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INTRODUCTION

The U.S. Fish and Wildlife Service (Service) is the nation’s leading agency for fish and wildlife
management and conservation. Since the late 1970s, the Service's National Wetlands Inventory
Program (N'WI) has been producing large-scale wetlands maps and digital data for the country
and preparing reports on wetland status and trends. The U.S. Army has numerous wetlands on
their facilities and is interested in knowing more about the location, distribution, and types of
these wetlands for resource management and other operations purposes. In August 1996, the
U.S. Army and the Service entered into an agreement which provided funds to the Service to
perform wetland inventories on selected military installations. To date, twenty two facilities have
been inventoried. The inventories were to map wetlands based on standard NWI techniques,
produce a digital wetland map database for the facility, provide four paper copies of final quad-
sized maps and one set of clear reproducibles, and prepare a report describing the procedures
used and a summary of the wetland acres by classification type for the installation. This report
summarizes the results of the wetland inventory for the Radford Army Ammunition Plant.

Study Area

The subject report presents the findings of the wetlands inventory for the Radford Army
Ammunition Plant. The Radford AAP includes two separate units, the New River Unit (2,840
acres) and the Radford Unit (6,901 acres). The Radford facilities are located in the heart of
Southwest Virginia's New River Valley, in the Blue Ridge Mountain foothills. The New River
drainage is a gently rolling land dissected by relatively shallow to moderate drainage ways.



Figure 1. Classification of hierarchy of wetlands and deepwater habitats. (Source: Cowardin, et
al. 1979)
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Figure 2. Typical Wetlands at Radford AAP
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METHODS

The wetlands inventory was based on conventional photointerpretation techniques using mid-
altitude aerial photography. Photointerpretation involves a number of steps: 1) initial review of
aerial photos for likely wetlands identifying potential photo-signatures of wetland types and
planning a field reconnaissance trip to the study area, 2) conduct field inspection to correlate
photo-signatures with specific wetland types and to answer questions such as whether a
particular signature indicates wetland or not and to collect data on wetland plant communities
and soil types, 3) perform stereoscopic photointerpretation (including consultation of collateral.
data especially U.S. Department of Agriculture soil surveys), 4) prepare draft wetland maps,

5) conduct draft map review field work to verify accuracy of mapping, 6) make necessary edits to
draft maps, and 7) compile final NWI maps. Prior to final publication, the maps are digitized to
create a digital wetland map database for geographic information system (GIS) applications.

This allows production of color-coded maps that show wetlands and deepwater habitats for the
facility.

Wetlands and deepwater habitats were classified according to the Service’s official wetland
classification system (Cowardin, et al. 1979; Appendix A). Wetlands were typed to ecological
system, subsystem, class, subclass, water regime, and special modifiers (Figure 1; Appendix A).
Wetlands were also classified by hydrogeomorphic-type descriptors to indicate a wetland’s
landscape position, landform, and water flow path (Tiner 1997; Appendix B).

The aerial photography for this project was 1:40,000 color infrared acquired on April 11,1996.
With this imagery, wetlands 1 acre and larger were consistently mapped. Every effort was made
to identify wetlands on the facility within the inherent limitations of photointerpretation

. technology. Photointerpretation followed standard NWI conventions (U.S. Fish and Wildlife
Service 1995). '

The initial field reconnaissance trip took place on November 28, 2000. John Swords (project
coordinator for the Service) and Charles Chase (Radford AAP) participated.in this trip to ground-
truth aerial photography for photointerpretation. The draft map review field trip occurred on Oct
11, 2001. National quality assurance of the photointerpretation was performed by NWI Center
(NWIC) staff at St. Petersburg, Florida.

Map production and construction of the wetlands digital database, data analysis, GIS processing,
custom map preparation, and report preparation were prepared by the Service’s NWI regional
staff in Hadley, Massachusetts '



RESULTS

Wetland , Deepwater Habitat, HGM Maps and Digital Database

Maps showing wetlands and deepwater habitats for the Radford AAP (both facilities) were
prepared and were provided to the facility’s personnel along with the NWI paper and mylar maps
for the facility. Map data were digitally prepared to create a digital database of wetlands,
deepwater habitat and HGM classifications for the Radford AAP.

Wetland Types

Table 1 presents examples of wetland plant communities with dominant and common species
given. Thirteen species of plants were observed at Radford AAP’s wetlands: 3 tree species, 9
herbs and 1 aquatic species. (Table 2). Appendix C contains copies of field data sheets
completed during ground-truthing exercises.

Palustrine unconsolidated bottom wetlands were most common on the facility (See Table 1).
From the Hydrogeomorphic approach, most of the facility’s ponds were most common.




TABLE 1. Examples of palustrine wetland plant communities at Radford AAP

Wetland Type Dominant Species
(Map Code) '
Forested, Deciduous, Red Maple

Emergent , Persistent,
Wetland, Temporarily,
Flooded (PFO1A)

Emergent Wetland Cattail
Persistent, Seasonally,
Flooded, Saturated (PEMI1E)

Emergent Wetland, Ph:agmifes
Phragmites, Seasonally
Flooded, Excavated (PEM5Cx)

Common Associates

Sycamore, Black Gum

‘Bluejoint, Sedge

Cattail



TABLE 2. List of plants observed in Radford AAP’s wetlands.

Trees

Black Gum (Nyssa sylvaticum)
Red Maple (Acer rubrum)
Sycamore (Platanus occidentalis)

Herb

Beak Rush (Rhynchospora capitellata)
Bluegrass (Poa sp.) 4
Broad-leaved Cattail (Typha latifolia)
Bluejoint (Calamagrostis canadensis)
Broom Sedge(Carex scoparia)
Canada Rush (Juncus canadensis)
Common Reed (Phragmites australis)
Sedge (Carex sp.) '
Soft Rush (Juncus effusus)

Aquatic Bed
Duckweed (Lemna minor)



Wétland, Deepwater Habitat and HGM Acreage Summaries

* Radford AAP Radford Unit contains 13 acres of wetland habitat and 225 acres of deepwater
habitat. The New River Unit contains 3.5 acres of wetland habitat. This combined acreage
amounts to 2 percent of the facility's total land area. Appendix D contains printouts of the
statistical data for individual wetland and deepwater types as they were classified on the NWI

map.

Palustrine unconsolidated bottom wetlands were the predominant type, representing fifty percent
of the facility’s wetlands. Riverine, lower perennial, unconsolidated bottom habitat was the only
deepwater type. Linear wetlands totaled 13.2 miles including rivers and streams.

Hydrogeomorphic type (HGM) wetlands at Radford AAP were principally

NWI Wetland Type

Palustrine Unconsolidated Bottom
Riverine Unconsolidated Shore
Palustrine Forested

Palustrine Emergeht

Palustrine Unconsolidated Shore

Total

Deepwater Habitat

Riverine Unconsolidated Bottom

Total

Acreage
8.34
3.59
2.69
1.64
0.30

16.65



HGM Type

Lotic Stream, Flat

Lotic River Floodplain
Terrene Flat, Isolated
Lotic Stream, F loodplain
Terrene Basip, Isolated

Ponds

Total

Deepwater Habitats

River Throughflow

Total

Acreage
0.48
2.69
0.18
0.48
0.99
8.64 )

13.46



DISCUSSION

Use of the Wetlands Inventory Maps

The NWI maps contain various alpha-numeric codes that describe a number of wetland and
deepwater habitat characteristics including vegetation type (life-form), hydrology, water
chemistry, and special modifiers (beaver and human impacts). A publication entitled "NWI
Maps Made Easy" is provided in Appendix E to aid in interpreting map codes. This document
plus the summary of wetland types in the results section should help users begin to translate the
codes into familiar wetland types observed on the facility.

The maps show wetlands and deepwater habitats defined ecologically. Regulatory wetlands are
often a subset of the ecologic wetlands and generally must meet certain requirements in order to
be considered jurisdictional. The U.S. Army Corps of Engineers (Corps) is responsible for
regulating vegetated wetlands under the Clean Water Act and the Rivers and Harbors Act. The
Corps had developed a manual to identify wetlands (Environmental Laboratory 1987) and
subsequent guidance memoranda re: clarification of the manual. According to the Corps manual,
an area qualifies as a regulated wetland when it possesses positive indicators of three parameters:
1) hydrophytic vegetation, 2) hydric soil, and 3) wetland hydrology. While the so-called "three-
parameter test" works well for identifying the wetter wetlands (i.e., permanently flooded,
semipermanently flooded, and seasonally flooded types) as regulated wetlands, the drier-end
wetlands (i.e., seasonally saturated and temporarily flooded types) may not satisfy the regulatory
criteria ( Tiner 1999 for detailed review of wetland delineation and related topics).

~ Consequently, numerous flatwood wetlands may not have the necessary indicators to be
regulated under current guidelines. While field delineations following manual protocols are
required to determine the presence and extent of regulated wetlands, the wetland maps will help
separate the following areas: 1) wetlands that will most likely qualify as potentially regulated
wetlands, 2) wetlands that may or may not qualify as such, and 3) typical uplands (Table 3). The
latter areas may possess wetland inclusions, particularly wetlands that were not mapped due to
their small size (less than 1 acre) or that were not photointerpretable. See Appendix F. for an
overview of NWI mapping strengths and weaknesses.

Wetland Publications

A list of wetland publications that maybe of interest is included as Appendix G. Also see
Reference section for other publications. '

- 10



TABLE 3. NWI wetlands and their likelihood for regulation under current federal guidelines.
Examples of common map codes are used to designate wetland types for ease of interpreting the
maps. F = Semipermanently Flooded; C = Seasonally Flooded; A = Temporarily Flooded;

B = Saturated (seasonal).

Wetland Type or Upland Likelihood for Regulation
(Map Codes)

Semipermanently Flooded Wetlands High

(e.g., PEMIF, PSS1F, and PFO2F)

Seasonally Flooded Wetlands Moderate to High
(e.g., PEMI1C, PSS1C, PFO1C, and PFO4C)

Temporarily Flooded Wetlands Possible .

(e.g., PFO1A, PFO4A, PFO1/4A, :
PFO4/1A, and PSS1A)

Saturated Wetlands Questionable

(e.g., PEMIB, PSS1B, PFO1B,

PFO4B, and PFO4/1B)
. Uplands (U) Not Regulated (may be wetland

inclusions within these units)

NOTE: The above decisions are based on considerations of water regimes and the likelihood
that the wetland would have necessary-indicators to satisfy regulatory requirements. Field
studies are actually required to make site-specific determinations.

