dynamic nature of government bureaucracies
and agency responsibilitics, the names of agencies and the activities listed for them can be considered reli-
able as of that date and no later.
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State Summary Highlights

Following are a few notable facts about the wetlands of the 50 States, the District of Columbia, Puerto Rice,
the Virgin Islands, and several islands of the Pacific Ocean, as reported in the State summaries:

Alabama
Wetlands cover about 10 percent of Alabama and range in size from small areas of less thar an acre to the
100,0600-acre forested tract in the Mobile-Tensaw River Delta. Most of the State’s forested wetlands are
bottom-land forests in alluvial flood plains. Coastal waters support extensive sall marshes. Wetland acreage

- in the atea that is now Alabama has been reduced by about ene-half in the last rwo centuries. Major causes of
wetland loss or alteration have been agricultural and silvicultural conversions in the interior; dredging on the
coast; industrial, commercial, and residential development; erosion; subsidence; and natural succession of
vegetanon.

Alaska
Alaska has more area covered by wetlands—about 170 million acres—than the other 49 States combined.
More than 70,000 swans, 1 million geese, 12 million ducks, and 100 million shorebirds depend on Alaskan
wetlands for resting, feeding, or nesting. Freshwater Alaskan wetlands include bogs, fens, tundra, marshes,
and meadows; brackish and saltwater wetlands include flats, beaches, rocky shores, and salt marshes. Most
of the State’s freshwater wetlands are peatlands (wetlands that have organic soils), and cover as many as 110
million acres. Alaska's coastal wetlands are cooperatively protected and managed by local governments, rural
regions, and the State.

Arizona ;
Less than | percent of Arizosa’s landscape has wettands. Since the iate 1800, streams and wetlands through-
out Arizona have been modified or drained, resulting in the loss of more than one-third of the State’s original
wetlands. The most extensive Arizona wetlands are in riparian zones and include oxbow lakes, marshes,
rienegas, and bosques. Noariparian wetlands include tinajas, playas, and caldera lakes. Extreme aridity and
seasonally varying precipitation are the climatic characteristics that most significantly influence wetland
formation and distribution in Arizona. Recreational use of wetlands provides economic benefits to the State.

Arkansas
About 8 percent of Arkansas is wetland. The most extensive areas are forested wetlands {(swamps and
bottom-land forests) along major rivers. Arkansas wetlands, especially those in the Mississippi River Valley,
are a critical compeonent of the series of wetlands along the Mississippi Flyway. Wetlands in the Cache-Lower
White River system have been designated as one of nine “Wetlands of Inter national Importance” in the United
States. Arkansas has fost more wetland acres than any other inland State; most of the lass has been due to
conversion to farmland. Arkansas has adopted a program that applies an antidegradation policy to substan-
tial alteration of water bodies, including adjacent wetlands.

California
California’s wetlands have significant economic and environmental value, providing benefits such as water-
quality maintenance, flood and erosion attenuation, prevention of saltwater intrusion, and wildlife habitat.
The Sacramento-San Joaguin Delta regularly harbors as much as 15 percent of the waterfow! on the Pacific
Flyway. California has lost as much as 91 percent of its original wetlands, primarily because of conversion
to agriculture. Flooded rice fields, which are converted wetlands, covered about 638,600 acres in the mid-
1980%. Rice farmers, State and university researchers, and private organizations are cooperatively studying
the feasibility of managing rice fields for migratory waterfowl habitat. Wetland protection is identified as a
goal of The California Environmental Quality Act of 1970,

Colorado
Wetlands cover sbout 1 mitlion acres of Colorado—1.5 percent of the State’s area. Wetlands occur in all life
and climatic zones, from the high mountains to the arid plains and plateaus. Wetland types in Colorado
include forested wetlands, willow carrs, fens, marshes, alpine snow glades, and wet and salt meadows. Wet-
lands are vital to wildlife in the State, particularly in the arid regions. Colorade’s wetland area has decreased
by about one-half in the last two cenfuries, and losses are continuing due to a variety of land-development
pressures; however, irrigation and changes in land-use practices have resulted in new wetlands, principally
in the San Luis Valley and near Boulder.
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Connecticut

- Wetlands cover about 173,000 acres.of Connecticut—S3 percent of the State’s land surface. Connecticut has
Tost an estimated one-third to three-fourths of its original wetlands over the 200-vear period between the
1780 and 1980’s, Forested wetlands, primarily red maple swamps. are the predominant wetland type, con-
stituting 54 percent of the States wetlands! Salt harshes, tidal flats, and heaches dre the primary coastal
wetlands. Wetland psotecnorx {n Connecticut is carried out at the Federal, State, and (or) Tocal government
level, depending on the type and location of the wetland resource.

Daiaware : :
W&tiands cover ‘about }?’ percent of Delaware. Wetlands in Delaware are diverse. Extensive estuarine wet-
Iands line Delaware Bay and the Atlantic Ocean. Delmarva bays, which are seasonally flooded depressions
inthe Coastal Plain, contain marsh; shrub, and forest vegetanon More than one-half of Delaware’s wetlands
have been converted to nonwetland uses or otherwise altered since the 1780%. The State Wetlands Act con-
trols development in tidal wetlands, and a proposed statute would establish a State-run nontidal-wetlands
regulatory program, [elaware has established its own wetland classification, which has five categories that
are based on a wetland’s functions and values.

Dzstnct of Columbia : —
The ‘District of Columbia has about 250 acres of wetlands; all are palustrine or riverine. Most occur along
the tidal rﬂaches of the Potomac and Anacostia Rwers About 87 percent of the District’s wetlands have been
drained or filled since the District was established in the 1790's. The National Park Service owns and main-
tains most wetlands in the Disirict of Colimbia. To alter wetlands, permits must be obtained from the U.S.
Army Corps of Engineers and the Départment of Consumer and Regulatory Affairs. Wetland conservation is
accomplished on Federal and local levels and through the activities of private organizations.

Florida

Florida has about 11 million acres of wetlands, more than any of the other 47 conterminous States. The abun-
dance of wetlands in Florida is due primarily to the low, flat terrain and plentiful rainfall. Most of Florida’s
wetlands are forested freshwater habitats on stream flood plains, in small depressions and ponds, and cover-
ing'wet flatwoods. The Everglades, in southern Florida, is a large freshwater marsh that once received surface-
and ‘ground-water flows from the Kissimmee River-Lake Okeechobes Basin but which now depends on waler
releases from'canals and water-retention areas. Florida has lost nearly one-half of its wetlands, pmmarily o
agﬁcukural dramage The State protects wetlands by regulating development in wetland areas, acquiring
wetlands and ‘land ad}acem to wetlands, and requiring local governments to produce long-range plans for
Wf:ﬁai’id protectaon ! . .

Georgla
Georgia has more than 7.7 million acres of wetlands. Georgia’s wetlands are diverse, ranging from mnuntam
seepage areas to estuarine tidal flats, This diversity is primarily due to the wide variety of landforms present,
gach of which can have diffefent geologic and hydrologic characteristics, The greatest acreages of wetlands
are in the coastal plain, where flood-plain wetlands are most extensive and tidal freshwater swamps and
estuarine marshes meet. Most of Georgia’s wetlands are forested freshwater habitats associated with streams,
The Okefenokee Swamp in Georgia, one of the largest freshwater wetlands in the United States, is a mosaic
of emergent marshes, aquatic beds, forested and scrub-shrub wetlands, and forested uplands.

Hawaii
Wetlands constitute less than 3 percent of the State, but they have had & major economic effect on Hawaiian
society both before and after European contact. Wetlands are habitats for several species of birds and plants
enderic to the Hawaiian Islands. Wetland formation in Hawaii is influenced by climate, topography, and
geology: wetlands form where local hydrologic conditions favor water relention near the land surface.
Although rainfall is high in many areas of the islands, steep topography and the high permeability of the
voleanic rock that forms the islands result in rapid discharge of storm runoff 1o the ocean as surface-water
and ground-water flow. Coastal wetland losses have been greatest on Oahu, where wetlands have been drained
and filled for resort, industrial, and residential development.

Idaho
Most of Idaho's 386,000 acres of wetlands are in flood plains and riparian areas along streams and other
water bodies. Since about 1860, when mining and farming began in the State, wetland acreage has decreased
by 56 percent. The Tdaho State Water Plan states that, insofar as is possible, the State should assume respon-
sibility for wetland management and protection. Policy plans made by the Idaho Department of Fish and Game
for 1991 to 2005 focus land-acquisition efforts on wetland areas where habitat protection is critical. Many
private organizations and groups have participated in projects involving wetland acquisition and restoration.
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Hlinois
Wetlands cover about 3.5 percent.of Illinois. The largest acreage of wetlands js in the bottom-land forests
and swamps along the State’s major rivers. Northeastern Hlinois also has a large concentration of wetlands.
THinois has lost as much a5 90 percent of its original wetlands over the last 200 years; most of the losses have
been due to drainage for conversion {o agricultural and other uses. The primary State law governing wetlands
is the Interagency Wetland Policy Act of 1989, which sets a goal of no nef loss of wetlands dug o projects
funded by the State. Wetlands can be owned and protected by the public as County Forest Preserve Districts,

Indiana
Abowt 85 percent of Indiana’s wetlands have been lost since the 1780’s, primarily because of conversion to
agricultural land. The current rate of wetland foss is about 1 to 3 percent of the remaining wetlands per yeat.
Most of the wetlands remaining in Indiana, about 813,000 acres, are in the northeastern part of the State,
including extensive wetlands in and near.the Tndiana Dunes National Lakeshore. The Depariment of Natural
Resourees is developing a State wetland conservation plan under a grant from the U.S. Environmental Pro-
tection Agency. Several River Basin Commissions are encouraging or pursuing wetland restoration as a flood-
control measure with an added benefit of recreation potential.

lowa
Towa has diverse wetlands that include prairie-pothole marshes, swamps, stoughs, bogs, fens, and ponds,
Wetlands cover about 1.2 percent of Towa, but about 200 years ago more than 11 percent of the State’s area
was wetland. Conversion of wetlands to agricultural lands, Jargely in the prairie-pothole region, has been the
primary cause of wetland loss, Wetland acreage has been slowly increasing since 1987 as a result of the Prai-
rie Pothole Joint Venture, a cooperative Federal, State, county, and private-organization program. The Wet-
land Reserve Program of the. 1990 Food, Agriculture, Conservation, and Trade Act has the potential to add a
substantial number of additional acres.

Kansas
Kansas has about 435,000 acres of wetlands, which include sandhill pools along the Arkansas River, playa
lakes in western Kansas, freshwater marshes such as those in Cheyenne Botioms, and salt marshes such as
those in Quivira National Wildlife Refuge. Kansas wetlands are important to migrating waterfowl and shore-
birds, which depend on the few remaining wetlands in the Central Flyway. Kansas has lost about one-half its
wetlands during the last 200 years, mostly due to conversion to cropland and depletion of surface and ground
water due to irrigation withdrawals. Wetland preservation and restoration are being accomplished through
cooperation among Federal and State agencies and private organizations.

Kentucky ... }
Wetlands compose less than 2.5 percent of Kentucky's land area, but they have considerable enviromnental,
socioeconomic, and esthetic valoe, Most Kentucky wetlands le shoreward of rivers, lakes, and reservoirs
and include cypress swamps, bottom-land hardwood forests, marshes, and ponds. More than one-half of
Kentucky's original wetlands have been Jost, primarily as a conversion to cropland and pastureland; most
conversions have been in western Kentucky. The State fosters protection of wetlands through a system of
registry and dedication agreements with private entities, Most of Kentucky’s wetlands are privately owned.

Louisiana ... -
Wetlands are a major source of income for the people of Louisiana, providing revenues from harvesting of
fish and shellfish, trapping, and recreation. Most of the State’s wetlands are freshwater swamps, but the arez
of coastal marsh is substantial: Lonisiana's coastal marshes represent as much as 40 percent of the coastal
marshes in the United States. Wetlands once covered more than one-half of the area that is now Louisiana,
but wetland acreage has declined to less than one-third of the State’s land surface over the last 200 years.
The Louisiana Coastal Wetlands Conservation and Restoration Program implements specific projecis to
conserve, enhance, restore, and create coastal wetlands.

Maine
Maine’s wetlands are diverse, ranging from infand swamps and peatiands to coastal salf marshes and mud
flats, One-fourth of the State is wetland, and most wetlands are owned by individnals, timber companies, or
other private landowners. Land-use changes have led to wetiand Iosses. Early in Maine’ history, expansion
of fishing and farming communities along the coast resulted in the filling of many coastal wetlands. Wet-
lands along inland waterways were converted to agricultural use. Recent losses have been due to urbaniza-
tion and other development. Wetland conservation in Maine is a combined effort by Federal, State, and local
governments and private organizations and Iandowners.
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Maryland .
Maryland has about 591,000 acres of wetlands, one-half of which ate tidal and one-half nontidal, Extensive
estiarine wetlands exist on both sides of the Chesapeéake Bay, The Delmarva Peninsula has many wetlands
in Delmarva bays, topographic depressions whose wetness is controlled by the water table. About 64 percent
of Marylands wetlands have been converted to nonwetland uses since the 1780%. To obtain permits for
altering wetlands in Maryland, a single State-Federal application is submitted to the Maryland Departiment
of the Enviroament. Wetland conservation in'Maryland is accomplished on the Federal, State, and local level
and‘through the activities of private organizations.

Massachusetts
Wetlands cover about 590,000 acres of Massachusetts, about 12 percent of the States area. Massachusetts
has Tost about 28 percent of its original wetlands since the 1780, Agricultural and urban expansion have
caused most of the Tosses. Forested wetlands, primarily red maple swamps, comprise more than one-half of
the State’s wetlands; estuarine ‘and marine wetlands ‘account for about one-fifth. Regulatory functions of
wetland conservation in Massachusetts are performed at the Federal, State, and local government level, and
private organizations are active in land acquisition and management, research, education, and policy review
and planning.