- 11



General Wetland Functions and Values

The location of wetlands along rivers, streams, lakes, and estuaries facilitates the performance of
certain functions. These functions are physical, chemical, and biological processes that exert a
significant influence on plants, animals, and hydrology of these sites. Major wetland functions

-include water storage, maintenance of high water tables, nutrient cycling, sediment retention,
accumulation of organic matter, and maintenance of plant and animal communities (Table 4:
Tiner 1998). These functions may be performed throughout year or only at particular times.
They also generate certain services that people now recognize as valuable whereas, in the past,
wetlands were largely viewed as wastelands whose best use could only be attained through
conversion to farmland or filled for development of various kinds.

Wetlands have been traditionally used for hunting, trapping, fishing, timber and hay production,
and livestock grazing. These uses tend to preserve the wetland integrity, although the qualitative
nature of wetlands may be modified, especially for salt hay and timber harvest. Wetlands in their
natural state provide a wealth of values to society (Table 4). These benefits can be divided into
three basic categories: 1) fish and wildlife values, 2) environmental quality values, and 3)
socioeconomic values. The following discussion emphasizes the more important values of
America’s wetlands. For more information on wetland values, the reader is referred to "In
Search of Swampland: A Wetland Sourcebook and Field Guide" (Tiner 1998), and "Wetlands"
(Mitsch and Gosselink 1993). See Appendix F for list of other wetland publications.
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TABLE 4. Major wetland functions and some of their values. (Source: Tiner 1998).

Function

Water storage

Slow water release

Nutrient retention and cycling

Sediment retention

Provision of substrate for
plant colonization

Value

Flood- and storm-damage protection, water source
during dry seasons, groundwater recharge, fish and
shellfish habitat, water source for fish and '
wildlife, recreational boating, fishing, shellfishing,
waterfowl] hunting, livestock watering, ice skating,
nature photography, aesthetic appreciation

- Flood-damage protection, maintenance of stream flows,

maintenance of fresh and saltwater balance in estuaries,
linkages within watersheds for wildlife and water-based
processes, nutrient transport, recreational boating

Water-quality renovation, peat deposits, increases in plant
productivity, decreases in eutrophication, pollutant
abatement, global cycling of nitrogen, sulfur, methane,

‘and carbon dioxide, reduction of harmful sulfates,
- production of methane to maintain Earth’s protective

ozone layer, mining (peat)

Water-quality renovation, reduction of sedimentation of
waterways, pollution abatement (contaminant retention)

Shoreline stabilization, reduction of flood crests and
water’s erosive potential, plant-biomass productivity, peat
deposits, organic export, fish and wildlife habitat
(specialized animals, including rare and endangered
species), aquatic productivity, trapping, hunting, fishing,
nature observation, production of timber and other natural
commodities, livestock grazing, scientific study,
environmental education, nature photography, aesthetic
appreciation-
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Fish and Wildlife Values

Fish and wildlife utilize wetlands in a variety of ways. Some spehd their entire lives in wetlands,

while others use wetlands primarily for reproduction and nursery grounds. Many fish and
wildlife frequent marshes and swamps for feeding or feed on organisms produced in wetlands.
Wetlands are also essential for survival of numerous endangered animals and plants with more
than half of the nation’s federally listed species dependent on wetlands to meet the requirements
for at least one life history stage.

Most freshwater fishes find wetlands essential for survival. In fact, nearly all freshwater fishes
can be considered wetland-dependent because: 1) many species feed in wetlands or upon
wetland-produced food, 2) many fishes use wetlands as nursery grounds, and 3) almost all
important recreational fishes spawn in the aquatic portions of wetlands (Peters, et al. 1979).
Chain and grass pickerels, basses, crappies, bluegills, bullheads, and carp are common species.

Waterfowl and Other Bird Habitat

In addition to providing year-round habitats for resident birds, wetlands are particularly
important as breeding grounds, overwintering areas and feeding grounds for migratory waterfowl
and numerous other birds.

Inland wetlands serve as important nesting, feeding, and resting areas for other resident and

- migrating birds. Some species using wetlands includes great crested flycatchers, pine warblers,
towhees, chickadees, titmouses, prothonotary warblers, scarlet tanagers, vireos, acadian
flycatchers, ovenbirds, black and white warblers, catbirds, common yellowthroats, brown
creepers, hooded warblers, black throated green warblers, eastern wood pewees, wood thrushes,
parula warblers, yellow warblers, redstarts, and song sparrows. American bitterns, various
waterfowl, long-billed marsh wrens, red-winged blackbirds, and swamp sparrows nest in
freshwater marshes, while veeries and yellowthroats utilize forested wetlands and wet thickets,
respectively.

Wetlands are, therefore, crucial for the existence of many birds, ranging from waterfowl and
shorebirds to migratory songbirds. - Some spend their entire lives in wetland environments, while
others primarily use wetlands for breeding, feeding, or resting.

Muskrat and beavers are the most important furbearers in the United States and they depend on
wetlands. Muskrats are more abundant and wide ranging, inhabiting both coastal and inland
marshes. Other wetland-utilizing furbearers include river otter, mink, raccoons, skunks, foxes,
and weasels. Smaller mammals also frequent wetlands such as marsh and swamp rabbits, rice
rats, numerous mice, meadow voles, bog lemmmgs and shrews, while large mammals, including
white-tailed deer, may also be observed.

" 14



Other wildlife make their homes in wetlands. Reptiles (i.e., turtles and snakes) and amphibians
(i.e., frogs and salamanders) are important residents. Turtles are most common in freshwater
marshes and ponds. The more important ones nationally are the painted, spotted, Blanding’s
map, pond, musk and snapping turtles (Clark 1979). Many snakes also inhabit wetlands, with
water snakes being most abundant throughout the U.S. (Clark 1979).

Nearly all of the approximately 190 species of amphibians in North America are wetland-
dependent, at least for breeding (Clark 1979). Frogs occur in many freshwater wetlands and
common frogs include the bull, green, leopard, mink, pickerel, wood, and chorus frogs and
spring peepers. Many salamanders use temporary ponds or wetlands for breeding, although they
may spend most of the year in uplands. Numbers of amphibians, even in small wetlands, can be
astonishing. For example, 1,600 salamanders and 3,800 frogs and toads were found in a small
gum pond (less than 100 feet wide) in Georgla (Wharton 1978)

Environmental Quality Values

Besides providing habitat for fish and wildlife, wetlands play a less conspicuous but essential
role in maintaining high environmental quality, especially for aquatic habitats. They do this in a
-number of ways, including purifying natural waters by removing nutrients, chemical and organic
pollutants, and sediment, and producing food which supports aquatic life. '

Water Quality Improvement

Wetlands help maintain good water quality or improve degraded waters in several ways:

- 1) nutrient removal and retention, 2) processing chemical and organic wastes, and 3) reducing
sediment load of water. Wetlands are particularly good water filters because of their locations
between land and open water. Thus, they can both intercept runoff from land before it reaches
the water and help filter nutrients, wastes, and sediment from flooding waters. Clean waters are
important to humans as well as to.aquatic life.

First, wetlands remove nutrients, especially nitrogen and phosphorus, from flooding waters for
plant growth and help prevent eutrophication or over-enrichment of natural waters. Itis,
however, possible to overload a wetland and thereby reduce its ability to perform this function.
Every wetland has a limited capacity to absorb nutrients and individual wetlands differ in their
ability to do so.

Wetlands have been shown to be excellent removers of waste products from water. Sloey and
others (1978) summarize the value of freshwater wetlands at removing nitrogen and phosphorus
from the water and address management issues. They note that certain wetland plants are so
_efficient at this task that some artificial waste treatment systems are using these plants. For
example, the Max Planck Institute of Germany has a patent to create such systems, where a
bulrush (Scirpus lacustris) is the primary waste removal agent. Numerous scientists have
proposed that certain types of wetlands be used to process domestic wastes and some wetlands
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are already used for this purpose (Sloey, et al. 1978; Carter; et al. 1979; Kadlec 1979). It must,
however, be recognized that individual wetlands have a finite capacity for natural assimilation of
excess nutrients and research is needed to determine this threshold (Good 1982).

Perhaps the best known example of the importance of wetlands for water quality improvement is
Tinicum Marsh (Grant and Patrick 1970). Tinicum Marsh is a 512-acre freshwater tidal marsh

lying just south of Philadelphia, Pennsylvania. Three sewage treatments plants discharge treated
sewage into marsh waters. On a daily basis, it was shown that this marsh removes from flooding
waters: 7.7 tons of biological oxygen demand, 4.9 tons of phosphorus, 4.3 tons of ammonia, and
138 pounds of nitrate. In addition, Tinicum Marsh adds 20 tons of oxygen to the water each day.

Swamps also have the capacity for removing water pollutants. Bottomland forested wetlands
along the Alcovy River in Georgia filter impurities from flooding waters. Human and chicken

wastes grossly pollute the river upstream, but after passing through less than 3 miles of swamp,
the river’s water quality was significantly improved. The value of the 2,300-acre Alcovy River
Swamp for water pollution control was estimated at $1 million per year (Wharton 1970).

Wetlands also play a valuable role in reducing turbidity of flooding waters. This is especially
important for aquatic life and for reducing siltation of ports, harbors, rivers, and reservoirs.
Removal of sediment load is also valuable because sediments often transport absorbed nutrients,
pesticides, heavy metals, and other toxins which pollute our nation’s waters (Boto and Patrick
1979). Depressional wetlands should retain all of the sediment entering them (Novitzki 1978).
In Wisconsin, watersheds with 40% coverage by lakes and wetlands had 90% less sediment in
water than watersheds with no lakes or wetlands (Hindall 1975). Creek banks of salt marshes
typically support more productive vegetation than the marsh interior. Deposition of silt is
accentuated at the water-marsh interface, where vegetation slows the velocity of water causing
sediment to drop out of solution. In addition to improving water quality, this process adds
nutrients to the creekside marsh which leads to higher.density and plant productivity (DeLaune,
et al. 1978). :

The ability of wetlands to retain heavy metals has been reported (Banus, et al. 1974; Mudroch
and Capovianca 1978; Simpson, et al. 1983¢c). Wetland soils have been regarded as primary
sinks for heavy metals, while wetland plants may play a more limited role. Waters flowing
through urban areas often have concentrations of heavy metals (e.g., cadmium, chromium,
copper, nickel, lead, and zinc). The ability of freshwater tidal wetlands along the Delaware River-
in New Jersey to sequester and hold heavy metals has been documented (Whigham and
Simpson1976; Simpson, et al. 1983a,b). Additional study is needed to better understand
retention mechanisms and capacities in these and other type of wetlands.