Michigan
Wetlands cover about 15 percent of Michigan. They provide many benefits, including flood and erosion
attenuation, water-quality maintenance, recreation, and wildlife habitat. Michigans wetlands are largely
associated with surface featiures that are the result of glaciation. Most Michigan wetlands are vegetated by
forest or shrubs; but fresh marsh is abundant in coastal and inland areas. About one-haif of the States wet-
tands have been converted to other tses, primarily agriculture. The Goemaere-Anderson Wetland Protection
Act of 1980 {Public Law 203} and other Stale statutes are the basis for Michigans wetland-conservation
program. The U.S. Environmental Protection Agency has oversight of the State program,

Minnesota
Minnesota has about 9.5 million acres of wetlands, about one-half the wetland acreage present in
predevelopment times. Most wetland losses have been due to drainage for agriculture, Minnesota’s wetlands
are diverse, ranging from extensive northern peatlands to small prairie’potholes. Minnesotz has about 150,000
10 200,000 acres of wild tice beds, The centerpiece of Minnesota’s efforts to protect wetlands is the Wetland
Conservation Act of 1991, which sefs a goal of no net wetland loss, The law fills the gap in wetland protec-
tion between larger, deepwater habitats that are already protected by Minnesota statute and agricoltural wet-
Tands that are addressed by the Federal “Swampbuster” provisions.

Mississippi_
Wetlands occupy more than 13 percent of Mississippi. Bottom-{and foresis, swamps and freshwater marshes
account for most of Mississippi’s wetland acreage; coastal marshes also are extensive. Wetlands in Missis-
sippi are a key part of the Lower Mississippi Valley Joint Venture program for the restoration of Mississippi
Flyway waterfow! populations. Nearly three-fifths of the States wetlands have been converted to nenwetland
uses, primarily agriculture. Mississippi wetlands have been and continue to be a source of timber, and the
ceared, fertile lands have become productive farmland. The Natural Heritage Program identifies and inven-
tories priority wetlands.

Missouri
Missouri’s wetlanids occupy 643,000 acres, about 1.4 percent of the State’s area. Swamps and other forested
wetlands, marshes and fens, and shrub swamps constitute most of the wetland acreage. Missourl’s location
on the Mississippi Flyway makes the State a favored wintering area for hundreds of thousands of waterfowl
and other birds, including bald eagles. Missouri has Jost as much as 4.2 million acres (87 percent) of its original
wetlands. Most wetland loss has been due to agricultural conversions, urban development, and flood-controf
measures. The State has developed a wetland-management plan to guide its efforts in the restoration and
management of wetlands until the year 2000,

Montana ~
Wettands cover only a small part of Montana, but their ecological and economic importance far outweighs
their relative size. About 27 percent of the wetlands present before 1800 have been converted to other land
uses, primarily cropiand. Losses to cropland have been particularly great in north-central and eastern Mon-
tana, an area that is part of the Nations most valuable waterfowl production avea, the praitie pothole region
of the northern Grest Plains. Montana has no comprehensive wetland-protection program; however, the Water
Quality Bureau of the Montana Deparement of Health and Environmental Sciences is developing enforce-
able water-quality and biological standards specific to Montana wetlands.
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Nebraska

Nebraska has three wetland complexes recognized as being of international importance as migrational and
breeding habitat for waterfow!] and nongame birds: the Rainwater Basin wetlands in south-central and south-
eastern Nebraska, the Big Bend reach of the Platie River (directly north of the Rainwater Basin), and the
Sandhills wetlands in north-central and northwestern Nebraska. Nebraska has lost about 1 million acres of
wetlands in the last 200 vears—about 35 percent of the State’s original wetland acreage. Conversion to
agricultural use was the primary cause for most of the losses, but urbanization, reservoir construction, high-
way construction, and other activities also contributed.

Nevada
Wetlands cover less than 1 percent of Nevada but are some of the most economically and ecologically valu-
“ able fands in the State. Benefits of wetlands include flood attenuation, bank stabilization, water-quality
improvement, and fish and wildiife habitat. Desert wetlands include marshes in playa lakes, nonvegetated
playas, and riparian wetlands; mountain wetlands include feas and other wetlands that form in small glacial
lakes. More than one-half of Nevada's original wetlands have been lost. primarily due to conversion of wet-
lands to cropland and diversion of water for agricultural and wrban use; many others have been seriously
degraded by human activities. Some wetlands have been created by mine dewatering and sewsage treatment.

New Hampshire
Wetlands occupy as much as 10 percent of New Hampshire and are an integral part of its natural resources.
Swamps and peatlands comprise most of the State’s wetlands. Many wetlands have been converted to
nonwetland uses such as crop or pastureland. Others have been altered or degraded by urbanization, peat
mining, timber harvesting, road building, all-terrain vehicle use, and other causes. New Hampshire regulates
wetlands primarily through State law and the rules of the Wetlands Board; local conservation commissions
have an advisory role in local wetland protection. During 1987 o 1993, the State acquired diverse wetlands
by purchase and donation or protected wetlands through conservation easements.

NOW OISOy e

New Jersey has about 916,000 acres of wetlands, most of which are in the coastal plain. Forested wetlands
are the most common and widely distributed wetlands in the State. Salt marshes are the most common wet-
lands in comstal areas, Wetlands are ecologically and economically valuable to the State. Cranberry growing
is o significant industry in New Jersey: more than 3,000 acres of cranberry bog wetlands were under private
Tnanagement in 1992, Between the 1780% and 1980, New Jersey lost about 39 percent of its wetlands. Wet-
lands have been drained primarily for crop production and pasturage and filled for housing, transportation,
industrialization, and landfills.

New Mexico
Wetlands cover about 482,000 acres (0.6 percent) of New Mexico; most are in the eastern and northern areas
of the State, New Mexico's wetlands include forested wetlands, bottom-land shrublands, marshes, fens,
alpine snow glades, wet and salt meadows, shallow ponds, and playa lakes. Riparian wetlands and playa
fakes are especially valuable to migratory waterfow! and wading birds. New Mexico has lost sbout one-third
of its wetlands, mostly due to agricultural conversion, diversion of water to irrigation, overgrazing, and
urbanization. Other causes of loss or degradation have been mining, clear cutting, road construction,
streamflow regulation, and invasion by nonnative plants,

New York
New York has abort 2.4 million acres of wetlands. One-half of the 160 species identified as endangered or
threatened by the Department of Environmental Conservation are wetland dependent. Counties in the
Adirondack Mounntains and those south and east of Lake Ontario have the largest percentages of wetland
area; counties that make ap New York City and Long Island, along the border with Pennsylvania, and in the
Catskills have the smallest percentages. From the 1780% to 1980%, about 60 percent of New York’s wetland
area was lost, primarily because of conversion to agricelture and other [and uses. Counties may facilitate
wetland acquisition through the funding of bond acts.

North Carolina
About 5.7 million acres of North Carolina—17 percent of the State—is wetland. The Coastal Plain contains
95 percent of the State’s wetlands. Before colonization by Europeans, North Carolina had about 11 million
acres of wetlands. Nearly one-third of the wetland alterations in the Coastal Plain have occurred since the
1950%; most have resulted from conversion to managed forests and agricalture. The Roanoke River flood
plain has one of the largest intact and least disturbed bottom-iand hardwood forests in the mid-Atlantic
region. About 70 percent of the rare and endangered plants and animals in the State are wetland dependent,
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North Dakota

Wettands once covered about 4.9 million acres.of North Dakota—11 percent of the State. By the 19805, the
‘acreage had decreased to about 2.7 million acres; a loss of about 45 percent. Most 'of the losses have 'been
caused by drainage for.agricultural development. The rate of agricultural conversions in the future wili likely
depend on.crop prices-and .other. economic factors.. Most of North Dakota’s wetlands are prairie potholes,
which prev:ée nesting: and feeding habitat-for migratory. waterfow] and wading birds, About one-half the
Nations duck population originates in the Prairie Pothole Region of North Dakota and other prairie States.

Ohio

Ohio’s wetlands cover about 1.8 percent of the State. Swamps, wet prairies, coastal and embayment marshes,
peatlands, and wetlands along stream margins and backwaters are the most common Ohio wetlands. Wet-
land area in Ohio has declined by 90 percent during the last 200 vears, from about 5,000,000 acres to abowut
483,000 acres. Drainage of wetlands for agriculture has-been the primary cause of wetland loss, but recre-
ational use, fluctuating ‘water Eeveis, urban development, mining, logging, and fire also have contributed.
Ohio:designates all wetlands as State Resource Waters. As such, wetland water quality is protected from
degradation that may interfere with designated uses.

Ok!ahoma
Wetlands cover about 950,000 acres (2 percent) of Oklahoma. Wetlands in Okiahoma include bottom-land
hardwood forﬁsts and swamps; marshes and wet meadows; aquatic-bed wetlands characterized by submersed
or flnauag plams in ponds, lakes, rivers, and slm:g%ls and sparsely vegetated wetlands such as lﬁiermit&:l’iﬂy
flooded playa lakes. Most forested wetlands are in eastern Oklahoma, where precipitation is highest and
evaporation lowest. Riparian wetlands and pIaya Iakes in drier western Oklahoma are especially valuable to
wildlife, Nearly two-thirds of Oklahoma’s original wetlands bave been lost as a resalt of agricultural conver-
sions, channelization, impoundment, streamflow regulation, and other causes.

Oregon
Wetlands are economically and ecologically valuable to Oregon and can be found statewide. Qregon had
nearly 1.4 million acres of wetlands as of the mid-1980%, a decline of more than one-third over the previous
200 years. Most of the losses were due to conversion to agricuitural-uses, primarily in the Willarette River
Valf%ey and. Up;}{ar Kéamath Basin. T improve the ﬁffect;vem:ss and efficiency of Oregon’s efforts to con-
serve, restore, and protect wetlands, the State has developed the Wetland Conserva{:on Strategy. The strat-
egy.is based on the recommendations of advisory committees representing Federal, State, and local agencies
and _mtercs_t groups.

Pennsylvania
About 1.4 percent (404,000 acres) of Pennsylvanta is covered by wetlands. Deciduous and forested wetlands
are the most common types, followed by open water, marshes, shrub wetlands, and others. Wetlands are most
densely distributed in the glaciated northwestern and northeastern parts of the State. Wetland area in Penn-
sylvania has decreased by more than one-half in the ast 200 years. The primary causes of wetland loss or
degradation have been conversion o cropland, channelization, forestry, mining, urban development, and the
construction of ponds and impoundments. About 50 private conservancy organizations in the State work to
protect and preserve natural lands, including wetlands, on a local level.

Puerto Rico
Wetlands in Puerto Rico are diverse, ranging from interior montane wetlands of the rain forest to intertidal
mangrove swamps along the coast. Puerto Rico’s wetlands are valuable natural resources that provide habitat
for wildtife and a'water supply for several large cities. Nearly all of Puerto Ricos wetlands have been modified
by manmmsmricaliy for sugar cane agriculture and more recently for housing development, transportation,
tourist facilities, and other types of develepmmi ‘Wetland restoration efforts are underway at several lecations
throughout Puerto Rico; an example is the freshwater wetlands of Laguna Cartagena, once one of the most
important waterfow] habitats on the island.

Rhode Island

Wetlands cover about 65,000 acres of Rhode Isiand, about 10 percent of the State’s area. Forested wetlands,
primarily red maple swamps, are the most abundant wetland type and account for nearly three-quarters of
the State’s wetlands. Once more common in Rhode Island, Atlantic white cedar wetlands are now found mostly
in the southwestern part of the State. Wetlands are regulated primarily at the State-government level in Rhode
Istand; different agencies regulate coastat and freshwater wetlands. Local Tand-use controls are an additional
wetland-protection measure. Many of Rhode Island’s natural resources have been acquired and protected
through cooperative efforts of private and public entities.
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South Carolina
Nearly one-quarter of South Carclina is wetland—about 4.6 mitlion acres. South Carolina’s wetlands provide
flood attenuation, erosion control, water-guality maintenance, regreational opportunities, and fish and wildlife
habitat. South Carolina wetlands are important wintering areas for migratory waterfow! on the Atlantic Flyway.
Wetlands in the State include wet pine flatwoods, pocosins, Carolina bays, beaver ponds, bottom-land forests,
swarnps, fresh and salt marshes, and fidal flats; About 80 percent of the wetlands are freshwater and forested.
Wetland acreage in South Carolina has declined by more than one-quarter since the late 1700, primarily as
a result of human activities.

South Dakota
Wetlands occupy about 1.8 million acres (3.6 percent) of South Dakota. These wetlands are of great econemic

# and esthetic value because they provide important habitat for wildlife (especially migratory waterfow]),
hydrologic benefits that inchude water retention and flood atteration, and numerous recreational opportunities.
By far the most common wettand type in South Dakota is the prairie pothole, which occurs in glaciated eastern
South Dakota. Wetland area in South Dakota has decreased by about 35 percent during the last 200 years—
from about 2.7 million to about 1.8 million acres. Agricultural conversions, notably in the prairie pothole
region, have aceounted for most wetland losses.

Tennessee
Estimates of Tennessee’s wetland area range from 640,000 to 1,400,000 acres, Although wetlands constitute
a small percentage of Tennessee, they are ecologically and economically vatuable to the State. Bottom-land
forests are the most common Tennessee wetlands; they are most abundant in the flood plains of rivers in the
western part of the State. Nearly three-fifths of Tennessee’s original wetlands have been lost; major causes
of loss or degradation in Fennessee have included agricultural conversions, logging, reservoir construction,
channelization, sedimentation, and urbanization. The Tennessee Wetlands Acquisition Act of 1986 autho-
rizes the acquisition of wetlands by use of real estate transfer taxes.

Texas
Wetlands cover about 7.6 million acres of Texas, 4.4 percent of the State’s area. The most extensive wetlands
are the bottom-land hardwood forests and swamps of East Texas: the marshes, swamps, and fidal flats of the
coast; and the playa lakes of the High Plains. Wetlands provide flood attenuation, bank stabilization, water-
«quality maintenance, fish and wildlife habitat, and opportunities for hunting, fishing, and other recreational
-activities, Commercial fisheries benefit directly from coastal wetlands. Texas has lost about one-half of its
original wetlands as a result of agricultural conversions, overgrazing, urbanization, channelization, water-
table declines, construction of navigation canals, and other causes.

Utah

Wetlands cover only a small part of Utah but provide critical aguatic habitat in an arid environment as well
as economic and other benefits. Utah wetlands include the shallows of small lakes, reservoirs, ponds, and
streams; riparian wetlands; marshes and wet meadows; mud and salt flats; and playas. The largest wetlands
in the State surronnd Great Salt Lake. Because of the importance of Great Salt Lake and its associated wet-
lands to migratory waterfowl and shorebirds, in 1991 the Jake was designated a Hernispheric Reserve in the
Western Hemisphere Shorebird Reserve Network. Streamflow regulation and agricultural, residential,
industrial, and ski-area development have resulted in widespread wetland losses,

Vermont..
Estimates of the area covered by wetlands in Vermont range from 4 to 6 percent of the State’s total area. The
largest wetlands are in the valleys of the northeast and in river flood plains and deltas in the Lake Champlain
Valley. Vermont’s wetlands provide flood and erosion control, water-quality maintenance, timber, and
recreational opportunities. As much as 35 percent of Vermont’s wettands have been lost; major causes have
been conversion to agriculture and residential and recreational development. The State is undertaking the
Vermont Wetlands Conservation Swategy, a comprehensive review of current wetland conservation programs
o that will recommend actions to improve wetland congervation in Vermont.