Aquatic Productivity

Wetlands are among the most productive ecosystems in the world and some types of wetlands
may be the highest, rivaling our best cornfield. Wetlands plants are particularly efficient
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converters of solar energy. Through photosynthesis, plants convert sunlight into plant material
or biomass and produce oxygen as a by-product. Other materials, such as organic matter,
nutrients, heavy metals, and sediment, are also captured by wetlands and either stored in the
sediment or converted to biomass. This biomass serves as food for a multitude of animals, both
aquatic and terrestrial. For example, many waterfowl depend heavily on seeds of marsh plants,
especially winter, while muskrat eat cattail tubers and young shoots.

Although direct grazing of wetland plants may be considerable in freshwater marshes, their
major food value to most aquatic organisms is reached upon déath when plants fragment to form
"detritus." This detritus forms the base of an aquatic food web that supports higher consumers,
e.g., commercial fishes. Thus, wetlands can be regarded as the farmlands of the aquatic
environment where great volumes of food are produced annually. The majority of non-marine
aquatic animals also depend, either directly or indirectly, on this food source.

Socio-economic Values

The more tangible benefits of wetlands to society may be considered socio-economic values and
they include flood and storm damage protection, erosion control, water supply and groundwater
recharge, harvest of natural products, livestock grazing, and recreation. Since these values

provide either dollar savings or financial profit, they are more easily understood by most people.

Flood and Storm Damage Protection

In their natural condition, wetlands serve to temporarily store flood waters, thereby protecting
downstream property owners from flood damage. After all, such flooding has been the driving
force in creating these wetlands to begin with. This flood storage function also helps to slow the
velocity of water and lower wave heights, reducing the water’s erosive potential. Rather than
having all flood waters flowing rapidly downstream and destroying private property and crops,
wetlands slow the flow of water, store it for a period of time, and slowly release stored waters
downstream. This becomes increasingly important in urban areas, where development has
increased the rate and volume of surface water runoff and the potential for flood damage.

In 1975, 107 people were killed by flood waters in the U.S. and potential property damage for the
year was estimated to be $3.4 billion (U.S. Water Resources Council 1978). Almost half of all
flood damage was suffered by farmers as crops and livestock were destroyed and productive land
was covered by water or lost to erosion. Approximately 134 million acres of the conterminous
U.S. have severe flooding problems. Of this, 2.8 million acres are urban land and 92.8 million
acres are agricultural land (U.S. Water Resources Council 1977). Many of these flooded
farmlands are wetlands. Although regulations and ordinances required by the Federal Insurance

_ Administration reduce flood losses from urban land, agricultural losses are expected to remain at
present levels or increase as more wetland is put into crop production. Protection of wetlands is,
therefore, an important means to minimizing flood damages in the future. '
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The U.S. Army Corps of Engineers has recognized the value of wetlands for flood storage in
Massachusetts. In the early 1970s, they considered various alternatives to providing flood
protection in the lower Charles River watershed near Boston, including: 1) a 55,000 acre-foot
reservoir, 2) extensive walls and dikes, and 3) perpetual protection of 8,500 acres of wetland
(U.S. Army Corps of Engineers 1976). If 40% of the Charles River wetlands were destroyed,
flood damages would increase by at least $3 million annually. Loss of all basin wetlands would

- cause an average flood damage cost of $17 million (Thibodeau and Ostro 1981). The Corps
concluded that wetlands protection--"Natural Valley Storage"--was the least-cost solution to
future flooding problems. In 1983, they completed acquisition of approximately 8,500 acres of
Charles River wetlands for flood protection. Undeveloped floodplain wetlands everywhere
protect against flood damages. A Wisconsin study projected that floods may be lowered as much
as 80% in watersheds with many wetlands compared with similar basins with little or no
wetlands (Novitzki 1978). Pothole wetlands in the Devils Lake basin of North Dakota store
nearly 75% of the total runoff (Ludden, et al. 1983). Destruction of wetlands through floodplain
development and wetland drainage have been partly responsible for recent major flood disasters
throughout the country. '

Besides reducing flood levels and potential damage, wetlands may buffer the land from storm
wave damage. Salt marshes of smooth cordgrass are considered important shoreline stabilizers
because of their wave dampening effect (Knudson, et al. 1982). Forested wetlands along lakes
and large rivers function similarly. ‘

Erosion Control

Located between watercourses and uplands, wetlands help protect uplands from erosion. .
Wetland vegetation can reduce shoreline erosion in several ways, including: 1) increasing
durability of the sediment through binding with its roots, 2) dampening waves through friction,
and 3) reducing current velocity through friction (Dean 1979). This process also helps reduce
turbidity and thereby improves water quality. .

Obviously, trees are good stabilizers of river banks. Their roots bind the soil, making it more
resistant to erosion, while their trunks and branches slow the flow of flooding waters and dampen
wave heights. The banks of some rivers have not been eroded for 100 to 200 years due to the
presence of trees (Leopold and Wolman 1957; Wolman and Leopold 1957; Sigafoos 1964).
Among the grass and grass-like plants, common reed and bulrushes have been regarded as the
best at withstanding wave and current action (Kadlec and Wentz 1974; Seibert 1968). While
most wetland plants need calm or sheltered water for establishment, they will effectively control
-erosion once established (Kadlec and Wentz 1974; Garbisch 1977). Wetland vegetation has been
successfully planted to reduce erosion along U.S. waters. Willows, alders, ashes, cottonwoods,
poplars, maples, and elms are particularly good stabilizers (Allen 1979). Successful emergent
plants include reed canary grass, common reed, cattail, and bulrushes in freshwater areas
(Hoffman 1977) and smooth cordgrass along the coast (Woodhouse, et al. 1976).
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Water Supply

Most wetlands are areas of groundwater discharge and some may provide sufficient quantities of
water for public use. In Massachusetts, 40% to 50% of wetlands may be valuable potential
sources of drinking water, since at least 60 municipalities have public wells in or very near

.wetlands (Motts and Heeley 1973). Prairie pothole wetlands in the Dakotas store water which is
important for wildlife and may be uscd for irrigation and livestock watering by farmers during
droughts (Leitch 1981).

Groundwater Recharge

There is considerable debate over the role of wetlands in groundwater recharge, i.e., their ability
to add water to the underlying aquifer or water table. Recharge potential of wetlands varies
according to numerous factors, including wetland type, geographic location, season, soil type,
water table location and precipitation. In general, most researchers believe that wetlands do not
serve as groundwater recharge sites (Carter, et al. 1979). Yet, few studies have shown that
certain wetland types may help recharge groundwater supplies. Shrub wetlands in the Pine
Barrens may contribute to groundwater recharge (Ballard 1979). Depressional wetlands like
cypress domes in Florida and prairie potholes in the Dakotas may also contribute to groundwater
recharge (Odum, et al. 1975; Stewart and Kantrud 1972). Floodplain wetlands also may do this
through overbank water-storage (Mundorff 1950; Klopatek 1978). In urban areas where
municipal wells pump water from streams and adjacent wetlands, "induced infiltration" may
draw in surface water from wetlands into public wells. This type of human-induced recharge has
been observed in Burlington, Massachusetts (Mulica 1977). Additional research is needed to

~ better assess the role of wetlands in groundwater recharge

Harvest of Natural Products

A variety of natural products are produced by wetlands, including timber, fish and shellfish,
wildlife, peat moss, cranberries, blueberries, and wild rice. Wetland grasses are hayed in many
places for winter livestock feed. During other seasons, livestock graze directly in many
wetlands. These and other products are harvested for human use and provide a livelihood for
many people.

In the 49 continental states, an estimated 82 million acres of commercial forested wetlands exist
(Johnson 1979). These forests provide timber for such uses as homes, furniture, newspapers, and
firewood. Most of these forests lie east of the Rockies, where trees like oak, gum, cypress, elm,
ash, and cottonwood are most important. The standing value of southern wetland forests was $8
billion in the late 1970s. These southern forests have been harvested for over 200 years without
noticeable degradation, thus they can be expected to product timber for many years to come,
unless converted to other uses.

Many wetland-dependent fishes and wildlife are also utilized by society. Commercial fishermen
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and trappers make a living from these resources. From 1956 to 1975, about 60 % of the U.S.
commercial landings were fishes and shellfishes that depend on wetlands (Peters, et al. 1979).
Nationally, major commercial species associated with wetlands are menhaden, salmon, shrimp,
blue crab, and alewife from coastal waters and catfish, carp, and buffalo from inland areas.
Recreational fishing, commercial fishing and shellfishing are valuable industries. Nationally,
furs from beaver, muskrat, mink, nutria, and otter yielded roughly $35.5 million in 1976 (Demms
and Pursley 1978). Louisiana is the-largest fur-producing state and nearly all furs come from
wetland animals.

Recreation and Aesthetics

Many recreational activities take place in and around wetlands. Hunting and fishing are popular
sports. Waterfowl hunting is a major activity in wetlands, but big game hunting is also important
locally. In 1980, 5.3 million people spent $638 million on hunting waterfowl and other
migratory birds (U.S. Department of the Interior and Department of Commerce 1982). Saltwater
recreational fishing has increased dramatically over the past 20 years, with half of the catch
represented by wetland-associated species. Estuarine-dependent fishes, i.e., fluke, bluefish,
winter flounder, and weakfish, were the most important species caught. Moreover, nearly all
freshwater fishing is dependent on wetlands. In 1975 alone, sport fishermen spend $13.1 billion
to catch wetland-dependent fishes in the U.S. (Peters, et al. 1979).

Other recreation in wetlands is largely nonconsumptive and involves activities like hiking, nature
observation and photography, and canoeing and other boating. Many people simply enjoy the
beauty and sounds of nature and spend their leisure time walking or boating in or near wetlands
and observing plant-and animal life. This aesthetic value is extremely difficult-to evaluate or
place a dollar value upon. Nonetheless, it is a very important one because, in 1980, 28.8 million
people (17% of the U.S. population) took special trips to observe, photograph, or feed wildlife.
Moreover, about 47% of all Americans showed an active interest in wildlife around their homes
(U.S. Department of the Interior and Department of Commerce 1982).

Summary

Marshes, swamps, and other wetlands are assets to society in their natural state, providing
numerous products for human use and consumption, protecting private property, and providing
recreational and aesthetic appreciation opportunities. Wetlands may also have other values yet
unknown to society. For example, a microorganism from Pine Barrens swamps has been
recently discovered to have great value to the drug industry. In searching for a new source of
antibiotics, the Squibb Institute examined soils from around the world and found that only one
contained microbes suitable for producing a new family of antibiotics. From a Pine Barrens
swamp micro-organism, scientists at the Squibb Institute have developed a new line of
antibiotics which will be used to cure diseases not affected by present antibiotics (Moore 1981).
This represents a significant medical discovery. If these wetlands were destroyed or grossly
polluted, this discovery may not have been possible. Destruction or alteration of wetlands
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eliminates or minimizes their values. Drainage of wetlands, for example, eliminates all the
beneficial effects of the marsh on water quality and directly contributes to flooding problems
(Lee, et al. 1975). While the wetland landowner can derive financial profit from some of the
values mentioned, the general public receives the vast majority of wetland benefits through flood
and storm damage control, erosion control, water quality improvement, and fish and wildlife
resources. It is, therefore, in the public’s best interest to protect wetlands to preserve these values
for themselves and future generations. Consequently, various laws have been passed to regulate
wetland uses. At the national level, the Clean Water Act is the major law conserving wetlands.
Individual states may have passed laws to protect, conserve, and restore coastal and/or inland

wetlands.
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CHAPTER 2.
U.S. Fish and Wildlife Service’s Wetland Definition and Classification System

Introduction

To begin inventorying the Nation’s wetlands, the Ser-
vice needed a definition of wetland and a classification
system to identify various wetlands types. The Service,
therefore, examined recent wetland inventories through-
out the country to learn how others defined and classified
wetlands. The results of this examination were published
as Existing State and Local Wetlands Surveys (1965-
1975) (U.S. Fish and Wildlife Service 1976). More than
50 wetland classification schemes were identified. Of
those, only one classification—the Martin, ez al. system
(1953)—was nationally based, while all others were re-
gionally focused. In January 1975, the Service brought
together 14 authors of regional wetland classifications
and other prominent wetland scientists to help decide if
any existing classification could be used or modified for
the national inventory or if a new system was needed.
They recommended that the Service attempt to develop a
new national wetland classification. In July 1975, the
Service sponsored the National Wetland Classification
and Inventqry Workshop, where more than 150 wetland

. scientists and mapping experts met to review a prelimi-
nary draft of the new wetland classification system. The

‘consensus was that the system should be hierarchical in -

nature and built around the concept of ecosystems (Sather
1976).

Four key objectives for the new system were estab-
lished: (1) to develop ecologically similar habitat units,
(2) to arrange these units in a system that would facilitate
resource management decisions, (3) to furnish units for
inventory and mapping, and (4) to provide uniformity in
concept and terminology throughout the country (Cowar-
din, et al. 1979). -

The Service’s wetland classification system was devel-
oped by a four-member team, i.e., Dr. Lewis M. Cowar-

din (U.S. Fish and Wildlife Service), Virginia Carter -

(U.S. Geological Survey), Dr. Francis C. Golet (Univer-
sity of Rhode Island) and Dr. Edward T. LaRoe (National
Oceanic and Atmospheric Administration), with assis-
tance from numerous Federal and state agencies, univer-
sity scientists, and other interested individuals. The clas-
sification system went through three major drafts and
extensive field testing prior to its publication as Clas-
sification of Wetlands and Deepwater Habitats of the
United States (Cowardin, et al. 1979). Since its publica-

tion, the Service’s classification systemn has beén widely
used by Federal, state, and local agencies, university
scientists, and private industry and non-profit organiza-
tions for identifying and classifying wetlands. At the First
International Wetlands Conference in New Delhi, India,
scientists from around the world adopted the Service's
wetland definition as an international standard and recom-
mended testing the applicability of the classification sys-
tem in other areas, especially in the tropics and subtropics
(Gopal, et al. 1982). Thus, the system appears to be
moving quickly towards its goal of providing uniformity
in wetland concept and terminology. '

Wetland Definition

Conceptually, wetlands usually lic between the better
drained, rarely flooded uplands and the permanently
flooded deep waters of lakes, rivers and coastal embay-
ments (Figure 2). Wetlands generally include the variety
of marshes, bogs, swamps, shallow ponds, and bottom-
land forests that occur throughout the country. They usu-
ally lie in depressions surrounded by upland or along
rivers, lakes and coastal waters where they are subject to
periodic flooding. Some wetlands, however, occur on
slopes where they are associated with ground-water seep-
age areas. To accurately inventory this resource, the Ser-
vice had to determine where along this natural wetness

‘continuum wetland ends and upland begins. While many

wetlands lie. in distinct depressions or basins that are
readily observable, the wetland-upland boundary is not
always easy to identify. This is especially true along many
floodplains, on glacial till deposits, in gently sloping
terrain, and in areas of major hydrologic modification. In
these areas, only a skilled wetland ecologist or other
specialist can accurately identify the wetland boundary.
To help ensure accurate and consistent wetland determi-
nation, an ecologically based definition was constructed
by the Service,

Historically, wetlands were defined by scientists work-
ing in specialized fields, such as botany or hydrology. A
botanical definition would focus on the plants adapted to
flooding or saturated soil conditions, while a hydrolo-
gist’s defintion would emphasize fluctuations in the posi-
tion of the water table relative to the ground surface over
time. Lefor and Kennard (1977) reviewed numerous defi-
nitions for inland wetlands used in the Northeast. Single
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Figure 2. Schematic diagram showing wetlands, deepwater habitats, and uplands on the landscape. Note differences in wetlands due to

hydrology and topographic position.

parameter definitions in general are not very useful for
identifying wetlands. A more complete definition of wet-
land involves a multi-disciplinary approach. The Service
has taken this approach in developing its wetland defini-
tion and classification system.

The Service has pot attcrmpted to legally define wet-

land, since cach state or Federal regulatory agency has
defined wetland somewhat differently to suit jts admin-
istrative purposes (Table 1). Therefore, according to ex-
isting wetland laws, a wetland is whatever the law says it
is. The Service needed a definition that would allow
accurate identification and delineation of the Nation’ s
wetlands for resource management purposes.

The Service defines wetlands as follows:

“Wetlands are lands transitional betwéen terrestrial and

aquatic systems where the water table is usually at or
near the surface or the land is covered by shallow water.
For purposes of this classification wetlands must have
one or more of the following three attributes: (1) at least
periodically, the land supports predominanily hydro-
phytes; (2) the substrate is predominantly undrained
hydric soil; and (3) the substrate is nonsoil and is satu-

-rated with water or covered by shallow water at some

time during the growing season of each year.” (Cowar-
din, et al. 1979)

In defining wetlands from an ecological standpoint, the
Service emphasizes three key attributes of wetlands: (1)
hydrology—the degree of flooding or soil saturatian, (2)
wetland vegetation (hydrophytes), and (3) hydric soils.
All areas considered wetland must have enough water at

some time during the growing season to stress plants and
animals not adapted for life in water or saturated soils.
Most wetlands have hydrophytes and hydric soils present,
yet many are nonvegetated (e.g., tidal mud fiats). The
Service has prepared a list of plants occurring in the
Nation’s wetlands (Reed 1988) and the Soil Conservation
Service bas developed a national list of hydric soils
(U.S.D.A. Soil Conservation Semcc 1987) to help lden-
tify wetlands. :

Particular attention should be paid to the reference to
flooding or soil saturation during the growing season in
the Service’s wetland definition. When soils are covered
by water or saturated to the surface, free oxygen is gener-
ally not available to plant roots. During the growing sea-
son, most plant roots must have access to free oxygen for
respiration and growth; flooding at this time would have
serious implications for the growth and survival of most
plants. In a wetland situation, plants must be adapted to
cope with these stressful conditions. If, however, flood-
ing only occurs in winter when the plants are dormant,
there is little or no effect on them.

Wetlands typically fall within one of the foliowing four
categories: (1) areas with both hydrophytes and hydric
soils (e.g., marshes, swamps and bogs), (2) areas without
hydrophytes, but with hydric soils (e.g., farmed wet-
lands), (3) areas without soils but with hydrophytes (e.g.,
seaweed-covered rocky shores), and (4) periodically
flooded areas without soil and without hydrophytes (e.g.,
gravel beaches). All wetlands must be periodcially satu-
rated or covered by shallow water during the growing
season, whether or not hydrophytes or hydric soils are
present. Completely drained hydric soils that are no



Table 1.
Organization (Reference)

U.S. Fish and Wildlife Service
(Cowardin, et al. 1979)

U.S. Army Corps of Engincers
(Federal Register, July 19, 1977) and
U.S. Eavirohmental Protection
Agency (Federal Register, December
24, 1980)

U.S.D.A. Soil Conservation Service
(National Food Security Act Manual,
1988)

State of Rhode Island Coastal
Resources Mgmt. Council’

(RI Coastal Resources Mgmt. Program
as amended June 28, 1983)

State of Rhode Island Dept.

of Environmental Mgmt.

(RI General Law, Sections 2-1-18 et
50q.)

Wetland Definition

“Wetlands are lands transitional between ter-.

restrial and aquatic systems where the water
table is usually at or near the surface or the
land is covered by shallow water. For pur-
poses of this classification wetlands must
bave one or more of the following threc
attributes: (1) at least periodically, the land
supposts 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 at some time during the growing sea-
son of each year.”

Wetlands are “thosc arcas that arc inundated
or saturated by surface or ground water at a
frequency and duration sufficient to support,
and that under normal circumstances do sup-
poet, a prevalence of vegetation typically
adapted for life in saturated soil conditions.
Wetlands gencrally include swamps,
marshes, bogs and similar areas.”

“Wetlands are defincd as areas that have a
predominance of hydric soils and that are in-

" undated or saturated by surface or ground

water at a frequency and duratioa sufficient
to support, and under normal circumstances
do support, a prevalence of hydrophytic veg-
ctation typically adapted for life in saturated
soil conditions, except lands in Alaska iden-
tified as having a high potential for agricul-
tral development and a pmdoxmnanee of -
permafrost soils.”

“Coastal wetlands include salt marshes and
freshwater or brackish wetlands contiguous
to sait marshes. Areas of open water within

"+ coastal wetlands'are considered a part of the

wetlaod. Salt marshes are areas regularly in-
undated by salt water through cither natural
or artificial water courses and where one or
more of the following species predominate:
[8 indicator plants listed]. Contiguous and
associated freshwater or brackish marshes
are those where one or more of the follow-
ing species predominate: [9 indicator plants
listed).”