U.S. Virgin Islands

Wetlands in the U.S. Virgin Islands comprise about 3 percent of the land surface. Wetlands are habitat for
fish, shellfish, and birds, including endangered species such as the peregrine falcon and brown pelican. Fresh-
water is scarce in the islands, and wetlands there are mainly estuarine and marine types such as sait ponds,
mangrove forests, sea grass beds, and coral reefs. Shoreline wetlands are vulnerable to destruction from
construction of tourist facilities and water-dependent developments Hke marinas and 1o degradation by sedi-
mentiation and septic tank leachate. The Territorial Legislaiure adopted the Indigenous and Endangered Spe-
cies Act of 1990, which establishes a policy of “no net loss of wetlands” & the maximum extent possible.
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Virginia
Virginia has about | million acres of wetlands; one-quarter are tidal and three-quarters are nontidal. Forested
wetlanés (swamps) arethe 'most -common wetdands in'the State. Both shores of the Chesapeake Bay have
extensive estuarine wetiands. Conversion to nonwetland uses (agncultural urban, industrial, and recreationat),
chagnélization: and ditching, -and:other causes have resulted in the Joss of about 42 percent of Virginia’
wetlands since the 17807, Development in wetlatzds is'regulated in part by means of the Virginia Water
Protection Permit, Local governments may ‘adopt ;Jrescnbed zoning ordinances and form citizen wetland
boards to regulate their own tidal wetlands; the State retains an oversight and appellate role.

Washington
Wetlands cover only about 2 percent {939,000 acres) of Washington, but they benefit the State both ecologi-
cally ‘and economically. Wetlands are nursery and feeding areas for anadromous fish such as salmon and
steelhead trout. About 75 percent of the State’s wetlands contain freshwater and include forested and shrub
swamps, bogs, fens, marshes, wet prairies and meadows, vernal peols, and playas. About 2§ percent are
estoarine or marine and include marshes, tidal flats, beaches, and rocky shores. Estimates of wetland loss in
Washington range from 20 o 50 percent; caunses of loss or degradation include agricultural conversion,
urban expansion, siting of ports and industries, logging, and invasion of nonnative plants and animals,

West Virginia
Wetlands constitute less than 1 percent of West Virginia's surface area but contribute significantly to the State’s
econortic development and ecological diversity. Common West Virginia wetlands include swamps, peat bogs,
mar! wetlands, marshes, wet meadows, and ponds. The Canaan Valley and Meadow River wetlands together
contain about 14.percent of the: State’s wetlands. The Canaan Valley wetland complex is the largest in the
ceniral Appalachian Mountains. West Virginta has fost about one-fourth of its original wetlands; primary
canses have been agricultural conversions, channeiization, pond and reservoir consfruction, and urbaniza-
tion. Some wetlands have been created as a result of beaver activity.

Western Pacific Islands
Most of the wetlands in the Mariana, Samoan, Caroline. and Marshall Islands (referred to as the Western
Pacific Islands incthis report) are in coastal areas, Wetlands on the islands include mangrove swamps, marshes,
and coral reefs. Wetlands are of econonyic importance on many islands because the staple food, taro, is grown
in-converted or constracted wetlands. On the larger islands, wetlands are important wildlife habitat. Avail-
able trend information indicates that on many islands there has been wetland loss or degradation due to
agricultural conversion, urban expansion, or firewood cutting, Wetland activities on tslands under United
States jurisdiction are subject to Federal regulation. -

Wisconsin
Wetlands cover more than 5 million acres (135 percent) of Wisconsin, Common wetlands include swamps
and marshes in southern Wisconsin and peatlands in northern Wisconsin, Wetlands are most numerous in
glaciated parts of the State: the unglaciated “driftless” section of southwestern Wisconsin has few wetlands,
except in stream valleys filled with unconsolidated outwash and alluviam, Wetland acreage has decreased
by nearly one-half over the last 200 years, primarily owing to agricultural development. In 1991 the State
became the first to adopt water-quality standards for wetlands; the standards allow the State 1o control wet-
land development under section 407 of the Clean Water Act.

Wyoming
Wetlands cover about 1,25 million acres (2 percent) of Wyoming and are the most diverse ecosystems in the
State’s semiarid environment. The Laramie Plain Lakes wetland complex is home to the Wyoming toad, an
endangered species. Trend information indicates that wetland acreage in Wyoming has decreased over time,
primarily due to-agricultural and urban development. However, agricultural diversions, whose original pur-
pose was to flush salts and increase hay-meadow production, have enhanced wetlands along the Bear River;
the Bear River wetland is one of the most productive and diverse bird habitats in Wyoming. The Wyoming
Wetlands Act is the basis for wetland program development by the State.
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Introduction

This volume, Naiional Water Sammaq on Wetland Resources, is organized into two pm‘ts a
somewhat different format than the seven prevmus volumes (se¢ inside front cover for previous
vojumes) in the National. Wbter Summary series. (The “Hydrologic Conditions and Water-Related
Events” included in the previous volumes are published separately, as U.S. Geological Survey Open-

5 File Reports Numbers 96--107 and 96-145.)

This volume is the result of 2 coordinated effort to compile the most up-to-date information available
on wetland resources. Although much has been written about the biological aspects of wetlands, much
less has been written sbout the hydrology and the non-habitat functions of wetlands. This volume
presents an overview of wetland resources from many different perspectives.

The first part of this volume, “Qverview of Wetland Resources,” discusses wetland resources from
a national perspective and provides background information for the State summaries section. This
section containg articles on the technical, management and research, and restoration, creation, and
recovery aspects of wetland resources. These articles relate the history of wetlands in the United States;
the definition of wetlands and a description of the U.S. Fish and Wildlife Service Classification System
{Cowardin and others, 1979); hydrologic and water-quality factors that affect the distribution of
wetlands and related functions cornmonly attributed to wetlands; the role of wetlands as habitat for
birds; the roles of Federal agencies in wettand protection legistation and research; progress in inventory
and mapping of wetlands; techniques for evaluating wetlands; human attempts to restore damaged
wetlands and create new ones; and the recovery of wetlands following natural disasters. -

The second part, “State Summaries of Wetland Resources,” describes wetiands of each State, the
District of Columbia (combined with Maryland), Puerto Rico, the U8, Virgin Islands, and the Western
Pacific Istands. Each State summary discusses wetlands in terms of vahle types and d:smbutmn
hydrologic setting, and trends in acreage from :
predevelopment to modern times. Each State summary
also provides an overview of public- and private-sector
wetland-conservation efforts in that State and a table
showing the wetland-related responsibilities of principal
govemment agencies and private organizations within
the State. IHustrations include a map depicting the areal
distribution of principal wetlands and selected related
features such as ecoreglons,_phymography, precipiation,
nmoft, evaporation, or ather physical or climatic features
that influence the presence or distribution of wetlands
in that State. Some of the State summaries include a map
or cross section depicting the hydrelogic setting of
wetlands and (or) a map showing predevelopment
wetland distribution.

To supplement the information provided in this
volume, bibliographic references are listed at the end of
each article and State summary. An extensive st of
suggested references for more information about topics
discussed in the “Overview of Wetland Resources” is
available in U.S. Geological Survey Open-File Report
96169, This report also is available online at hrtp./7/
h2o.usgs. govipublic/nwsun/bib/bib. itml. Most technical

terms are defined in the glossary at the end of this

ol d ion table of we o ’ Horicon Marsh, Wisconsin, provides. .
voiume, and a conversion taple of water measurements recreational opportunities. (Photograph by

precedes the glossary, Phillip }, Redman, U.5. Geological Survey.)
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Technical Aspects of Wetlands
History of Wet!ands in the Contermmous

United States

By Thomas E Dahi? and Grega;'y 3 Atiorci?

At the time of Buropean settlement in the early
1600’s, the area that was to become the conterminous
United States had approximately 221 million acres of
wetlands. About 103 million acres remained as of the
mid-1980%s (Dahl and Iohnson, 1991). Six States lost
83 percent or more of their original wetland acreage—
twenty-two lost 30-percent or'more (Dahl, 1990) (fig.
2). Bven today, all of the effects of these Eosses might
not be fully realized. B

-Historical events, technological mnovattons, and
values of secwty sometimes had destructive effects
on wetlands. By examining the historical backdrop of
why things happened. when they happened, and the
consequences of what happened, society can better
appreciate the 1mportance of weflands in water-re-
source issues, Society’s views about wetlands have
changed considerably—especially in the last half
century. Interest in the preservation of wetlands has
increased as the value of wetlands to soczety has be-
come more fully understeod From a cultural stand-
pomt it is interesti ag 1o undezstana:f how chaagas in
opinions and valies came about, anid what: effects
these changes had on wetland resources. From an eco-
logical perspective, it is important to understand how
the loss of wetlands affects ﬁsh wﬁdhfe, and the
cnvuonmem asa Whole

é
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We_tia_ﬁd -drainage began with permanent seftle-
ment of Colonial America. Throughout the 1600°s and
1700’s,‘colonization was encouraged by European
monarchs to establish footholds in North America.
came vamus in the eariy to mid-1700’s.

Much of our knowledge of early wetlands comes
from maps and other documents that survived over
time."The origins of settlers influenced hoth where
peoplesettled and how-they mapped and used natu-
ral resources. Few records exist because the original
English, French, and Spamsh settlements were estab-
lishéd before the land was surveyed. Setflements in
the North tended to be clustered, whereas communi-
ties in the South were more widely scattered because
of the g;redozmnaﬁce of agriculture. Many d1fferent
land surveying systems resulted in an zncom;}lete
patchwork of ownership that ultimately cansed many
Iﬁgai problems due to boundary errors and overlap-
ping ciaims (Garrett, 1988). It was not until 1785 that
the Land Ordinance Act established the United States
Public Land Survey, which reqmred siurveying and
yartztmnmg of tand prior 1 setifement. Although not

RED LAKE
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Figure 2. States with notable wetland toss, 1780 to mid-1980'. (Source: Modified from Dahl, 1990.}
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Figure 3. Extent of wetlands in Was'hihgio'r; County, N. C., circa 1780 {eft) and 1990 (right). (Source: [J.5. Fish

and Wildlife Service, Status and Trends, unpub. data, 1994.)

established 1o provide information on natozal re-
sources, surveys do provide some information about
the distribution and location of weilands,

During the 1700°s, wetlands were regarded as
swampy lands that bred diseases, restricted overland
travel, impeded the production of food and fiber, and
generally were not useful for frontier survival. Set-
tlers, commercial interests, and governments agreed
that wetlands presented obstacles to development, and
that wetlands should be eliminated and the land re-
claimed for other purposes. Most pioneers viewed
natural resources from wetlands as things to be used
without limit {Tebeau, 1980, The most productive
tracts of land in fertile river valleys in parts of Vir-
ginia had been claimed and occupied before 1700,
The resulting shortage of choice fand stimulated colo-
nists to move south o the rich bottom lands
along the Chowan River and Albemarle
Sound of North Carolinz on the flat Atlan-
tic coastal plain. Initially, settlements con-
sisted primarily of sheliers and subsistence
farms on small tracts of land. To extend the
productive value of available land, wetlands
on these small tracts were drained by small
hand-dug ditches. During the mid- to late
1700s, as the population grew, land clear-
ing and farming for profit began to affect
Targer tracts of land; many coastal plain wet-
lands were converted to farmland {fig. 3).
Once drained, these areas provided produc-
tive agricultural lands for growing cash

OH-powered dredge digging a
30-foot-wide ditch to drain
wetlands near Carroll, lowa.
{Photograph courtesy of National
Archives, 8~-D-2214-2570.}

crops.

Widespread wetland drainage was most
prevalent in the southern colonies. In 1754,
South Carolina authorized the drainage of
Cacaw Swamp for agricultural use (Beag-
champ, 1987). Similarly, areas of the Great
Dismal Swamp in Virginia and North Caro-

lina were surveyed in 1763 so that land could be re-
claimed for water transportation routes. Farming on
targe plantations was common practice in the South
and necessitated some drainage or manipulation of
wetlands. )

By the 1780’s, immigrants had settled along the
fertile river valleys of the Northeast and as far south
as present-day Georgia. Wetlands in these river vai-
leys suffered losses with this settlernent (fig. 4). Smatl
towns and farms were established in the valleys along
the rivers of Massachusetts, Connecticut, New York,
and Penngylvania. Settlement extended to the valleys
beyond the Appalachian Mountains in Virginia and
followed the major rivers inland through the Caroli-
nas by 1800.

Figure 4. States with notable wetland loss,
early 1600% to 1800,

1800 TO 1860—WESTWARD
EXPANSION

The period between 1800 and 1860 was a iime
of growth in the United States, During these decades,
numerous fand acquisitions—the Louisiana Purchase
{1803} Florida and eastern Louisiana ceded by Spain
(1819); annexation of Texas (1845); the Oregon Com-
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Claimed arga—
became part of
Biate of Maine

{1842}

in the Midwest (Ross, 1956). These inno-
vations uitimately took a toll on wetlands
-as more land was drained, cleared, and
plowed for farming.

Wetland drainage continued. In the
Midwest, the drainage of the Lake Erie
marshes ‘'of Michigan and Ohio probably
started about 1836. Cotton and tobacco
farming continued to flourish in the South-
ern States and precipitated the additional
drainage of thousands of acres of wetlands
for conversion to cropland.

Wetlands also were being modified in

" Hed River Basin
{1818}

Fiorida
Cession
{1819}

Gadsden
Purchase
(1863}

1 N ¥
‘Claimed area-
became part ¢f

State of Lovisiana

Figure 5. Major United States fand acquisitions between 1800

and 1860. (Sourcer U.S, Geological Survey, 1970.)

promise (1846); and lands ceded from Mexico
(1848)—greatly expanded the land area of the United
States (Garrett, 1988) (fig. 3). With this land expan-
sion, the population grew from 7.2 million in 1810
to 12.8 milkion in 1830 {UL.S. Bureau of the Census,
1832). Land speculation increased with this rapid
growth and marked a period when fand and resources
seemed to be available for the taking, It was a time of
rapid inland movement of settlers westward into the
wetland-rich areas of the Ohio and Mississippi River
Vaileys (fig. 2). Large-scale conversion of wetlands
to farmlands started to have a real effect on the dis-
tribution and abundance of wetlands in the United
States, Areas where notable wetland loss occurred be-

other ways. The Horicon Marsh in Wiscon-
sin was dammed and flooded’in 1846 fora
transportation route and to provide coni-
mercial fishing. Toward the middle of the
century, lumbering was an important in-
dusiry in the Midwest, supplying wood for
construction and fuel for stoves and fire-
places. Much of the Nations timber came from the
swamp forests of Ohio, Indiana, and Hinois, which
typically contained a mix of birch, ash, elm, oak, cot-
tonwood, poplat, maple, basswood, and hickory.

In 1849, Congress passed the first of the Swamp
Land Acts, which granted all swamp and overflow
tands in Louisiana to-the State for reclamation. In
1850, the Act was made applicable to 12 other States,
and in 1860, it was extended to include lands in two
additional States (Shaw and Fredine, 19536) (table 1}.
Although most States did not begin immediate iarge-
scale reclamation projects, this legislation clearly set
the tone that the Federal Government promoted wet-
land drainage and reclamation for settlement and de-

Table 1. Acreage granted to
the States under the
authority of the Swamp
Land Acts of 1849, 1850,

and 1860

.3849 Louisiana

tween 1800 and 1860 are shown in figure 6. velopment. This tone pervaded policy and iand-use 9.493,456
trends for the next century. Adabama 441,289
Arkansas 7,686,675
California 2,182,875
1860 TO 19060—AGRICULTURE MOVES ;
Florida 20,325,013
WEST
inois 1,460,164
The American Civil War (1861-65) affected wet- 1 Indiana 1.250,231
lands because traversing swamps and marshes with j lowa 1,196,292
heavy equépment presentgd major %()gist‘icai problems Michigan | 5.680,310
for bqth armies. The d&?Sigﬂ, engineering, a_r;é con- Mississiopl | 2,347,860
struction of transportation and communication net- o -
. . - 4 Missouri 3,432,481
works were stimulated. Attention became focused on e
4 Ohic 26,372
. ) the development of routes around, through, or over i P Ry
Figure 6. States with notable wetland loss, water bodies and wetlands, and on production of ac- 3 YVisconsn !
1800 to 1860. curate maps (fig. 7). These maps provided an carly 1860 Minnesota | 4706503
glimpse of some of the Nation’s wetlands. Ore 286

Technical advances throughout the 1800% greatly
facilitated wetland conversions. The epening of the
Erie Canal in 1825 provided settlers with an alterna-
tive mode and route of travel from New York fo the
Great Lakes States, increasing migration of farmers
to the Midwest, The canal also provided low-cost
transportation of timber and agricuitural products
from the Nation’s interior to castern markets and sea-
ports {McNall, 1932}, Another iInnovation, the steam-
powered dredge, allowed the channelizing or clear-
ing of small waterways at the expense of adjacent wet-
lands. Between 1810 and 1840, new agricultural
implements—plows, rakes, and cultivators—enabled
settlers to break ground previously not considered for
farming (McManis, 1964). Mechanical reapers initro-
duced in the 1830% stimulated competition in, and
furthered refinements of, farm equipment marketed

After the war, the Nation’s attention focused on
westward expansion and settlement. Railroads were
important in the initial development of transportation
routes. The railroads not only opened new lands, in-
cluding wetlands, to development, but the railroad in-
dustry also was & direct consumer of wetland forest
products. In the 1860%, more than 30,000 miles of
railroad track existed in the United States (Stover,
1961). The railroads of Ghio consumed I million
cords of wood annually just for fuel (Gordon, 1969).
The additional quantity of wood used for ties is not
known. From 1839 to 1885, intense timber cutting
and land clearing eliminated many of Ohio’s wetlands,
tncluding the Black Swamp (fig. 8).

The Black Swamp was in the northwestern cos-
ner of Ohio and was a barrier to travel and settlement.
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Frgure 7. Ccnfedera%e States, of A

erica map of Southeastern United States wnth

wetlands depicted for strategicrather than natural resources valie. (Sourc&
National Archives, Record Group 94, Civil- War Atlas, Plate CXLIV)--
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This forested wetland was estimatedto have been 120
rles long and 40 miles wide, covering an area nearly
equal in size to Connecticut {Gordon, 1969; Ohio De-
partment of Natural Resources, 1988). The swamp,
which was an ehm-ash forested wetland typical of the
region, contained a variety of commercially valzable
trees {Eyre; 1980). Nothing was 1eft of the Black
Swamp by the end of the nineteenth century.

- During.the mid- o late 1880°s, agriculiture ex-
panded rapidly westward along the major river sys-
tems. Several regions of abundant wetlands lay di-
rectly in the path of this ﬁxparzsmn {Wooten and Jones,

1955}, including:
* The prairie pothole wetlands of western Minne-
sota, porthern fowa, and North and South Dakota
« The bottem Jands of Missour: and Arkansas in the
lower Mississippi River alluvial plain
* The delta wetlands of Mississippi and Louisiana
+ The golf plains of Texas
By the 1860’s, setilers started to farm and drain
the prairie pothole region. At first, only a modest
number of potholes were drained. By the late 1300%s,
however, the numbers had increased significantly.

-As-new kinds of machinery increased the ability
to till more land, the conversion of wetlands to farm-
lands increased rapidly. Huge wheat farms, or “Bo-

 nanza Farms;” were operating in the Dakota Territory

{present-day North and South Dakota) by 1875, New

:mechamcai seeﬁars, harrowers, binders, and thresh-

_ers, designed specifically for wheat production, were =
-used to cultivate large tracts of land for these farms
{Knue, 1988). Many wetlands were lost as aresolt of
these operations,

Improvements in drainage technology greatly
affected wetland Josses in the East and the Midwest.
As the use of steam’ power ‘expanded, replacing hand

. 1abor for digging ditches and manufacturing drainage

tiles, the production and instaliation of drainage tiles
increased rapidly. By 1880, 1,140 factories located
mainly in Winois, Indiana, and Ohio manufactured
drainage tiles that were used to drain wetlands for
farming (Pavelis, 1987). By 1882, more than 30,000
miles of tile drains were operating in Indiana alone.
By 1884, Ohio had 20,000 miles of public ditches de-
signed to drain 11 million acres of land (Wooten and
Jones, 1955).

Wetland conversion in the Central Valley of Cal;*
fornia began in the mid-1800s, when farmers began
diking and draining the flood-plain areas of the val-
tey for cultivation (fig. 9). Other States had notable
losses of wetlands between 1860 and 1900 (fig. 10).

1900 TO 1950—CHANGING
TECHNOLOGY

The first half of the twentieth century was a time
of ambitious engineering and drainage operations.
Two World Wars, a rapidly growing population, and
industrial growth foeled the demand for kand as in-
dustry and agriculture propelled the United States to
the status of a world leader. Technology was increas-
ingly important in manipulation of the Nation’s
water resources. Two of the most notable projects that
affected wetlands were California’s Central Valley
Project and the lock and dam system on the Missis-
sippi River.

Although draining had begun one-half century
earlier, wetland modification in the Central Valley
accelerated early in the 20th century. By the 19207s,
about 70 percent of the original wetland acreage had
been modified by levees, drainage, and water-diver-
sion projects (Prayer and others, 1989). In the 193075,

Lake Exie
. Marshes

Black Swamp

Seioto Marsh

Hog Creek Marsh

Lake Erig Marshes

18581885 ! Ohio Dept, Nat. Res., 1988

306,600

historic wetlands.

Figure B. Location, estimated original acreage, and drainage date of Ohio’s
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Flgure 9. Wet ands of the Central Valley of California, circa 1820 (left} and 1990 {right.

Status and Trends, unpub data 1994.}

large-scale flood-control projects, diversion dams,
and water-control structures were being built on the
mbuiary rivers entering the valley.

Wetland modification also continued farther east,
Before the installation of the lock and dam systemin
1924, the bottom Jands of the Mississippi River cor-
ridor were prxmanly weoded iskands separated by
deep sloughs {Green, 19845, Hundreds of small lakes
and ponds were. scattereci throughoui extensive
wooded arcas. The river channe} was subject to shift-
ing sands and shallows, and changed constantly. Lake
and dam structures were built to create a permanent
navigable waterway. The water depth increased be-
hind each dam to create a pool that extended upstream
1o the next darn. The first pool was filled in 1935 and
the systern was completed when the last pool was
filled in 1939. The resulting changes to the river 5y5-
tem eliminated large water-level fluctuations and
heiped stabilize water depth and flooding. Rottom
tands no longer dried out in sumumer, and former hay
meadows and wooded argas were converted 1o marsh-
lands surrounding the pools, One type of wetland was

FRARIE POTHOLE
WETLA et

Figure 10, States with notable wetland loss,
1860 to 1900,

exchanged for another. Although some pools of the
Upper Mississippi River have problems with silt depo-
sitionand restricted water circulation, these “created”
wetland areas provide habitat for fur-bearin 2 animals,
waterfowl, and fish.

In dther parts of the country, this era was marked
by urban and agricultural expansion projects that
drained both large and small wetiands. Some of the
most ambitious projects were attempts to drain and
cultivate Horicon Marsh in Wisconsin in 1904: com-
mercial timber harvesting in southern Georgia, which
began in 1908 as & precursor to atiempts to drain the
Okefenokee Swamp (Trowell, 1988); and in 1914, the
draining of North Carolina’s largest natural lake, Lake
Mattamuskeet, to create farmiand (U.S, Fish and
Wildlife Service, undated). Early in the century, land
developers dug drainage ditches in an attempt to drain
a huge area for development in the vast peatlands
north of Red Lake, Minn. (Glaser, 1987). On July 29,
1917, the Minneapolis Sunday Tribune ran a ful] page
advertisement to atiract homesteaders to the Red Lake
area—""perhaps the last of the unsettled, uncut tm-
berland in the middle of the country” (Wright, 1984).
By 1930, nearly all of the prairie wetlands in Iowa,
the southern counties of Minnesota, and the Red
River Valley in North Dakota and Minnesota were
drained (Schrader, 19553,

Attempts were underway to drain and farm large
parts of The Everglades (a huge expanse of wetlands
in southern Florida}. By the I%G’q more than 400
miles of drainage canals were already in place (Lord,
19933, (See articie “Wetland Resources of Florida”
in the State Summaries section of this volume.} With
the passage of the Sugar Act of 1934, additional wet-
lands in southern Florida were drained and put into
sugarcane production. Sugarcane yields more than
doubled from 410,000 to 873,000 tons between 1931
and 1941 (Clarke, 1977), largely at the expense of

(Source: .S, Fish and Wildlife Service,

Drainage tile operation,
circa 1940's, Tiles provide
a conduit for moving water

from a wetland, {Photo-
graph courtesy of U.S.
Department of Agriculture.}



The Migratory Bird
Hunting Stamp Act

acquiring and
restoring America’s
wetlands.

was one of the first.
pieces of legislation:
to initiate the
process of

wetland acreage. ‘Severe fkeodmg insouthern Florida

in the 1920% and again in the 1940 prompted the’
. U8, Army Corps of Engineers to build the Central

and Southern Fiorida Project for flood ‘control. This
massive andertakmg, which required leveas, water-
storage areas; channel’ improvements,’ and large

- pumps, caused additional large: modification to The

Fverglades' environment (Light and Dineen, 1994),

*.:Mechanized farm tractors had replaced horses
and mules for farm labor during this half century. The
ractors could be used more effectively than animals
for drainage aperaﬁons, and the old pasture land then
became available for improvement and production of
additional crops. In the Midwest and the North-cen-
tral States, the use of tractors probably contributed
10 the loss of millions of acres of small wetlands and
prairie potholes.

In the 1930%, the U.S. Government, in essence,
provided free engineering services to farmers to drain
wetlands; and by the 1940’, the Government shared
the cost of drainage projects (Burwell and Sugden,
1964). Organized drainage districts throughout the
country coordinated efforts to remove surface water
from wetlands {Wooten and Jones, 1955). Figure 11
shows areas of notable wetland losses between 1900
and 1930.

States with notable wetland loss,
1900 to 1950.

Figure 11,

In 1934, in stark contrast to these drainage ac-
tivities, Congress passed the Migratory Bird Hunt-
ing Stamp Act. This Act was one of the first pieces of
legisiation to initiate the process of acquiring and re-
storing America’s wetlands,

1950 TO PRESENT—CHANGING
PRIORITIES AND VALUES

By the 1960, most political, financial, and in-
stitutional incentives to drain or destroy wetlands
were in place, The Federal Government encouraged
land drainage and wetland destruetion through a
variety of fegislative and policy instruments. For
example, the Watershed Protection and Flood Pre-
vention Act (1954) directly and indirectly increased
the drainage of wetlands near flood-control projects
(Erickson and others, 1979). The Federal Government
directly subsidized or facilitated wetland losses
through its many public-works projects, technical
practices, and cost-shared drainage programs admin-
istered by the U.S. Department of Agriculture
{Erickson, 1979). Tile and open-ditch drainage were
considered conservation practices under the Agricul-
ture Conservation Program-—whose policies caused
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wetland Josses averaging 550,000 acres each yéar
from the mid-1950% to the mid1970% (Office of Tech-
nology Assessment, 1984). Agriculture was 1espon-
sibie for more than 80 percent of these losses (Frayer
and others, 1983). Figure 12 shows States with no-

' table wetland losses between 1950 and 1990.

Figure 12. States with notable wetland loss,
1950 to 1990,

Since the 1970%, there has been increasing
awareness that wetlands are valuable areas that pro~
vide important environmental functions. Public
awareness of, and education about, wetlands has in-
creased dramatically since the early 1950%. Federal
policies, such as the “Swampbuster,” have eliminaied
incentives and other mechanisms that have made the
destruction of wetlands technically and economically
feasible. New taws, such as the Emergency Wetland
Resources Act of 1986, also curtail wetland losses.
(See article “Wetland Protection Legislation” in this
volume for information on 1eg1s§anon affecting wet-
1ands.) Some of the more ambitious drainage projects
of earlier years have been abandoned. Now, places
like Lake Mattamuskeet, Horicon Marsh, and the
Okefenokee Swamp, which once were targeted for
drainage, have become National Wildlife Refuges that
provide wetland habitat for a variety of plants and ani-
mals.

The effects of the Federal policy reversal on the
rate of wetland loss are not clear. Estimates indicate
that wetland losses in the conterminous United States
from the mid-1970% to the mid-1980% were about
290,000 acres per year (Dahl and Johnson, 1991).
This is about one-half of the losses that occurred each
year in the 1950% and *60. The preceding numbers
do not include degraded or modified wetlands. Al-
though the estimate above reflects a declining rate of
toss, land development continues to destroy wetlands.