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 submu'geut plant
communities in any body of fresh water in-
chuding rivers and streams and that area of

land within fifty fect (50°) of the edge of any -

bog, marsh, swamp, or pond.” Various wet-
land types are further defined on the basis of
hydrology and indicator plants, including
bog (15. types of indicator plants), marsh (21
types of plants), and swamp (24 types of in-
dicator plants plus marsh plants).

Definitions of “wetland” according to selected Federal agencies and state statutes.

Comments

This is the official Fish and Wildlife Service
definition and is being used for conducting
an inveatory of the Nation’s wetlands. It em-
phasizes fiooding and/or soil saturation,
hydric soils and vegetation. Shallow lakes
and ponds are included as wetland. Com-
preheansive lists of wetland plants and soils
are available to further clarify this definition.

Regulatory definition in response to Section
404 of the Clean Water Act of 1977. Ex-
cludes similar areas lacking vegetation, such
as tidal flats, and does not define lakes,
ponds and rivers as wetlands. Aquatic beds
arc considered “vegetated shallows” and in-
cluded as other “waters of the United
States” for regulatory purposes.

This is the Soil Conservation Service’s defi-
nition for implementing the “Swampbuster™
provision of the Food Security Act of 1985.
Any area that meets hydric soil criteria is
considered to have a predominance of hydric
soils. Note the geographical exclusioa for
certain Jands in Alaska.

‘ State’s public policy on coastal wetlands.

Definition based on hydrologic connection to
tidal waters and presence of indicator plants.
Note: Original definition made reference to
the occusrence and extent of salt marsh peat;
it was probably deleted since many salt
marsh soils arc not peats, but sands.

Fresh Water Wetlands Act definition. Several
wetland types are further defined. The defi-
nition includes decpwater arcas and the 100-
year flood plain as wetland. Minimum size
limits are placed on ponds (one quarter
acre), marsh (onc acre), and swamp (three
acres). Under the definition of “river bank,”
all Jand within 100 fect of any flowing body
of water less than 10 feet wide during nor-
mal flow and within 200 feet of any flowing
body of water 10 feet or wider is protected
as wetland.



longer capable of supporting hydrophytes due to a change
in water regime are not considered wetland. Areas with
completely drained hydric soils are, however, good in-
dicators of historic wetlands, which may be suitable for
restoration through mitigation projects. .

It is important to mention that the ‘Service does not

generally include permanently flooded deep water areas
as wetland, although shallow waters are classified as
wetland. Instead, these deeper water bodies are defined as

decpwater habitats, since water and not air is the principal

medium in which dominant organisms live. Along the
coast in tidal arcas, the deepwater habitat begins at the
extreme spring low tide level. In nontidal freshwater
areas, this habitat starts at a depth of 6.6 feet (2 m)
because the shallow water areas are often vegetated with
emergent wetland plants.

Wetland Classification

The following section represents a simplified overview
of the Service’s wetland classification system. Conse-
quently, some of the more technical points have been
omitted from this discussion. When actually classifying a
wetland, the reader is advised to refer to the official
classification document (Cowardin, et al. 1979) and
should not rely solely on this overview.

The Service's wetland classification system is hier-
archial or vertical in nature proceeding from general to
specific, as noted in Figure 3. In this approach, wetlands
are first defined at a rather broad level—the SYSTEM.
‘The term SYSTEM represents “a complex of wetlands and
deepwater habitats that share the influence of similar
hydrologic, geomorphologic, chemical, or biological
factors.” Five systems are defined: Marine, Estuarine,
Riverine, Lacustrine and Palustrine. The Marine System
generally consists of the open ocean and its associated
high-energy coastline, while the Estuarinie System en-
compasses salt and brackish marshes, nonvegetated tidal
shores, and brackish waters of coastal rivers and embay-
ments. Freshwater wetlands and deepwater habitats fall
into one of the other three systems: Riverine (rivers and
streams), Lacustrine (lakes, reservoirs and large ponds),
or Palustrine (e.g., marshes, bogs, swamps and small
shallow ponds). Thus, at the most general level, wetlands
can be defined as cither Marine, Estuarine, Riverine,
Lacustrine or Palustrine (Figure 4).

Each system, with the exception of the Palustrine, is
further subdivided into SUBSYSTEMS. The Marine and
Estuarine Systems both have the same two subsystems,
which are defined by tidal water levels: (1) Subtidal—
continuously submerged areas and (2) Intertidal—areas

alternately flooded by tides and exposed to air. Similarly,
the Lacustrine System is separated into two- systems
based on water depth: (1) Littoral—wetlands extending
from the lake shore to a depth of 6.6 feet (2 m) below low
water or to the extent of nonpersistent emergents (e.g.,
arrowheads, pickerelweed or spatterdock) if they grow
beyond that depth, and (2) Limnetic—deepwater habitats
lying beyond the 6.6 feet (2 m) at low water. By contrast,
the Riverine System is further defined by four subsystems
that represent different reaches of a flowing freshwater or
lotic system: (1) Tidal-—water Ievels subject to tidal fluc-
tuations, (2) Lower Perennial—permanent, flowing wa-
ters with a well-developed floodplain, (3) Upper Peren-
nial—permanent, flowing water with very little or no

‘floodplain development, and (4) Intermittent—channel

containing nontidal flowing water for only part of the
year. )

The next level —CLASS—describes the general ap-
pearance of the wetland or deepwater habitat in terms of
the dominant vegetative life form or the nature and com-

* position of the substrate, where vegetative cover is less

than 30% (Table 2). Of the 11 classes, five refer to areas
where vegetation covers 30% or more of the surface:
Aquatic Bed, Moss-Lichen Wetland, Emergent Wetland,

‘Scrub-Shrub Wetland and Forested Wetland. The remain-

ing six classes represent areas generally lacking vegeta-
tion, where the composition of the substrate and degree of
flooding distinguish classes: Rock Bottom, Unconsoli-

- dated - Bottom, Reef (sedentary -invertebrat¢ colony),

Streambed, Rocky Shore, and Unconsolidated Shore.
Permanently flooded nonvegetated areas are classified as
either Rock Bottom or Unconsolidated Bottom, while
exposed areas are typed as Streambed, Rocky Shore or
Unconsolidated Shore. Invertebrate reefs are found in
both permanently flooded and exposed arcas.

Each class is further divided into SUBCLASSES to
better define the type of substrate in nonvegetated areas
(e.g., bedrock, rubble, cobble-gravel, mud, sand, and
organic) or the type of dominant vegetation (e.g., persis-
tent or nonpersistent emergents, moss, lichen, or broad-
leaved deciduous, needle-leaved deciduous, broad-
leaved evergreen, needle-leaved evergreen and dead
woody plants). Below the subclass level, DOMINANCE
TYPE can be applied to specify the predominant plant or
animal in the wetland community.

To-allow better description of a given wetland or deep-
water habitat in regard fo hydrologic, chemical and soil
characteristics and to human impacts, the classification
system contains four types of specific modifiers: (1) Wa-
ter Regime, (2) Water Chemistry, (3) Soil, and (4) Spe-
cial. These modifiers may be applied to class and lower
levels of the classification hierarchy.



System Subsystem

Subtidal

[—erine

Subtidal

— Estuarine ————

Intertidal

Rocky Shore

Unconsolidated Shore
Emergent Wetland
Scrub-Shrub Wetland
Forested Wetland

Unconsolidated Bottom

Rock Bottom
EAquadc Bed

Lower Peretinial

— Riverine ——

Upper Perennial

WETLANDS AND DEElp WATER HABITATS

Rocky Shore
Unconsolidated Shore
Emergent Wetland
Rock Bottom
EUnconoolidaud Bottom
Aquatic Bed

Rocky Shore
Unconsolidated Shore
Emergent Wetland

Rock Bottom
FUnconsdidated Bottom
Aquatic Bed

Rocky Shore
Unconsolidated Shore

Str o

Int"ermiment

J—Rock Bottom

Littoral

U lidated Bottom
LAquntic Bed

Unconsolidated Bottom

Rock Bottom
E Aquatic Bed

Rocky Shore
EUncousoﬁdated Shore
Emergent Wetland
Rock Bottom
Unconsolidated Bottom
[~ Aquatic Bed .-
I~ Unconsolidated Shore

— Palustrine

Figure 3. Classification hierarchy of wetlands and decpwater habitats showing systems, subsystems, and classes. The Palustrine System does

not include decpwater habitats (Cowardia, et al. 1979).

Moss-Lichen Wetland
-~ Emergent Wetland
}—Scrub-Shrub Wetland
~Forested Wetland




RIVERINE
WATER

UPLAND
PALUSTRINE
WETLAND
LACUSTRINE
WETLAND
' LACUSTRINE
WATER
LACUSTRINE
WATER
PALUSTRINE
WETLAND RESERVOIR
DAM
LEGEND
ST s+« System’ Boundary
ESTUARINE ‘

_ WATER - WETLAND CLASSES .
ESTUARINE

WETLAND Intertidal Beach
B rical Fiat
2 Aquatic Bed
Ej Emergent Wetland
| ‘Forested Wetland
UPLAND

MARINE WATER MARINE
(OCEAN) WETLAND

Figure 4. Diagram showing major wetland and deepwaler habitat systems. Predominant wetland classes for each system are also designated.
(Note: Tidal flat and beach classes are now considered unoonsohda!ed shore.)
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Table 2. Classes and subclasses of wetlands and deepwater habitats (Cowardin, ef al. 1979).

Class

Rock Bottom
Unconsolidated Bottom

Aquatic Bed
Reef
Streambed
R;xcky Shore

Uncoasolidated Shore*

Moss-Lichen Wetland

Emergent Wetland
" Scrub-Shrub Wetland

Brief Description

Generally permanently flooded areas with bottom substrates
consisting of at least 75% stones and boulders and less than 30%
vegetative cover.

Genenilly permanently flooded arcas with bottom substrates
consisting of at least 25% particles smaller than stones and less
than 30% vegetative cover.

Genenally permanently flooded arcas vegetated by plants grow-
ing principally on or below the water surface line.

Ridge-like or mound-like structures formed by the colonization
and growth of sedeatary invertcbrates.

Channel whosc bottom is completed dewatered at low water

periods.

Wetlands characterized by bedrock, stones or boulders with
areal coverage of 75% or more and thh less than 30% coverage
by vegetation.

Wetlands having unconsolidated substrates with less than 75%

coverage by stone, boulders and bedrock and less than 30% -

vegetative cover, except by pioncer plants.

(*NOTE: This class combines two classes of the 1977
operational draft system—Beach/Bar and Flat)

Wetlands dominated by mosses or lichens where other plants
have less than 30% coverage.

‘Wetlands dominated by erect, rooted, herbaceous hydrophytes.
Wetlands dominated by woody vegetation less than 20 feet (6 m)

Subclasses

Bedrock; Rubble,
Cobble-gravel; Sand; Mud; Organic

Algal; Aquatic Moss; Rooted Vascular;
Floating Vascular

Coral; Mollusk; Worm

Bedrock; Rubble; Cobble-gravel; Sand;
Mud; Organic; Vegetated

Bedrock; Rubble

Cobble-gravel; Sand; Mud; Organic;
Vegetated

Moss; Lichen

Persistent; Nonpersistent
Broad-leaved Deciduous; Needle-leaved

tall.

Forested Wetland

Water regime modifiers describe flooding or soil sat-
uration conditions and are divided into tWo main groups
(1) tidal and (2) nontidal. Tidal water regimes are used
where water level fluctuations are largely drivea by oce-
anic tides. Tidal regimes can be subdivided into two
general categories, one for salt and brackish water tidal
areas and another for freshwater tidal areas. This distinc-
tion is needed because of the special importance of sea-
sonal river overflow and ground-water inflows in fresh-
water tidal areas. By contrast, nontidal modifiers define
conditions where surface water runoff, ground-water dis-
charge, and/or wind effects (i.e., lake seiches) cause
water level changes. Both tidal and nontidal water regime
modifiers are presented and briefly defined in Table 3.

Water chemistry modifiers are divided into two catego-
ries which describe the water’s salinity or hydrogen ion
concentration (pH): (1) salinity modifiers and (2) pH
modifiers. Like water regimes, salinity modifiers have
been further subdivided into two groups: halinity modi-
fiers for tidal areas and salinity modifiers for nontidal
areas. Estuarine and marine waters are dominated by so-

Wetlands dominated by wood vegetation 20 feet (6 m) or taller.

Dexiduous; Broad-leaved Evergreen;
Needle-leaved Evergreen; Dead
Broad-leaved Deciduous; Needle-keaved
Deciduous; Broad-leaved Evergreen;
Needle-leaved Evergreen; Dead

dium chloride, which is gradually diluted by fresh water
as one moves upstream in coastal rivers. On the other
hand, the salinity of inland waters is dominated by four
major cations (i.e., calcium, magnesium, sodium and po-
tassium) and three major anions (i.e., carbonate, sulfate,
and chloride). Interactions between precipitation, surface
runoff, ground-water flow, evaporation, and sometimes
plant evapotranspiration form inland salts which are most
common in arid and semiarid regions of the country. Table
4 shows ranges of halinity and salinity modifiers which
arc a modification of the Venice System (Remane and

Schlieper 1971). The other set of water chemistry modi-

fiers are pH modifiers for identifying acid (pH<S5.5),
circumneutral (5.5-7.4) and alkaline (pH>7.4) waters.
Some studies have shown a good correlation between
plant distribution and pH levels (Sjors 1950; Jeglum
1971). Morcover, pH can be used to distinguish between
mineral-rich (e.g., fens) and mineral-poor wetlands (2.,
bogs).

The third group of modifiers—soil modifiers—are pre-
sented because the nature of the soil exerts strong influ-
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‘Table 3. Water regime modifiers, both tidal and nontidal groups (Cowardin, ef al. 1979).

Group Type of Water
Tidal Saltwater
and brackish areas
Freshwater

Noatidal Inland freshwater
and saline areas

Water Regime
Subtidal
Irregularly exposed
Regularly flooded

Ireguladly flooded
Permanently flooded-tidal

Semipermanently flooded-tidal

Regularly flooded
Seasonally flooded-tidal
Temporarily flooded-tidal

Permaneatly flooded
Inlcrhxiucudy exposed
Semipermanently flooded
Scasonally flooded

Saturated
Temporarily flooded

Intermitteatly flooded

Artificially flooded

Table 4.  Salinity modifiers for coastal and inland areas  *
(Cowardin et al., 1979).

- Approximate

Specific -

Coastal Iniand Salinity Conductance
Modifiers! Modifiers? (%) (Mbeos at 25° C)
Hyperhaline Hypersaline >40 >60,000
Euhaline Eusaline 3040 45,000-60,000
Mixohaline Mixosaline3 5-30 ~800-45,000
(Brackish) .
Polyhaline Polysaline 18-30 30,000-45,000
Mesohaline Mesosaline 5-18 8,000-30,000
Oligohaline Oligosaline ~ ~ 0.5-5 800-8,000
Fresh Fresh <0.5 <800

1Coastal modifiers are cmployed in the Marinc and Estuarine Sys-

tems.

2Inland modifiers are employed in the Riverine, Lacustrme and

Palustrine Systems.
3The texm “brackish™ should not be used for inland wetlands or

decpwater habitats.

Definition

WUyﬁM tidal waters

Exposed less often than daily by tides

Daily tidal fiooding and exposure to air .

Flooded less often than daily and typically exposed to air
mancndyﬂookdbyﬁdes and river or exposed irregularly by

- Flooded for most of the growing scason by river overflow but
with tidal fluctuation in water levels

Daily tidal flooding and exposure to air

Flooded irregularly by tides and seasonally by river overflow
Flooded imregularly by tides and for brief periods during growing
season by river overflow

Flooded throughout the year in all years

Flooded year-round except during extreme droughts

Flooded throughout the growing season in most years

Flooded for extended periods in growing scason, but surface
water is usually absent by end of growing season

Surface water is seldom present, but substrate is saturated to the
surface for most of the season

Flooded for only brief periods during growing season, with water
tnblq usually well below the soil surface for most of the season

Substrate is usually exposed and only flooded for variable peri-

ods without detectable seasonal periodicity (Not a]ways wetland:

may-be upland in some situations)

Duration and amount of flooding is controlled by means of
pumps or siphons in combination with dikes or dams

ences on plant growth and reproduction as well as on the
animals living in it. Two soil modifiers are given: (1)
mineral and (2) organic. In general, if a soil has 20
percent or more organic matter by weight in the upper 16
inches, it is considered an organic soil, whereas if it has
less than this amount, it is a mineral soil. For specific
definitions, please refer to Appendix D of the Service’s
classification system (Cowardin, e al. 1979) or to Soil
Taxonomy (Soil Survey Staff 1975).

" The final set of modifiers—special modifiers—were
established to describe the activities of people or beaver
affecting wetlands and deepwater habitats. These modi-
fiers include: excavated, impounded (i.e., to obstruct
outflow of water), diked (i.e., to obstruct inflow of wa-
ter), partly drained, farmed, and artificial (i.e., materials
deposited to create or modify a wetland or deepwater
habitat).




12

References

Cowardin, L.M., V. Carter, F.C. Golet and E.T. LaRoe. 1977. Classi-
fication of Wetlands and Deep-water Habitats of the United States
(An Openstional Draft). U.S. Fish and Wildlife Service. October
1977. 100 pp.

Cowardin, L.M., V. Carter, F.C. Golet and E.T. LaRoe. 1979. Classi-
fication of Wetlands and Decpwater Habitats of the United States.
U.S. Fish and Wildlife Service, Washington, DC. FWS/OBS-79/31.
103 pp.

Gopal, B., R.E. Turner, R.G. Wetzel and D.F. Whigham. 1982. Wet-

lands Ecology and Management. Proceedings of the First Interna-
tional Wetlands Confercace (September 10-17, 1980; New Dethi,
India). National Institute of Ecology and International Scieatific Pub-
lications, Jaipur, India. 514 pp.

Jeglum, J.K. 1971. Plant indicators of pH and water level in peat lands
at Candle Lake, Saskatchewan. Can. J. Bot. 49: 1661-1676.

Lefor, M.W. and W.C. Kennard. 1977. Inland Wetland Definitions.
University of Connecticut, Institute of Water Resources, Storrs. Re-
port No. 28. 63 pp.

Martin, A.C., N. Hotchkiss, F.M. Uhler and W.S. Bourn. 1953. Classi-
fication of Wetlands of the United States. U.S. Fish and Wildlife
Service, Washington, DC. Special Scientific Report, Wildlife No.
20. 14 pp. : ,

Reed, P.B., Jr. 1988. National List of Plant Species that Occur in

Wetlands: 1988 National Summary. U.S. Fish and Wildlife Service,
National Ecology Research Ceater, Ft. Collins, CO. Biol. Rep.
_ 88(24). 244 pp.
Remane, A. and C. Schiieper. 1971. Biology of Brackish Water. Wiley
Interscience Division, Jobn Wiley & Sous, New York. 372 pp.
Sather, J.H. (editor). 1976. Proceedings of the National Wetland Classi-
fication and Inveatory Workshop, July 20-23, 1975, at the University
of Maryland. U.S. Fish and Wildlife Service, Washington, DC. 358

pPp-

Shaw, S.P. and C.G. Fredine. 1956. Wetlands of the United States.
U.S. Fish and Wildlife Service, Washington, DC. Circular 39. 67 pp.

Sjors, H. 1950. On the relation between vegetation and electrolytes in
north Swedish mire waters. Oikos 2: 241-258. '

Soil Survey Staff. 1975. Soil Taxonomy. Department of Agriculture,
Soil Conservation Service, Washington, DC. Agriculture Handbook
No. 436. 754 pp.

U.S. Fish and Wildlife Service. 1976. Existing State and Local Wet-
lands Surveys (1965-1975). Volume II. Narrative. Office of Biolog-
ical Services, Washington, DC. 453 pp.

U.S.D.A. Soil Conservation Service. 1987. Hydric Soils of the United
States. In cooperation with the National Technical Committee for
Hydric Soils. Washington, DC.