From about 1987 to the present, Federal efforts
to restore wetlands have increased. Although there is
o precise number for all of the wetland acres re-
stored, the U.S, Fish and Wildlife Service (1991) es-
timated that between 1987 and 1990 about 90,000
acres were added to the Nations wetland inventory.

Attempts are underway now 1o restore some of
The Everglades. The remaining Everglades comprise
about 2,300 square miles, three-fifths of which is
impounded in managed water-conservation areas
{Lord, 1993). This wetland system currently is expe-
riencing mercury coniamination and other water-
quality problems, water-supply and diversion contro-
versies, declining wildlife populations, increasing
pressure from tourism, urban and agriculural expan-
sion, and influx of nuisance plants.
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The magnitude of environmental alter-
ations in Florida, with nwmerous conflict-
ing interests, exemplifies the dilemma of
managing water resources and wetlands.
What initially seemed to be a matter of
water removal turned into-an extremely.
complex and costly issue involving water-
use objectives at all levels of government
{Tebean, 19803,

Today there are more than 100 dams
within the California Central Valley drain-
age basins and thousands of miles of
water-delivery capals. Water is diverted for
irrigation, hydroelectric power, and munici-
pal and indusirial water supplies. Only 14
percent of the original wetland acreage re~
mains. The Tulare Lake Basin has been
virtually drained, leaving only remnant
wetland areas and a dry lakebed, and Buena
Vista and Kern Lakes rarely contain water
{fig. 9).

Currently (1994), manipulation of
water levels in wetlands rather than the
complete removal of water as in the past,
is a trend that affects wetlands, Partial
drainage or lowering of the water levels to
altow for certain uses is becoming preva-
lent in some parts of the country. Effects of
this type of management are uncertain.

EXAMPLE OF CHANGING
ATTITUDES —HORICON

The history of the Hortcon Marsh in
Wisconsin is an example of how peoples at-
titudes toward wetlands have changed
through time (fig. 13). Horicon Marsh was
dammed, flooded, and renamed Lake
Horicon in 1846. At that time, i was the
largest manmade lake in the world (about
4 miles wide by 14 miles long) (Wisconsin
Department of Nataral Resources, 1990),
Lake Horicon was used for commercial
transportation and for commercial fishing. In 1869,
the dam was removed and the land retirned o marsh.
In 1883, two sportsmen’s clubs, which leased the
marsh area, reported that 500,000 ducks hatched an-
nuaily in the marsh. They also reported that 30,000
muskrats and mink were trapped in the southern haif
of the marsh. Huge flocks of geese also were reported
{Freeman, 1948). In 1904, attempts were made to
drain the marsh and sefl the reclaimed land for truck
farms, Lawsuits resulting from inadequate drainage
hatted the reclamation effort.

In 1921, local conservationists began efforts to
protect Horicon Marsh as a game refuge, and the State
of Wisconsin created the Horicon Marsh Wildlife Ref-
uge in July 1927. Later, to avoid legal confrontations
with the focal farmers, the State bought property and
{or) water rights to the southern half of the refuge and
the Federal Government purchased rights to the
northern half. In 1990, Horicon Marsh was added to
the sites recognized by the Convention on Wetlands
of International Importance especially as Waterfowl
Habitat.

National Water Summary—Wetland Resources: TECHNICAL ASPECTS

Estimates indicate that today slightly more than
100 million acres of wetlands remain in the conter-
minous United States. Although the rate of wetland
conversion has stowed in recent years, wetland losses
continue to outdistance wetland gains,
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Technical Aspects of Wetlands
Wetland Definitions and
Classifications in the United States
By Ra{pﬁ'W‘ Tiner’

“Wetland” is a generic term for all the different kinds of wet habitats—
implying that it is land that is wet for some period of time, but not necessarily
permanently wet, Wetlands have numerous definitions and classifications in
the United States as a result of their diversity, the need for their inventory, and
the regulation of their uses. This article provides an overview of wetland defi-
nitions and classification systems of major wetland types in the United States.
It also introduces the U.S. Fish and Wildlife Service (FWS) classification sys-
tem {Cowardin and others, 1979} that is used throughout this volume.

Wetlands typically occur in topographic settings where sarface water
collects and {or) ground water discharges, making the area wet for extended
periods of time. Examples of some of these topographic settings, and some
common names for wetland types associated with them are:

= Depressions (swales, sloughs, prairie potholes, Carofina bays, playas, ver-
nal pools, oxbows, and glacial kettles)

* Relatively flat depositional areas that are subject to flooding (intertidal flats
and marshes, coastal lowlands, sheltered embayments, shorelines, deltas,
and flood plains)

* Broad, flat areas that lack drainage outlets (interstream divides and per-
mafrost muskegs)

* Sloping terrain associated with springs, seeps, and drainageways; and rela-
tively flat or sloping areas adjacent to bogs and subject to expansion by
accumulation of peat

* Open water bodies (floating mats and submersed beds)

Cross sections of some typical wetland landscapes and the position of the wet-
land relative to specific tepographic features are shown in figure 14.

Al} areas considered to be wetlands must have enough water at some time
during the year to stress plants and animals that are not adapted to life in wa-
ter or saturated soils. A variety of wetland plant communities and soil types
have developed in the United States because of regionat differences in hydro-
logic regimes, climate, soil-forming processes, and geologic settings. Conse-
quently, tany terms, such as “marsh,” “bog,” “fen,” “swamp,” “pocosin,”
“pothole,” “playa,” “salina,” “vernal pool,” “bottom-land hardwood swamp,”
“river bottom,” “lowland,” and others are applied to different types of wet-
lands across the country.

]

WETLAND DEFINITIONS

Wetlands have been defined for specific purposes, such as research stu-
ies, general habitat classification, natural resource inventories, and environ-
mental regulations. Before the beginning of wetland-protection laws in the
1960, wetlands were broadly defined by scientists working in specialized
fields (Lefor and Kennard, 1977). A botanists definition would emphasize
plants; a soil scientist- would focus on soil properties; and a hydrologist’s defi-
nition would emphasize fluctuations of the water table.

Nonregulatory Definition

‘The FWS developed a nonregulatory, technical definition that could have
several uses, ranging from wetland protection to scientific investigations. This
definition emphasizes three important attributes of wetlands: (1) hydrology—
the degree of flooding or soil saturation; (2) vegetation—plants adapted to grow

in water or in & soil or substrate that is occasionally oxygen deficient due to Refatively flat interstream divides (including pocesing)
saturation (hydrophytes); and (3} soils—those sawrated long enough during

the gmw‘ing season to pr{aduc_e oxygcrz«ﬁeﬁc:‘ient conditions in the upper part Figure 14. Cross sections of selfected wetland
of the soil, which commonly includes the major part of the root zone of plants landscapes showing typical positions of

(hydric soilsy (Cowardin and others, 197%; Tiner, 1991). D supplement this wetlands relative to topographic features.
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Open water bodies with floating mats and
submersed beds

Figure 14. Cross sections of selected wetland
landscapes showing typical positions of
wetlands relative to topographic features,
—Continued.

" definition ‘and‘to help identify wetlands in'the United States; the FWS pre- -

pared a list of wetland plants (Reed, 1988). In addition. the Soil Conserva-
tion Service' (SCS8).dev f:loped a hst of hydnc seﬂs (U S, Soxi Conservatmn
Service, 19913,

.-On the bagis of plant and soil condmons, wetlands typically fall into one

'of three categories: (1) areas with hydmphytes and-hydric soils {tnarshes,

swamps, and bogs); (2) areas without soils but with hydrophytes (aquatic
beds and seaweed-covered rocky shores); and (3) areas without soil and
witheut hydrophytes {gravel beaches and tidal flats) that are periodically
flooded. The FWS definition generally does not include permanent deep-
water areas as wetlands, However, permanent shallow waters that commoniy
support aquatic beds and emergent plants (erect, rooted, nonwoody plants
that are mostly above water) are class;ﬁed as wetiands

%uiatery Defmlimns as Compared to Nonregulatory
initions

Inthe 1960°5 and 1970's, State and Federal environmental laws gave some
protection to wetlands. On the basis of different interests to be protected,
however, each governing body developed adifferent definition of wetlands.
Examples of some of these definitions are given in table 2. Only wet soils
vegetat@d with hydrophytes are considered as wetlands by the three Federal -
agencies involved with regulation—ithe SCS, the 1.8, Environmental Pro-
tection Agency (EPA), and the 1.8, Army Corps of Engineers (Corps). The
FW3 uses anonregulatory definition that is broader and includes aquatic beds
in shallow freshwater and naturaily acmvegetated areas. In the context of veg-
etated wetlands, all four agency definitions are conceptually the same in that
they include hydrology, vegetation, and soils,

Most States have developed regulatory definitions to protect certain wet-
lands from exploitation, Therefore, State definitions are much broader than
any of the Federal definitions. The State definitions tend to emphasize the
presence of certain plants for identification purposes (table 2). However, the
States did not produce a comprehensive list of “wetland plant species,”
making it difficult to tse vegetation consistently 1o identify the limits of wet-
tands (Tiner, 1989 and 1993&).

WETLAND CLASS!HCAT!ON

“Wetiand ciassaﬁcanon,” ‘a8’ used in thls articie, refers to the designa-
tion of different wetiand types on the basis of hydrology, vegetation, and soils.
The Federal Goverament's early atterpts to classify wetlands were motivated
largely by agricultural interests that sought to convert wetlands to cropland.
The first classification systems put wetlands into a few general categories
on the basis of location--river swamps, lake swamps, and upland swamps
(Wright, 1907). Other classification systems were related to the degree of
inundation—permanent swamps, wet grazing land, periodically overflowed
land, and periodically swampy land (Dachnowski, 1920).

Later wetland classifications developed from a need to differentiate wet-
lands from other land-cover types for regional and national planning purposes,
or because of ecological interest. Martin and others (1953) developed a “Clas-
sification of Wetlands in the United States ™ to serve as a framework for the
1954 national inventory to assess the amount and types of wetland water-
fowl habitat. Although this system is still in use, the inadequate definition
of wetland types has led to inconsistencies in application across the country
{Cowardin and others, 1979}, ’

When the FWS began a review of existing wetland inventories in 1974,
they found more than 50 classification schemes (U.S. Fish and Wildlife Ser-
vice, 1976). The only one of these that was nationally based was that of Martin
and others {1953). Subseguently, the FWS worked with several prominent
wetland scientists and mapping experts toidentify necessary elements for a
new classification system based on the concept of ecosystems (Sather, 197 6).
Four key objectives were established:

» Identify ecologically similar habitat units

» Classify these units systematically to facilitate resource-management
decisions

« Identify units for inventory and mapping purposes

+ Provide uniformity in concept and terminology throughout the country

! TB;SCS became the Natural Resources

Conservation Service in 1994,
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Table 2. Examples of wetland definitions used by Federal and State agencies in the Uinited States

FEDERAL
4.5, Fish and Witdiife Service

{Cowardin and others, 1979}

.8, Army Corps of Engineers

{33 CFR 328.3)

U.S. Environmental Protection.Agency
{40 CFR 230.3)

1,8, Soil Conservation Service

{Nationat Food Security Act Manual 1988)
{The Act is commoniy known as

the "Swamphusier”}

STATE

Connecticut
{CT General Statutes, Sections 22a-36 1o 45,
inclusive, 1972, 1987)

Connecticut

{CT General Statutes,
Sections 22a-28 to 35,
inclusive 1968}

Rhode lsland

Coastal Resources Management Council
{Rl Coastal Resources Management
Program

as amended June 28, 1983

Rhode istand

Department of Environmental
Management (Rl Gensral Law,
Sections 2-1-18 et seq.}

New Jersey

(Pineiands Protection Act,
M.J. STAT. ANN.

Section 13:18~1 10 12:29.}

New Jersey

{Coastal Wettand Protection Act -
N.J. STAT. ANN.

Section 13:18-1 to 13:9A-10}

Massachusetts
{MA General Law
Chaptar 131, Section 40}

“Wetlands are lands transitional between terrestrial and aguatic systems where the water table is usually at or
near the surface or the land is coverad by shallow water. For the purposes of this classification wetlands must
have one or more of the following three attributes: (1) at |east periodically, the land supports predominantly
hydrophytes; {2} the substrate is predominantly undrained hydric soil; and {3) the substrate is nonsoil and is
saturated with water or covered by shallow water af some time during the growing season of each year.”

“Wetiands are those areas that are inundated or saturated by surface or groundwater at a frequency and duration
sufficient 10 support, and that under normal circumstances de support, & prevalance of vegetation typically
adapted for life in saturated soil conditions. Wetlands generally include swamps, marshes, bogs, and similar
areas,”

“Wetlands are defined as areas that have & predominance of hydric soils and that are inundated or saturated by
surface or ground water at a frequency and duration sufficient to support, and under aormal circumstances do
support, a prevalence of hydrophytic vegetation typically adapted for Ffe in saturated soil conditions, excapt
lands in: Alaska identified as having high potential for agricultural development and a predominance of
permafrost soils.”

“Wettands mean land, including submerged land which consists of any of the soil types designated as poorly
drained, very poorly drained, alluvial, and floodplain by the National Cooperative Solls Survey, as may be
amended frem time to time, by the Soil Conservation Service of the United States Department of Agriculture,
Watercourses are defined as rivers, streams, brooks, waterways, lakes, ponds, marshes, swamps, hogs, and aff
other bodies of water, natural or artificial, public or private.”

"Wetlands are those areas which border on or lie beneath tidat waters, such as, but not limited to barks, bogs,
salt marshes, swamps, meadows, flats or other low lands subject 1o tidal action, including those areas now or
formerly connected to tidal waters, and whose surface is at or below an elevation of one foot above local extreme
high water.” {Alsc includes z list of plants capable of growing in tidal wetlands.}

“Coastal wetlands include salt marshes and freshwater or brackish wetlands contiguous to salt marshes. Areas of
open water within coastal wetlands are considered a part of the wetfand. Salt marshes are areas regularly
inundated by salt water through either natural or artificial water courses and where one or more of the following
species predorminate:” (8 indicator plants fisted). *Contiguous and associated freshwater or brackish marshes are
those where one or more of the following species predominate:” (9 indicator plants listad).

Fresh water wetlands are defined to include, "but not be limited to marshes; swamps; bogs; ponds; river and
stream flood plains and banks; areas subject to flooding or storm flowage; emergent and submergent plant
communities in any body of fresh water including rivers and streams and that area of fand within fifty feet (50') of
the edge of any bog, marsh, swamp, or pond.” Various wetiand types are further defined on the basig of
hydrelogy and indicator plants, including bog (15 types of indicater plants), marsh (21 types of indicator plants),
and swamp {24 types of indicater planis plus marsh plants.

“Wetlands are those lands which are inundated or saturated by water at a magnitude, duration and frequency
sufficient o support the growth of hydrophytes. Wetlands include fands with poerly drained or very poorly
drained solls as designated by the National Cocperative Soils Survey of the Soif Conservation Servige of the
United States Department of Agriculture. Wetlands include coastal wetlands and inland wetisnds, including
submerged lands.”

"Coastal wetlands are banks, low-lying marshes, meadows, flats, and other lowlands subject to tidal inundation
which support or are capable of supporting one or mare of the following plants:” (29 plants are listed). “inland
wetlands” are defined as including, but not Himited to, Atlantic white cedar swamps {15 plants listed), hardwood
swamps (18 plants specified), pitch pine lowlands {10 plants listed), bogs {12 plants identified), inland marshes (6
groups of plants listed), izkes and ponds, and rivers and streams,

“Coastal wetlands” are "any bank, marsh, swamp, meadow, fat or other low land subject to sidal action in the
Delaware Bay and Delaware River, Raritan Bay, Sandy Hook Bay, Shrewsbury River including Navesink River,
Shark River, and the coastal infand waterways extending southerly from Manasauan Inlet to Cape May Harbor, or
at any inlet, estuary, or those areas now or formerly connacted 1o tidal areas whose surface is at of below an
slevation of 1 foot above local extrame high water, and upan which may grow or is capable of growing some, but
not necessarily all, of the following:™ {18 plants are listed.) Coastal wetlands exclude “any land or real property
subject to the jurisdiction of the Hackensack Maadowiands Developrent Commission....”

“The term “freshwater wetlands’ shall mean wet meadows, marshes, swamps, bogs, areas where groundwater,
flawing or standing surface water or ice provides a significant part of the supporting substrate for a plant
community for at least five months of the year; emergent and submergant plant comsmunities in inland waters;
that portion of any bank which toushes any inland waters.” Vartous wetland typaes are further defined on the basis
of hydrology and indicator plents and include bogs (13 types of indicator plants), swamps 122 types of plants),
wet meadows (12 types of plants), and marshes {22 types of indicator plants).
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Streambed
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Streambed
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Scrub-shrub wetiand
Forested wetland

Figure 15. Classification hierarchy of wetlands and deepwater habitats
showing systems, subsystems, and classes. Sourcer Cowardin and

others, 1979}

On the basis of these objectives, the FWS devel:
oped a new wetland classification system. The sys-
tem was extensively field tested and reviewed by pub-
lic and private sectors before being published as
“Classification of Wetlands and Deepwater Habitats
of ‘the United States™ (Cowardin and others, 1979).
Singe its publication, the system has become the na-
tional and international standard for identifying and
classifying wetlands (Mader, 1991; Gopal and others,
1982).

THE U.S. FISH AND WILDLIFE SERVICE
WETLAND CLASSIFICATION SYSTEM

A synopsis of the FWS wetland classification
system is presented here. Each of the State samma-
ries in this volume gives a general summary of the
system, and a more comprehensive discussion can be
found in Cowardin and others (1979). The system de-
scribed here proceeds from general to specific, as
shown ir figure 15,

Svstem.— Bach system represents “a complex of
wetlands and deepwater habitats, that share the influ-
ence of similar hydrologic, geomorphologic, chemi-
cal, or biological factors” {Cowardin and others, 1979,
p. 4. Five systems are defined:

* Marine—open ocean and its associated coastline

» Estuarine—tidal waters of coastal rivers and
empayments, salty tidal marshes, mangrove
swamps, and tidal flats

* Riverine—rivers and strearns

» Lacustrine—Ilakes, reservoirs, and large ponds

*+ Palustrine—imarshes, wet meadows, fens, playas,
potholes, pocosins, bogs, swamps, and small
shallow ponds

The overwhelming majority of the Nation's wet-
iands fall within the Palustrine System: most of the
remaining wetlands are in the Estuarine Sysiem.

Subsvystem.—FEach system, except the Palustrine,
is divided into subsystems (fig. 15). The Marine and
Estuarine Systems have two subsystems that are de-
fined by tidal water levels: subtidal—continuously
submersed areas; and intertidal—alternately flooded
and exposed 1o air. The Lacustrine System has two
suhsystems that are defined by water depth: litteral—
the shallow-water zone where wetlands extend from
the lakeshore to a depth of 6.6 feet below low water
or (o the extent of nonpersistent emergent piants such
as arrowheads, pickerelweed, wildrice, or bulrush, it
they grow beyond that depth; and limnetic—the
deepwater zone where low water is deeper than 6.6
feet (deepwater habitat). The Riverine System has
four subsystemss that represent different reaches of a
flowing freshwater system: tidal—water levels sub-
ject to tidal fluctuations; lower perennial-—perma-
nent, slow-flowing waters having a well-developed
flood plain; upper perennial—permanent, fast-flow-
ing waters having very little or no flood plain; and in-
termitteni—streambeds with flowing water for only
part of the year.

Clasgses.—Each subsystem is divided into
classes, which describe the general appearance of the
wetland or deepwater habitat in terms of the domi-
nant vegetative form, or composition of the substrate
(table 3). For areas where vegetation covers 30, per-
cent or more of the surface, five vegetative classes are



National Water Summary—Wetland Resources: TECHNICAL ASPECTS

Table 3. Classes and subdiasses of wetlands and deepwater habitats as defined by Cowardin

and others {(1979)

Rock bottom

.Generally permanently flooded areas with bottom sub-

strates consisting of &l least 75 percent stones and
boulders and less'than 30 percent vegetative cover

Bedrock; rzbble

Unconsolidated bottom

Generally permanently flooded areas with bottom sub-
strates consisting of at least 25 percent particles smaller
than stones and less than 30 percent vegetative covet.

Cobble-gravel; sand;
mud; organic

Aquatic bed  Generally permanently floodad areas that are veg-  Algal; aquatic; rooted
etated by plants growing principally on or below the  vascular; floating vascutar
water surface.
Reef Characterized by elevations above the surrounding  Coral; mollusk; worm
suhstrate and interference with normal wave flow; they
are primarily subtidal.
Streambed  Channel whose bottom is completely dewatered atiow  Bedrock; rubble; cobble-gravel;
water periods. sand; mud; organic; vegetated
Rocky shore  Wetlands charasterized by bedrock stones or boulder  Bedrock: rubble

with areal covarage of 75 percent or mare and with less
than 30 percent coverage by vegetation,

Unconsolidated shore

Wetlands having unconsolidated substrates with less
than 75 percent coverage by stones, boulders, and bed-
rock and less than 30 percent native vegetative cover.

Cobble-gravel; sand; mud;
organic; vegetated

Moss-lichen wetland

Wetlands dominated by mosses or lichens where other

Muoss; lishen

N

plants have less than 30 percent coverags.

Emergent wetland
drophiyies,

Wetlands dominated by erect, rooted, herbaceous hy-

Persistent; nonpersistent

Scrub-shrub wetland
feet {6 metars) tall.

Wstlands dominated by woody vegetation less than 20

Deciduous; evergreesn;
dead woody plants

Forested wetland
maters} or taller

Wetlands dominated by woody vegetation 20 fest (B

Deciduous; evergreen;
dead woody plants

used—agquatic bed, moss-lichen wetland, emergent
wetland, scrub-shrub wetland, and forested wetland.
Aguatic beds may be either wetlands or deepwater
habitats. depending on water depth.

Six other classes are used where vegetation gen-
erally is absent and where substrate and degree of
flooding are distinguishing features—rock bottom,
unconsolidated bottom, reef, streambed, rocky shore,
and unconsolidated shore. Areas that are nonvegetated
and permanently flooded are classed as either rock
bottom or unconsolidated bottom. Areas that are pe-
riodically flooded are classed as streambed, rocky
shore, or unconsolidated shore. Reefs are found in
both permanently flooded (deepwater habitats) and
periodically flooded tidal areas (wetlands).

Subclass.—FBach class is divided further into
subclasses (table 3} to define the substrate in non-veg-
ctated areas or the dominant vegetation in vegetated
areas. In vegetated areas, the subclasses are—persis-
tent or nonpersistent emergents, mosses and tichens,
or broad-leaved deciduous, needle-leaved deciduous,
broad-leaved evergreen, needle-leaved evergreen, and
dead woody plants. In nonvegetated areas the sub-
classes are—bedrock, rubble, cobble-gravel, mud,
sand, and organic,

Dominance Type—~Below the subclass, domi-
nance type can be applied to specify the dominant
piant or animal in the wetland. This level allows one
o distinguish berween distinct plant corimunities

(red mapie forested wetland and pin oak forested wet-
land, or a tussock-sedge-dominated emergent wetland
and cattail-dominated emergent wetland). In this way,
individual wetlands can be grouped in ecologically
similar units.

Modifiers—The classification system also uses
modifiers to describe hydrologic, chemical, and soil
characteristics, and the effects of humans on the wet-
tands. The four specific moditiers used are—water re-
gime, water chemistry, soil, and special, These modi-
fiers can be applied to classes, subclasses, and domi-
nance types.

The water-regime modifiers describe flooding or
soil saturation and are divided into two main
groups—itidal and nontidal. Tidal modifiers can be
subdivided into two general categories—sale- and
brackish-water and freshwater. The nontidal modi-
fier—inland freshwater and saline—defines condi-
tions where runoff, ground-water discharge or re-
charge, evapotranspiration, wind, and lake seiches
(oscillation of the water} cause water-level changes.
Both tidal and nontidal modifiers are briefly defined
in table 4.

Water-chemistry modifiers are divided into two
categories: salinity and pH. The salinity modifiers
have been further divided into two groups: haline for
estuarine and marine tidal areas dominated by sodium
chloride and saline for nontidal areas dominated by
salts other than sodium chloride. The salinity and

The FWS
classification system
has become the
national and
international
standard for
identifying and
classifying wetlands.
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Table 4. 'Water regime modifiers as défined by Cowardin'and others {1979)

 Subtidal — Permanently flooded tidal waisrs

trregulaily exposed - Exposed less oftery than daily by tides
Regutarly flooded — Dally #idal flooding and exposure to air

« irregularly flooded — Flocded ess often than daily and
typicaily ex_pcaseci toair -

— Permanently flooded — Permanently flooded by tides and river
overflow but with tidal flustuation in water levels

Semiparmanently flooded — Flooded most of the growing season
by river overflow but with tidal fluctuation in water levels

Regularly #ooded ~ Daily tidal flooding and exposure to air
Seasonally flooded — Flooded irregularly by tides and river overflow

— Teamporarity floaded — Floodad irregularty by tides and for brief
p_e_rio_ds s_i_uri:jg growing season by river overflow

™ Permanently flooded — Flooded throughout the year in all years

intermittently exposed - Flooded year-round except during
extreme droughts

Semipermanently fiooded - Flooded throughout the growing
seasen in most years

Seasonally flonded — Flooded for extended periods in the growing
season, but surface water is usually absent by the end
of the growing seasocn

Saturated - Surface water is seidom present, but the substrate
is saturated to the surface for most of the growing season

The FWS wetland

classification system
has provided a
uniformity of
wetland terminology.

Temporarily ficoded — Flooded for anly brief periods during
the growing season, with the water table usually
weil below the soil surface for most of the season

Intermittently flooded ~ The substrate is usually exposed and only
flooded for variable periods without detectable
seasonal period-if:ity {may be upland in some situations)

o Artificial%y'ftéaded — Duration and amount of flooding is controlied

by pumps or siphons in combination with dikes or dams

fluctuations in salinity of water in a wetland and the
type of salt causing the salinity determines what plant
and animal species the wetland can support. The pH
modifiers identify waters that are acid (pH less than
5.5}, circumneutral (pH 5.5-7.4), and alkaiine (pH
greater than 7.43.

Soil modifiers are divided into two categories—
organic and mineral. In general, if a soil has 20 per-
cent or more organic matter by weight in the upper
16 inches, it is considered an organic soil. If it has
less than this amount, it is a mineral soil. -

Special modifiers are used to describe human or
beaver activities. These modifiers are: excavated, im-
pounded (obstruct outflow of water), diked {obstruct
nflow of water), partly drained, farmed, and artifi-
cial {materials deposited by humans to create or
modify a wetland).

Although an extensive treatment of wetlands is
beyond the scope of this article, it would be incom-
plete without examples of the classification of some
of the different wetland types. In figure 16, some of
the major wetland types are listed by their common
names and then classified by the FWS system. The
variety of wetlands and their locations also are iflus-
trated. For farther information on wetland types, see

Mitsch and Gosselink (1986}, Niering (1984}, Tiner
{1984, 1987, 1993b), and Wilen and Tiner (1993).

CONCLUSIONS

The FWS wetland classification system places
ecologically similar habitats into a hierarchal system
that permits wetland classification down to domi-
nance types, which are based on dominam plants or
substrates. The system can be used to identify units
for inventory and mapping for Federal and State wet-
land inventories: ¥t also has provided 2 uniformity of
wetland terminology. The FWS uses this classifica-
tion t determine wetland status and wends—infor-
mation useful to resource managers and planners at
all levels of government.