Appendix B. F ieid Data Sheets



y ~ X
31020600 oryedanto
NWI FIELD DATA SHEET
SITENO._/ _ REPORTED BY: _J. Jwogds . DATE: /72800
OTHER PARTICIPANTS:__C._Chqsc ,
. Lbcunonu:wo,boo Map):__Sdve 55(/ f&€_  USGS.QUAD:___Pubdn
'l;OWN: Duf{in/ | COUNTY: Loiq sty STATE:_Q_ :

Brief description of site relative to identifiable points on topographic map:

(Attach copy of topographic map)

——

NWI MAP. CLASSIFICATION:_
LANDSCAPE POSITION: _

WATER FLOW PATH:

IN-FIELD CLASSIFICATION: __AvZ 44
LANDFORM: ,
OTHER:

DESCRIPTION OF PLANT COMMUNITY

Dominance Type:

Common Plants:

{Less Common Plants:

LIST OF HYDROLOGY INDICATORS

|_____Standing Water Présent Depth
Water Marks Present (explain)

—____Buttressed Trunks (Species)

—____Peat Moss

Water-stained Leaves
Water-carried Debris
—__Other Hydrology Signs (specify)

____ Saturated Soils Present Within

____Shallow Roots (Species)

Bare (scoilred) Areas
Oxidized Rhizospheres




DUBLIN QUADRAN(

VIRGINIA—-PULASKI ¢

¢ 1A
VIRGI(I.:IES 7.5 MINUTE SERIES (TOPO(
RESOUR SW/4 RADFORD 15 QUADRANOL
o CHRISTIANSBURG 4 M. . .
S30) |1370000 FEET 531 A RADFORD 5 M. ! 32 :

.o < *

W/

!

'. -
AN <%
B

v
-
Watde T
AR

s Q% \°
ewbegn
e -

g

ST,

= s



BO5RG coosnasa00

NWI FIELD DATA SHEET
SITE NO. £ REPORTED BY: __ J. Swoels . DATE:/j-28-0
OTHER PARTICIPANTS: .
LOCATION(1:100,000 Map):__B(ur Zetd J& _ US.G.S. QUAD: Dubiw
TOWN:__Dyb &inv ‘ COUNTY: __ A lasty STATE:_v4_ |

Brief description of site relative to identifiable points on topographic map:

(Attach copy of topographié map)

NWI MAP. CLASSIFICATION: — ' | IN-FIELD CLASSIFICATION: _2:p/4
| LANDSCAPE POSITION: y - LANDFORM: 2A =
WATER FLOW PATH: TIs OTHER:

DESCRIPTION OF PLANT COMMUNITY

Dominance Type: %//4 /T I, } v
Common Plants: : ~ CArex 154,41/. Juncevs f;«A_ng[u

_FoA (g) , Phyac he #oca crpstecasd

Less Common Plants:

LIST OF HYDROLOGY INDICATORS

:___Standing Water Present

Depth  _____Saturated Soils Present Within___|
Water Marks Present (explain)___ I '
Buttressed Trunks (Species) _ - _____Shallow Roots (Species)
—____Peat Moss Bare (scoured) Areas
‘ Water-stained Leaves __Oxidized Rhizospheres
‘ Water-carried Debris '

Other Hydrology Signs (specify)___




<\

DUBLIN QUADRANC
VIRGINIA—PULASKI C
7.5 MINUTE SERIES (TOPOC

SW/4 RADFORD 15' QUADRANGL
CHRISTIANSBURG 14 M!. (532 s
530) |1370000 FEET 5311 / raoForD 5 M!. 4:

o e . A W ;
2 s
.
. o o,
.
.

* VIRGINIA
RESOURCES




Q

B1080a 0 0003138200

NWI FIELD DATA SHEET
SITENO. 3 REPORTED BY:__J. SwprfS DATE: /-24-00
OTHER PARTICIPANTS:__ €. Chas€ .
LOCATION(1:100,000 Map):_ #lvg ¢t/ S€  US.G.S. QUAD: DudGw
TOWN: Dybtin COUNTY:____ Pvlas ks STATE: VA |
Brief description of site relative to identifiable points on topographic ma p:
(Attach copy of topographic maﬁ)
NWI MAP CLASSIFICATION: __— __ IN-FIELD CLASSIFICATION: __Aca/¢
-|LANDSCAPE POSITION: LANDFORM: -
WATER FLOW PATH: OTHER:_
|DESCRIPTION OF PLANT COMMUNITY
|Dominance Type: R A/y a¢ A S folA CApite ylartd
Common Plants:  Josees (2ol (\ptg Ll /5¢4
|Less Common Plants: 4 {4 (am g /J ros¥rr Crvadewcrs
LIST OF HYDROLOGY INDICATORS
_/__Standing Water Present_J -~ _Depth | _____Saturated Soils Present Within
Water Marks Present (explain)____ S '
| Buttressed Trunks (Species) _ : Shallow Roots (Species)
| Peat Moss - ____Bare (scoured) Areas
Water-stained Leaves Oxidized Rhizospheres
‘ Water-carried Debris '
- Other Hydrology Signs (specify)___




CCCCC

s S8
Zgaz
MR
NS >3
AUSS
SE W2
CIlEg
< £
Zz Pz
=g e
mxEs

2>z

= .

0 s

&~

"4

VIRGINIA
RESOURCES



S0a 2 0ooU 38000

Water-carried Debris

NWI FIELD DATA SHEET

SITENO._Y _ REPORTED BY: T, Jwords DATE. Zap-o

OTHER PARTICIPANTS: .

LOCATION(1:100,000 Map): __4&¢ frs(d _I€  USGS.QUAD:___ Do blw

TOWN:__of¢ o w ‘ county:__Po Casks STATE:_¥4__ |

Brief description of site relative to identifiable points on topographic map:

(Attach copy of topographic map)

NWI MAP. CLASSIFICATION: __—— " IN-FIELD CLASSIFICATION: ___/c/1/4

{LANDSCAPE POSITION: ’ LANDFORM: :

WATER FLOW PATH: OTHER;

DESCRIPTION OF PLANT COMMUNITY

Dominance Type: _ CaCam ayres 42 Cannden /’)

Common Plants:

Less Common Plants:_ . ?('(7)( vo < Ao dpurd Cap11ELL 400

LIST OF HYDROLOGY INDICATORS

: Standing Water Present Depth _____Saturated Soils Present Within___|

. Water Marks Present (explain) - '
Buttressed Trunks (Species) ___Shallow Roots (Speecies)_
Peat Moss ____ Bare (scourcd) Areas
Water-stained Leaves Oxidized Rhizospheres

_h;Other Hydrology Signs (specify) g&éq.’;/ A




. - 9

DUBLIN QUADRANC
VIRGINIA-PULASKI C
7.5 MINUTE SERIES (TOPOC
SW/4 RADFORD 15 QUADRANGL)
CHRISTIANSBURG 14 MI. _ .
1 370000 FEET 531 RADFORD 5 M. 1932

" VIRGINIA
RESOURCES




00«4 o5 88000

NWI FIELD DATA SHEET

4

SITE NO._5_ REPORTED BY:__J. Swo/ds
OTHER PARTICIPANTS: '

DATE: //- 8-

LOCATION(1:100,000 Map):_#4ve fic(/ $&  U.S.G.S.QUAD: 24w

TOWN:__Dv4Ciw B county:__Polssty

—_Water-carried Debris A
—Other Hydrology Signs (specify)___

STATE:_ V4 '
Brief description of site relative to identifiable points on topographic map:
(Attach copy of topographic map)
NWI MAP.CLASSIFICATION: — " IN-FIELD CLASSIFICATION: __ Pem/q
| LANDSCAPE POSITION: LANDFORM: .
WATER FLOW PATH: OTHER:A
DESCRIPTION OF PLANT COMMUNITY
{Dominance Type: s Twwmeys  QfFulpS
Common Plants: _ Upliowe LA, Ceex (s2)
Less Common Plants: ' Leigpus  (sp / ” Carex  sc, 40 A
LIST OF HYDROLOGY INDICATORS
| Standing Water Present____ Depth ' ____ Saturated Soils Present Within___|
| Water Marks Present (explain) o ' ' .
Buttressed Trunks (Species) - : Shallow Roots (Species)
Peat Moss Bare (scoured) Areas
Water-stained Leaves . ' Oxidized Rhizospheres




§)

DUBLIN QUADRANC(

VIRGINIA ~PULASKI ¢
- 7.5 MINUTE SERIES (TOPOC
s

W/4 RADFORD 15’ QUA

VIRGINIA
RESOURCES

1532




SVE5 C000(1 33000

¢

NWI FIELD DATA SHEET

SITE NO._6 REPORTEDBY: __ J. Jao Jr. ' DATE:_{/-2f-03

OTHER PARTICIPANTS: C Ayse

LOCATION(1:100,000 Map): ___£/¢ el S USGS.QUAD. il v

COUNTY: Mg;aagrz STATE:_¥#4

Brief description of site relative to identifiable points on topognphic map:

TOWN:

(Attach copy of topographic mab)

NWI MAP. CLASSIFICATION: __—

|LANDSCAPE POSITION:

IN-FIELD CLASSIFICATION: ___ AriScy
LANDFORM: -

WATER FLOW PATH:

OTHER:

DESCRIPTION OF PLANT COMMUNITY

Dominance Type: _ Phsa i Ates avs 24 {.s

Common Plants:

[t & Sed

Less Common Plants: ‘ T/\;/Lg

LIST OF HYDROLOGY INDICATORS

__)_/__Standing Water Présent < +s_Depth
Water Marks Present (explain)

" Saturated Soils Present Within__

Buttressed Trunks (Species)

Shallow Roots (Species)

‘ Peat Moss
| Water-stained Leaves
Water-carried Debds

Bare (scdured) Areas
Oxidized Rhizospheres

‘ Other Hydrology Signs (specify)___




N




)

Awm,rt o ¥
h INWYRE
«-u ‘ 8 (4/.
. -.0 /,N/\J o
. . > /(MO\I.F\), 7
P / R
e 3

<




5708005 COCTIAR30m o

{\

NWI FIELD DATA SHEET
SITENO._7 REPORTED BY: __ T« Syords DATE:_//-2¢ -06
OTHER PARTICIPANTS: C  (fase .
LOCATION(:100,000 Map):__Blwifcd S€  USGS.QUAD:___Ridrd A7

Brief description of site relative to identifiable points on topogriphic map:

(Attach copy of topographic map)

NWI MAP CLASSIFICATION:___ — ' m-mr.w CLASSIFICATION: geme’
| LANDSCAPE POSITION: ¥ Cal LANDFORM: 44 ,
|WATER FLOW PATH: zrd OTHER:

|DESCRIPTION OF PLANT COMMUNﬁ'Y

{Dominance Type: 7;4///4 (ot Gia
Common Plants: Ceppard )'u.vo/# (4 4m 4 71/‘0/ 7% (grva Denses
'Less Common Plants; l4rex ( 90,/,1