Since the 1954 inventory by the FWS, wetlands
have changed because of natural and human-related
activities. Wetland characteristics and values have
become better defined, more widely known. and
more appreciated. As a result, Federal and State leg-
islation has been passed to protect wetlands, and
some States have completed wetland surveys
{Cowardin and others, 1979) to aid in protecting and
managing this resource.
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1 Wiflow swamp Alaska Range east of Paxon, Alagka  Palustrine e Scrub-shrub  Broad-eaved deciduous Seasonally flonded

2 Cattail marsh Near Brainerd, Minn, Palustrine R Emergent Parsigtent Seasonally flooded
3 infand lakeshore marsh Lake Durant, NY. Lacustrine Littorat Emergent Nonpersistent Permanently ficoded
/ 4 Floating bog Adirondacks, N.Y. Pelustrine - Serub-shrub  Broad-leaved avergraen Saturated
& Salt marsh Nantucket, Mass. Estuarine Intertidal Emergent Persistent Tidal, reguiatly flooded
g Mapis-ash swamp Sussex County, N, Palustrine e Forested Broad-leaved deciduous Seasonally flooded
7 Brackish marsh Cedar Key, Fla. Estuarine Intertidat Emergent Persistant Tidai, lrregularly flooded
Cypress-gum swamp Francis Marion National Forest, S.£.  Palusttine —_ Forested Needle/roed-leaved deciduous  Semipermanently fiooded
- 9 Pacosin Francis Marion National Forest, 3.C.  Palustrine e Scrub-shrub  Broad-ieaved evergreen Saturated
10 Cottonwood riparian forest  Near Bano, Nev, Palustrine e Farested Broad-leaved deciduous Temporarily fiooded
H Wet meadow Nisquaily, Wash, Patustrine —_ Emergent Persistent Seasonally flooded
12 Biack spruce bog Juneau, Alaska Paiustrine e Forested Needie-traved evergreen Satusrated
13 Prairis pothole Devit's Lake aren, N, Dak, Palustrine - Emergent Nonpersistent Sernipermanently flooded

Figure 16, Examples of the classification for major wetland types in the United States, following Cowardin and others (1979), (Note that there
are no subsystems for the Palustrine System. Photograph 1 by David Dahl; 4 by Bill Zinni; 12 by or Hall; all others by Ralph W Tiner. All
photographers are with the U.5. Fish and Wildlife Service.}
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By Virginia Carter®

The formation, persistence, size, and function of wet-

fands are controlled by hydrelogic processes. Distribution | .

and differences in wetland type, vegetative composition,

and soil type are-caused primarily by geology, topogra- -
phy, and climate. Differences also are the product of the -
- Alaska and'along the southeastern Atlantic coastand the

movement of water through or within the wetland, water
quality, and the degree of natural or human-induced dis-
turbance. In turn, the wetland soils and vegetation alter
water velocities, flow paths, and chemistry. The hydrologic
and watem;udhty functions of wetlands, that is, the roles
wetlands play in changing the quantity or quality of wa-
ter moving through them, are related to the wetland’s physi-
cal setting.

Wetlands are distributed unevenly throughout the
United States because of differences in geclogy, climate,
and source of water (fig. 17). They occur in widely diverse
settings ranging from coastal margins, where tides and
river discharge are the primary sources of water, to high

ALASKA

inouht_airz valleys where rain and snowmelt are the primary

-sources of water. Marine wetlands (those beaches and
- racky shores that fringe the open ocean) are found in all

coastal States. Estuarine wetlands (vxhere tidal saltwater
and intand freshwater meet and mix) are most plentifulin

zulf coast. Alaska has the largest acreage of estuarine
wetlands in the United States, followed é)y Florida and
Louisiana.

Inland (nontidal) wetiands are found in all States,
Some States, such as West Virginia, have few large wet-
fands, but contain many small wetlands associated with
streams. Other States, such as Nebraska, the Dakotas, and
Texas, confain many small isolated wetlands—the lakes of

- ‘the Nebraska Sandhills, the prairie potholes, and the playa
}akes, rcspe»ctwe?y Northern States such as Minnesota and

Maine contain numerous wetlands with: organic soils

' {peatlands}, similar in origin and hydrologic and veg-

D 250 500G MILES i
Fo ; ; ;

o 250 500 KILOMETERS

g

200 MILES
0 200 KILGMETERS

Figure 17, Major wetland areas in the United States and lecation of sites mentioned in
the text. (Source: Data from T.E. Dahl, U.S. Fish and Wildlife Service, unpub. data, 1991.)

Y18, Geological Survcy

A EXPLANATION—

Approximate distribution
of iarge wetlands and
deepwater habitats

Selected locations
Great Dismal Swamp

@PEEPRROOOGO®

Predominantly
wetiand

Predominantly
despwater habitat

High density of
smatl wetlands

Atbemarie-Pamiics
Sound

The Everglades
Barataria Basin
News Madrid

Reelfoot Lake

Glaclal Lake Agassiz
Featland

Nebraska Sandhilis
Great Salt Lake
Copper River Delta

Slestrnute



36

Nationa! Water Summary-Wetland Resources: OVERVIEW OF WETLAND RESOQURCES

Typ:cal _ : Nor!
graph Y V;rgima Can‘er U Geoiag: al S0

etative characteristics to the classic bog and fen peat-
lands of northern Europe. However, peatlands are by
ne means limited to:Northern: States—they oceur in
the Southeastern and Midwestern United States wher-
ever the hydrology and chemical environment are
conducive to the accumutation of organic material,
Wetlands occur on flood plains—for example, the
broad bottom-tand hardwood forests and river swamps
(forested wetiands) of southern rivers and many of the
narrow riparian zones along streams in the Western

- United States. Wetlands are commonly associated

with lakes or can occur as isolated features of the land-
scape. They can form large complexes of open water
and vegetation such as The Everglades of Florida, the
Okefenokee Swamp of Georgia and Florida, the
Copper River Delta of Alaska, and the Glacial Lake
Agassiz peatland of Minnesota.

HYDROLOGIC PROCESSES IN
WETLANDS

Hydrologic processes occurring in wetlands are

- the same processes that occur outside of wetiands and

cotlectively are referred to as the hydrologic cycle.

- Major components of the hydrologic cycle are pre-

cipitation, surface-water flow, grouad-water flow, and
evapotranspiration (ET). Wetlands and uplands con-
tinually receive or lose water through exchange with
the atmosphere, streams, and ground water. Both afa-
vorable geologic setting and an adequate and persis-
tent supply of water are necessary for the existence
of wetlands.

The wetland water budget is the total of inflows
and outflows of water from a wetland. The compo-
nents of a budget are shown in the equation in figures
18 and 19. The relative importance of each compo-
nent in maintaining wetiands varies both spatiatly and

o High water

Low water
table

Figure 18. Components of the wetland water budget, (P + SWI + GWI = £T + SWO + GWO + A5,
where P is precipitation, SWI is surface-water inflow, SWO is surface-water outflow, GWI is ground-
water inflow, GWO is ground-water outflow, ET is evapotranspiration, and AS is change in storage.)
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MNevin Wetland, Wisconsin - Heron Pond, Alluvial Cy{;)ress Swamyp, Hinois
{Photograph by Richard P. Novitzki, - {(Protograph by William ). Mitsch,
ManTech Environmental Technolagy, Ine) - - Ohie State University)

00 5.

S Upland
{Photogragh by John M. Hetner,
L2.5, Fish and Wikdlife Service)

“Swamp
{Photograph by Virfginia Carter,
U5, Geological Survey)

Arctic Fen, west of Baker Lake, Northwest Territories, Canada Hidden Valley Marsh, Ontario, Canada

{Photograph by Migel T, Roulet,

(Photograph by Jim Gehrels,
MeGill University, Montreal}

Ontario Ministry of Environmental Energy)

Figure 19. Water budgets for selected wetfands in the United States and Canada, (P + SWI + GWI = ET + SWO + GWO + AS, where P is precipitation,
SWi s surface-water inflow, SWO is surfaceawater owtflow, GWI is ground-waler inflow, GWO is ground-water autflow, ET is evapotranspiration, and AS
is change in storage. Components are expressed in percentages, Abbreviations used: < = less than: » = greater than.) (Svurces from left to right and top to
bottom: Novitzki, 1978; Roulet and Woo, 1986; Rykiel, 1984; Rykiel, 1984; Mitsch and Gosselink, 1993; and Gehrels and Medamoottil, 1990.)
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tereporally, but all these components interact to cre-
ate the hy{imiogy of an individual wetland.
- ;The relative importance of each of the compe-

o :_: : nents of the hydrologic cycle differs from wetland to

“wetland (fig. 19): Isolated basin wetlands, typified by

rairie potholes and playa lakes, receive direct pre-
cipitation s and some. runoﬁ from surrounding uplands,

_and sometimes receive ground-water inflow. They

- lose water to ET; some lose water that seeps to ground

. water. and some-overflow during periods of excessive

L : _precxpnai;ion and ronofi. These wetlands range from
overywettodiy dependmg on seasonal and long-term

Water budgets-ﬁ

: sured.and the: magnitude of the associated errors

provide a basis for.
understanding -
hydrofﬁglc._'-

processes.of a -
wetland.

climatic cycies Wetlandsion lake or river flood plains
also receive direct precipitation and ranoff and corm-
monty receive ground-water inflow. In addition, they
can be flooded when Jakes or rivers are high, Water
drains back to the lake or river as floodwaters recede.
Wet and dry eycles in these wetlands commonly are
closely refated to lake and river water-level fluctua-
tions. Coastal wetlands, while also receiving direct
precipitation, runoff, and ground-water inflow, are
strongly influenced by tidal cycles. Peatlands with
raised centers may receive only direct precipitation
or may be affected by ground-water inflow also.
Surface-water mﬂﬁws affect only the edges of these

. Wetlancis

Detenmmﬁg waier budgets for wetlands is impre-

eise because: asthé climate varies from year to year
sodoes {he water halance. The accuracy of individual
: _'compenents ﬁepends on’how well they can be mea-

i (Vs/“mter, 1982 - Clarter; 1986). However, water budgets,

““in‘conjunction: With information on the local geology,
 provide a‘basis for. understanding the hydrologic pro-

“gessesand water chemistry of a wetland, understand-

ing its functions, and predicting the effects of natt-

" ral or human-induced hydrologic alterations. Each of

the components is discussed below.

Precipitation

Precipitation is any form of water, such as rain,
snow, sleet, hail, or mist, that falls from the atmo-
sphere and reaches the ground. Precipitation provides
water for wetlands directly and indirectly. Water is
provided for a wetland directly when precipitation
falis on the wetland or indirectly when precipitation
falls outside the wetland and is transported to the wet-
land by surface- or ground-water flow. For example,

Snow that falls on wetland basins provides surface-

Figure 20. Percentage of transpiration and evaporation from various
wetland components, (£, evaporation; T, transpiration.)

'In North Arnerica;

water flow 1o wetlands daring spring snowmeit.
Snnwmelt may aiae recharge ground water, sustain-
mer fa‘il and 'vifmi:er

" The distribution. of 135‘6011}1?3!:101’1 ‘across the
Lmted Statesiis affected by major climatic patterns.
maximum rainfall is found on'the
western slopes of mounta;n ranges inthe West along
the east coast; and:in Hawaii. Tmpzcal areas such as
Flcm{ia aﬁd Puerto Rme also receive large c;uant:tzes
of prem@ltanon By contrast, precip;tauoa is minimal
in'the continental interior where the atmosphere is
dry, the driest part of North Americais the southwest-
ern desert. Wetlands are most abundant in areas with
ample precipitation.

Evapotranspiration

The loss of water o the atmosphere is an impor-
tant component of the wetland water badget. Water
is removed by evaporation from soil or surfaces of
water bodies and by ranspiration by plants (fig. 20).
The combined loss of water by evaporation and tran-
spiration is termed evapotranspiration (ET). Solar
radiation, windspeed and turbulence, relative humid-
ity, available soil moisture, and vegetation type and
densny affect the rate of ET. Evaporation can be mea-
sured faxrly eas;ty, ‘but ET measurements, which
re{;mre ‘measuring how much water s being tran-
spired by plants on‘a daily, weekly, seasonal, or yearly
basis, are much moré difficult to make, For this rea-
SOn SCIﬁﬁElStS 1se a variety | of formulas to estimate ET
and there is some controversy regarding the best for-
mutaandthe accuracy of these estimates {Gehrels and
Mulamoottil, 1990; Carter 1986, Dolaﬁ and others,
1984; Tdso, 1981).

Evapotranspiration is highly variable both sea-
sonally and daily (Dolan and others, 1984). ET losses
from wetlands vary with plant species, plant density,
and piant status (whether the plants are actively grow-
ing or are dormant). Seasonal changes in ET also
relate 1o the water-table position (Ingram, 1983}
(more water evaporates from the soil or is transpired
by plants when the water table is closer to land sur-
face) and also to temperature changes (more water
evaporates or is transpired in hot weather than in
cold). Daily ET rates are controlled chiefly by the
energy avatlable to evaporate water——there is gener-
ally Iess at night and on cool, cloudy days.

Surface Water -

Surface watﬁr may bf: permanently, seasonally, or
zemporarﬂy presentin a wetland. Surface water is
supplied 1o wetlands thrmsgh normal streamflow,
flooding from lakes and rivers, overland flow, ground-
water discharge, and ixdes Ground water discharged
into wetlands also becomes surface water. Surface-
water outflow from wetlands is greatest during the wet
season and especially during flooding. Surface water
may flow in channels or across the surface of a wet-
land. Flow paths and velocity of water over the sur-
face of a wetland are affected by the topography and
vegetation within the wetland.

Streamflow from wetlands that have a large com-
ponent of ground-water discharge tends to be more
evenly distributed throughout the year than stream-



flow from ‘wetlands fed:primarily by ‘precipitation
{fig. 21).This is because gmund water discharge
tends o be relatively constant in quantity compa;ed
with prec;pimuoa and snowmelt.

In coastal areas, tides provrde aregular and pre-
dictable source of surface water for wetlands, affect-
ing eroswn, deposxtlon, and water chemistry. The
magnitade of daily high and lﬁw tides is affected by
the relative position of the sun and the moon—high-
est and lowest tides usually occur danng full or new
moons, Where tidal circulation is impeded by bar-
rier islands (for example, in the Albemarle-Pamlico
Sound in North Carolina, where tides are primarily
wind- dnven} or dlkﬁs and levees, tidal circulation
may be small or iughiy modified, Simng winds and
storms ¢an canse extreme changes in sea level, flood-
ing both wetlands and uplands.

Ground Water

Ground water originates as precipitation or as
seepage from surface-water bodies. Precipitation
moves slowly downward through wnsaturated soils
and rocks until it reaches the saturated zone. Water
also seeps from lakes, rivers, and wettands into the
saturated zone. This process is known as ground-
water recharge and the top of the saturated zone is
known as the water table. Groand water in the satn-
rated zone flows through aqu;fers or aguifer systems
composed of permeable rocks or other earth materi-
als in response to hydraulic heads (pressure). Ground
water can flow in shallow lecal aqaifer systems where
water is near the land surface or in deeper interme-
diate and regional aquifer systems (fig. 22). Differ-
ences in hydrauiw head cause ground water to move
ﬁack to the land surface or into surface-water bod-
ies: this process is called ground-water discharge. In
wetlands that are common dfscharge areas for differ-
ent flow systems, waters from different sources can
mix. Ground-water discharge occurs through wells,
seepage or springs, and directly through ET where the
water table is near the land surface or plant roots reach
the water table. Ground-water dlschafge will influ-
ence the water chemistry of the receiving wetland
whereas ground-water recharge will influence the
chemistry of water in the adjacent aquifer,

Wetlands most comsmonly are ground-water dis-
charge areas; however, ground-water recharge also
occurs. Ground-water recharge or discharge in wet-
lands 1s affected by topographic position, hydro-
zeology, sediment and soil characteristics, season, ET,
and climate and zmght not occur uniformly through-
out a wetland. Recharge rates in wetlands can be much
slower than those in adjacem uplands if the upland soils
are more ;;»ermeah_]e than the slightly permeable clays
or peat that usually underlie wetlands,

The accumulation and composition of peat in
wetlands are important factors influencing hydrology
and vegetation. It was long assumed that the dis-
charge of ground water through thick tavers of well-
decomposed peat was negligible because of its low
permeability, but recent studies have shown that these
layers can transmit ground water more rapidly than
previously thought (Chason and Siegef, 1986),
Peatland type (fen or bog) and plant communities are
affected by the chemistry of water in the surface lay-
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A. Perched boyg

Figure 21, Morithly streamflow from two wetlands in
northern Minnesota; A, a perched bog whose inflow
component is primarily precipitation, and B, a fen
whase inflow component i primarily ground water.
(Source: Modified from Boelter and Verry, 1977.)

ers of the wetland; the source of water (precipitation,
surface water, or ground water) controls the water
chemistry and determines what nutrients are avail-

able for plant growth. Ground-water flow in exten-  The h ydroiogy gf a
sive peatlands such as the Glacial Lake Agassiz Hand is | 1
peatland in Minnesota may be controlled by the de- wetland is lar, £¢€ Y

responsible for the
vegetation of the
wetland.

velopment of ground-water mounds (elevated water
tables fed by precipitation) in raised bogs where
ground water moves downward through mineral soils
before discharging into adjacent fens (Siegel, 1983;
Siegel and Glaser, 1987). Movement of the ground
water through mineral soils increases the nutrient
content of the water.

Coustal wetlands and shallow embayments repre-
sent the lowest point in regional and local ground-
water flow systems; ground water discharges into these
areas, sometimes in guantities large enough to affect
the chemistry of estuaries (Valiela and Costa, 1988;

LOCAL AND
REGIONAL
LGCAL AND REC}-&A&GE
INTERMEDIATE
RECHARGE 7
LOTAL §
LGUAL BECHARGE  LOCAL
RECHARGE DISCHARGE
LOCAL AND
LOCAL AND INTERMEDIATE
REGIONAL DISCHARGE

MSCHAARGE

Ground-water flow systems, Local ground-water flow systems are
recharged at topographic highs and discharged at immediately adjacent lows.
Regional ground-water flow systems are recharged at the major reglena% topographic
highs and discharged at the major regional topographic lows. intermediate flow
systems Ee between the other two systems. {Source: Maodified from Winter 1976.)

Figure 22,
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The vegetation

~ affects the
value of the wet-
“land to animals

and people.

Wmter water table
@ Low evapotransmratmn

@ Storage capacity limited 1o
surface-water

® Plants, excepl evergreens,
have ng leaves

Spring water ‘table
ummer water. tabie
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Fall water table
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& Storage capacity decreases

& Plants lose leaves and
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N I:Frgm‘e 23 Seasoaal rhanges in siorage capacity

"and evapotranspiration (ET) in wetlands.

Valiela and others, 1990). The quantity of ground water
discharged varies throughout the tidal cycle, affecting
the water chemistry of the wetland soils (Harvey and
Odum, 1990; Valielz and others, 1990},

Storage

Storage in a wetland consists of surface water,
soil moisture, and ground water. Storage capacity
yefers to the space available for water storage-~the
higher the water table, the Jess the storage capacity

- of a-wetland. Some wetlands have continuously kigh
- waer tables, but Uﬁnﬂrally, the water table fluctuates
'seasm}akiy in response to rainfall and ET. Storage
' cdpacxiy of wetlands is lowest when the water table

isnear or atihe surface~—dur1m the dormant season
when pianis Are not transpmng, foﬁowmg snowinelt,

'_'and {ory durmg the ‘wet season (ﬁg 233 St@rage
‘capacity increases 'during the growing season as

water tables decline and ET increases. When storage
capacity is high, infiltration may occur and the wet-
tand may be effective in retarding runoff. When water
tables are high and storage capacity is low, any addi-
tional water that enters the wetland runs off the wet-
land rapidly.

SOME EFFECTS OF HYDROLOGY-ON -
WETLAND VEGETATION -

“The hydrology of a wetland is largely responsible
for the vegetation of the wetland, which in turn affects
the value of the wetland to animals and people. The

duration’ and scasonahty of ﬂoodmg and (or) soil

saturation, grouad -water level, soil type, ; and drainage
characteristics exert a strong influence on the number,
type, and disuibution of p]anis and plant communities
in wetlands. A’.it.‘neuoh much is known about flooding
tolerance in ;)la,nts the effect of soil saturation in the
100t zone is Jess well understood. Golet and Lowry
(198‘7} showed that surface f}oe}dmg and duration of
saturation within the root zone, while not the only
factors influencing plant growth, accountcd for as
much as 50 percent of the variation in growth of some
plants. Plant distribution is also closely related to
wetland water chemistry; the water may be fresh or
saline, acidic or basic, depending on the source(s).
HYDROGEOLOGIC SETTINGS

The sotrce and movement of water are very im-
portant for asgesamg wetland funetion and predicting
how changes in wetlands will'affect the associated
basin. ‘Linkages. between ‘wetlands, aplands, and
deepwater habitats provide a framework for protec-
tion and management of wetland Tesotrces. Water
moving into wetlands has chemical and physical char-
acteristics that reflect its source, Oldér ground water
generally confains ‘chemicals associated with the
rocks through which it has moved; younger ground
water has fewer’ minerals because it has had less time
in contact with'the rocks. Which processes can and

will ocour within the wetland are determined by the
cha:actcnsncs of the water enterzng and the charac-

teristics of the wetland itself-—its size, shape, smiq,-

plants, and position in the basin,

Because wetlands occur in a variety of geologic
and physiographic settings, attempts have been made
to group or classify them in such a way as to identify
similarities in hydrology. For example, Novitzki
(1979, 1982) developed a hydrologic classification for
Wisconsin wetlands based on topographic position
and surface water-ground water interaction; Gosse-
link and Turner {1978) grouped freshwater wetlands
according to hydrodynamic energy gradients; and
Brinson (1993) developed a hydrogeomorphic clas-
sification for use in evaluating wetland function, (See
the articles “Wetland Definitions and Classifications
in the United States” and “Wetland Functions, Values,
and Assessment” in this volume.) Wetlands, like lakes,
are associated with Teatures where water tends to'col-
lect. They are mmmoaiy found in topographic depres-
sions, at slope breaks, in areas of stratigraphic change,
and in permafrost areas {fig. 24) (Winter and Woo,
1990).

Topographic D_#.;)ressions

Most wetlands occur in or originate in topo-
graphic depressions-these include lakes, wetland
basins, and river valleys (fig. 24A). Depressions may
be formed by movement of glaciers and water; action
of wind, waves, ahd tides; and {or) by processes as-
sociated with tectonics, subsidence, or collapse.



“Glavial fovement —Cilaciers shaped the land-
scape of many ‘of the Northern States and caused
wetlands. to form in-mountainous areas such as the
Rocky Mountains and the northern Appalachians. As
the Uiamerq advanced over the Northﬁrn Umted Siates
numemlis deprcssmns, depmmng unsorted glac;al
materials, and burying large ice masses. As the cli-
mate warmed, the glaciers retreated, leaving behmd
the dapressmns and the large masses of buried ice. As
the temperatures continued to warm,’ the ice masses
melted to form kettle holes. Tn many cases, waler
fitled the depresswns and kettle holes, formmg lakes.
As the lakes filled with sed;menis thay were replaced
by, wetlands :

Wirter movement. mWetlaz:ds also are formed by
the movement of water as it flows from upland areas
toward the coast. The flow characteristics of water are
partly determined by the slope of the streambed. On
steeply sloping land, water generally flows rapidly
through relatively deep, well-defined channeis As the
slope decreases, the water spreads out over 4 wider
area.and channels usuatly become shallower and less
defined. Shallow channels tend to meander or move
back and forth across the flood plam The changes in
flow path sometimes result in oxbow lakes and fiooti—
plain wetlands. When the river floods, the isolaied
oxbow lakes begin to fill with sediment, providing an
excellent place for more wetlands to form. Obstruc-
tion o the normal flow. of water also can cause the
water to change course and leave gouges in front of
or chanpels around the obstruction, orcan cause water
to be impounded-behind the obstruction, Many lakes
and wetlands are formed behmd dams made by
.humans-or beavers:.. .

Wind, wave, gnd ndal action. mmWeﬂancis are comn-
mon in areas 0f sand dunes caused by ‘wind, waves,
or tides. Weitlands formed in the depressions between
sand dunes are found in the Nebraska Sandhills, along
the shoreline of the Great Lakes, and on barrier
islands and the seaward margins of coastal States. In
coastal States, tides, waves, and wind causes the move-
mentof sand barriers and the closing of inlets, which
often result in the formation of shallow lagoons with
abundant associated emergent wetlands,

Tectonic activities.—Tectonic activity is respon-
sible for depression wetlands such as Reelfoot Lake
on the Mississippi River flood plain in Tennessee
caused by the 1812 New Madrid earthguake. Farth-
quakes result when twe parts of the Earth’s crust move
relative to each other, causing displacement of land.
When this occars, depressions may result along the
lines of displacement or the flow paths of rivers-may
be changed, leaving isolated bodies of water. When
a source of water coincides with these depressions,
wetlands can form.

Subsidence and collapse feamres —Land subai-
dence and collapse also can form depressions in
which wetlands and lakes occur, In some aress, es-
pecially in the Southwest, pumping of ground water
has caused the Tand above an aquifer to sink, form-
ing depressions where water collects and ‘wetlands
develop. In karst topography (landscapes resulting
from the solution of carbonate rocks such as lime-
stone), such as is found in Florids, wetlands form in
sinkheles. Collapse of volcanic craters produces
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Infrared color photograph of
oxbow lakes in the drainage
area of Hoholitna River near
- Sleetmute, Alaska.
Phatograph courtesy of
National Aeronautics and
Space Administration.)

Lotus in Reelfoot Lake,
Tennessee,

{Photograph by Virginia
Carter, L1.5. Geological
Survey)

Coastal marsh along San
Francisco Bay, California.
(Photograph by Virginia
Carter, U.S. Geological
Survey.}

This recently collapsed
sinkhole, in central
Florida, provides an ideai
spot for 2 wetland 1o form,
{Photograph by

Terry H. Thompson,

LLS. Geological Survey.}
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A. Depressions an:i slope i:reaks
Stope brea&

i

" Depression’

B, Areas of stratigraphic_ cf;%nge L

€. Permafrost areas

ExPLANATiON ;

el £ 5 di_rac_tlo_naf ‘m )f, M Emergem vegetation
ground-water How
: R Peat
Average water table
D Glacial till
flow permaabitity)

Eorest vegetation .
: Sand and gravel
{high permeability}

Scrub~sh1;ub vegetation

Figure 24. Cross sections showing principal hydrogeologic settings for
wetlands; A, stope break and depression, B, area of stratigraphic change,
and C, permafrost area.

calderas that fili with water and sediment and con-
tain'lakes or wet%ands‘

Slope Breaks

“The water table sometintes intersects zhe 1and
sarface inareas where the Jand is sloping. Where there
isan upwaré br::ak or change in slope, ground water
moves toward the water table in the flatter landscape
(fig: 24 A (Roufet, 1990; Winter and Woo, 1990),
Where ground water d}schargcs to the land surface,
wetlands form on the lower @aﬁs of the slope. Con-
stant gmmfté -waler seepage maintaing soil saturation
and ‘wetland plant communities. The Great Disma!
Swamp of Virginia and North Carolina is maintained
by seepage of ground water at the slope break at the

boteom of an anciént beach ridge that runs along the
western edge (Carter and others, 1994).

Areas of Stratigraphic Change

Where stratlgraphxc changes occur near land sur-
face ‘the layering of permeable and less- -permeable
rocks or soils affects the movément of ground water.
When water flowing through the more permeable rock
encounters the less permeable rock, it is diverted along
the surface of the less permeable rock to the land sur-
face, The contmﬁai seepage that occurs at the suiface
provides the necessary moisture for a wettand {fig.
24Bj. Fens in Towa form on valley-wall stopes where
a thin permeable horizontal layer of rock is sand-
wiched between two less permeable layers and con-
tinual seepage trom the permeable layer causes the
formation of peat (Thompson and others, 1992).

Permafrost Areas

Permafrost is-defined as soil material with a
temperature continiously below 32°F (Fahreaheit)
for more than 1 year (Brown, 1974); both arctic and
subarctic wetlands in Alaska are affected by perma-
frost (figs. 24¢ and-23). Permafrost has low perme-
ability and infiltration rates. As a result, recharge
through permafrost is extremely slow (Ford and
Bedford, 1987). In areas covered by peat, organic silt,
ordense vegetation, permafrost is commonly close to
the surface, In areas covered by lakes, streams, and
ponds, permafrost can be absent or at great depth
below the surface-water body. The surface or active
layer of permafrost thaws during the growing season.
In areas where permafrost is continuous, there is vir-
tually no hydraulic connection between ground water
in the surface layer and ground water below the per-
mafrost zone. The imperviousness of the frozen soil
slows drainage and causes water to stand in surface
depressions, forming wetlands and shallow lakes.

in discontinuous permafrost areas (fig. 23), un-
frozen zones on south-facing slopes (in the northern
hemisphere) and under lakes, wetlands, and large riv-
ers provide hydraulic connections hetween the surface
and the ground water below the permafrost zone,
Ground-water discharge to wetlands from deeper
aquifers can occur through the unfrozen zone (Will-
iams and Waller, 1966; Kane and Slaughter, 1973).
In discontinuous permafrost regions, whether a slope
faces away from or toward the sun can determine the
presence or absence of permafrost and thus influence
the jocation and distribution of wetlands (Dingman
and Koutz, 1974}, Permafrost is sensitive to factors
that upset the thermal equilibrinm. Thermokarst fea-
tures (depressions in the land surface caused by thaw-
ing and subsequent settling of the land) may be caused
by regional climatic change or human activities. These
depressions formed by local thawing of permafrost
are usuatly filled with wetlands.

WATER QUALITY IN WETLANDS

The water chemistry of wetlands is primarily a
result of geologic setting, water balance (relative pro-
pertions of inflow, putflow, and storage), quality of
inflowing water, type of soils and vegetation, and
human activity within or near the wetland. Wetlands
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