LIST OF HYDROLOGY INDICATORS

_¥__Standing Water Present_b s»_Depth " ___Saturated Soils Present Within__
Water Marks Present (explain) _ o '
Buttressed Trunks (Species) _ - _____ShallowRoots (Species)
—___Peat Moss ____Bare (scohred) Areas
Water-stained Leaves ____Oxidized Rhizospheres
Water-carried Debris |

—_Other Hydrology Signs (specify)____




NWI FIELD DATA SHEET
SITENG. 8 °  REPORTEDBY: Xt JSweedy S DATE I Fae
OTHER PARTICIPANTS: ' ]
LOCATION(1:100,000 Map): Blute o, S US.G.S. QUAD: &{}W 7z A

Brief description of site relative to identifiable points on topographic map:

(Attach copy of topographic map)

NWIMAP.CLASSIFICATION: ___ ~——— m.mw CLASSIFICATION: Pﬁm
|LANDSCAPE POSITION: ' LANDFORM:
WATER FLOW PATH:____ OTHER:

DESCRIPTION OF PLANT COMMUNITY

Dominance Type: _ ﬁCe / Jj//u A _
Common Plants: ﬂfy e olldewlyy , Nysa  Syha Yregn
. |{Less Common Plants:

LIST OF HYDRbLOGY INDICATORS

____ Standing Water Present Depth ' _____Saturated Soils Present Within__~_
Water Marks Present (explain) R '
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Appendix C. Acreage and linear mileage totals of wetlands and HGM Acreage at.
Radford AAP



Radford Army Ammunition Plant
Radford Unit
Linear Wetlands

Palustrine Emergent Wetlands

Attribute Frequency miles
PEM1Cx 13 3.23
PEM5Cx : 1 0.02
total 14 325
Palustrine Forested Wetlands

Attribute Frequency miles
PFO1A 1 0.1
total 1 0.1
Riverine Unconsolidated Boftom Wetlands
Attribute Frequency miles
R2UBH 1 0.06
R3UBH 1 1.09
total 2 1.156
Riverine Streambed Wetlands

Attribute . Frequency miles
[R4SBC T 7] 4.60]
total 17 460

Overall Total 19 575



Radford Army Ammunition Plant
Radford Unit
Polygonal Wetlands and Deepwater Habitats

Palustrine Emergent Wetlands

Attribute Frequency Acres
[PEM1E | 1] 0.16]
total 1 0.16
Palustrine Forested Wetlands

Attribute Frequency Acres
[PFOTA 1 [ 269
total 1 2.69
Palustrine Unconsolidated Bottom Wetlands
Attribute Frequency Acres
PUBHh 1 0.96
PUBHx 2 0.18
PUBKXx 6 5.39
total 9 6.53

Palustrine Unconsolidated Shore Wetlands

Attribute Frequency Acres
[PUSC | ] 0.04)
total 1 0.04
Riverine Unconsolidated Bottom Wetiands

Attribute Frequency Acres
|R2UBH 1 1] 221.95]
total 11 221.95
Riverine Unconsolidated Shore Wetlands
Attribute Frequency Acres
R2USA 4 2.82
R2USC 1 0.77
total 5 3.59

Overall Total 17 234.96



Radford Army Ammunition Plant
Radford Unit
HGM Data

Lotic River Floodplain Wetlands

HGM code Frequency Acres

|LR1FPATH | 1] 2.69]
1 2.69

Isolated Ponds

HGM code Frequency Acres

PD1IS 1 0.04

PD3IS 8 5.56
9 5.61

Throughflow Ponds

HGM code Frequency Acres

|PD2THhw | 1] 0.96{
1 0.96

Rivers

HGM code Frequency Acres

IRVATH } 16|  225.55|

16 225.55

Terrene Basin Isolated Wetlands

"HGM code Frequency Acres

|TEBAIS ] 1] 0.16]
1 0.16

Total Wetlands 28 234.95



Radford Army Ammunition Plant
New River Unit
Linear Wetlands

Palustrine Emergent Wetlands

Attribute Frequency miles
[PEM1Cx | 9] 3.15]
total 9 3.15
Riverine Unconsolidated Bottom Wetlands
Aftribute Frequency miles
R2UBHXx 2 0.83
R3UBH 1 0.77
total 3 1.6
Riverine Streambed Wetlands

Attribute Frequency miles
R4SBC 5 2.61
R4SBCx 1 0.13
total 6 274

Overall Total 18 7.49

W



Radford Army Ammunition Plant
New River Unit
Polygonal Wetlands

Palustrine Emergent Wetlands

Attribute Frequency Acres

PEM1A 1 0.48
PEM1B i 0.18
PEMI1C 1 0.29
PEM1E 2 0.54
Total 5 1.48

Palustrine Unconsolidated Bottom Wetlands

Attribute Frequency Acres

PUBHh 3 1.61
PUBHXx 1 0.21
Total 4 1.82

Palustrine Unconsclidated Shore Wetlands

Attribute Frequency Acres

PUSCh 1 0.08
PUSCx 1 0.18
Total : 2 0.26

Total Wetlands 3.56



Radford Army Ammunition Plant
New River Unit

HGM Data
Lotic Wetlands
HGM Code Frequency Acres
[LSaFLTHhw | [ 048]

Total 1. 048

Isolated Ponds
HGM Code Frequency Acres

D2IS 3 0.57
PD3IS 2 0.38
Total 5 0.94
Throughfiow Ponds
HGM Code Frequency Acres

- [PD2THAW [ . 1] 1.13]
Total 1 1.13

Terrene Basin Isolated Wetlands

‘HGM Code Frequency Acres
|TEBAIS | 3]  0.83]

Total 3 0.83

Terrene Flat Isolated Wetlands

HGM Code Frequency Acres
[TEFLIS 1 1] 0.18]
Total 1 0.18

Total Wetlands 11 3.56
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NWI MAPS MADE EASY

A User's Guide to

‘National Wetlands Inventory Maps

of the Northeast Region

by

Glean S. Smith
U.S. Fish & Wildlife Service
" Ecological Services - NWI
Hadley, MA 01035-9589

November 1991

Additional copie:: may be ordered from:

U.S. Fish & Wildlife Service
Ecological Services - NWI
300 Westgate Ceater Drive

Hadley, MA 01035-9589



Introduction

The purpose of this document is to explain how to read and interpret information from a
National Wetlands Inventory map. By following the "decoding™ procedure examples, the
user will learn to quickly decipher the wetland classification code. The user will be given
definitions of specific terms, and examples of wetland types are presented in the accom-
panying tables. This User's Guide also clarifies some of the seemingly complex wetland
terminology and provides a quick reference table to general wetland types.

National Wetlands Inventoi’y‘

The U.S. Fish & Wildlife Service's National Wetlands Inventory Project (NWI) was -
established in 1974 to produce information on the characteristics, locations and extent
of wetlands and deepwater habitats on a nationwide basis. The two main types of infor-
mation produced are wetland maps and status and trends reports. The maps are used
for local and regional site-specific planning and management purposes, while the status
and trends reports provide information on the type, amount, location and causes of
wetland changes on a regional and national scale.

Classification System

In order to provide national consistency of wetland concepts, terminology and classifica- -
tion for its National Wetlands Inventory Project, the U.S. Fish and Wildlife Service devel-
oped a new classification system, Classification of Wetlands and Deepwater Habitats of
the United States. The classification system was developed in 1979, and takes a hierar-
chical approach to classifying different wetland types. It first describes wetlands broadly
by five systems: Marine, Estuarine, Riverine, Lacustrine, and Palustrine. The tenmn sys-
temm is defined as "...a complex of wetlands and deepwater habitats that share the influ-
ence of similar hydrologic, geomorphologic, chemical, or biological factors™ (Table 1). -
Each system (with the exception of the Palustrine System) is divided into subsystems
based on major hydrologic characteristics (Table 2). Subsystems are subdivided info
classes, describing the general vegetative types or substrate types (Table 3). The
classes are then divided into subclasses which describe specific vegetative and sub-.
strate types. Additional "modifiers™ describing hydrologic and soil properties, water
chemistry, or physical modifications of. the wetland, are commonly used following the
class or subclass level designation (Tables 4, 5 ,6 and 7).

s




The National Wetlands Inventory (NWI) Map

The main product of the National Wetlands Inventory is the |arge—séale NWlmap. These
maps show approximate boundaries and wetland classifications on a 1:24,000 scale*

U.S. Geological Survey topographic base map ( Figure 1). Actual wetland classifications

are abbreviated on the map as alpha-numeric codes. These map codes canbetrans-
lated using the map legend located in this guide and at the bottom of each NWi map.

The classification system, its terminology, and alpha-numeric map codes may seem
overwhelming at first, but the user does not need a thorough understanding of the classi-
fication system to use the maps. The following section shows how quick and easy it is to
translate any map code into a meaningful description of a particular wetland type.

*Most maps are produced at the 1:24,000 scale, however, some maps are only available at the 1:25,000 or
1:62,500 scals.
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Figure 1. Scction of NWI map - Presque Isle Peninsula - Erie North Quadrangle, Pennslyvania



How To Interpret the Map Codes

Each map code consists of an ordered serties of letters and numbers (alpha-numeric)-
that reflect certain characteristics of wetlands and deepwater habitats. - While the num-
ber of characters in each map code may vary from three to ten symbols depending on-
the date of the map production, most codes will have from five to seven characters. Al
maps will have at least three characters for the system, subsystem and class. All map
codes are identified under the appropriate system in the map legend at the bottom of

" each map. The most commonly used codes will be described in the tables of this guide.

Since Palustrine (inland freshwater) and Estuarine (coastal salt and brackish) wetlands
are the most common types of wetlands on the maps, they will be used as examples.

Example #1: E2ZEM1P6

Step 1. The first cha/acter is an upper case letter representtng which
SYSTEM the wetland belongs to.

"= the ESTUARINE SYSTEM (salt and brackish
tidal wetland)

{Refer to Table 1 for descriptions of SYSTEMS.)

Step>2. The second character is a number, (except in the Palustrine System -
no qusystems} which represents the SUBSYSTEM.

= the INTERTIDAL SUBSYSTEM (periodically flooded
by tides).

LR N

(Refer to Table 2 for descriptions of SUBSYSTEMS.)

Step 3. The third character is a set of two upper case letters representing
the CLASS. - -
EM | = the EMERGENT CLASS (non-woody vegetation)

v i

(Refer to Table 3 for descriptions of CLASSES.)

. T o -~ BT R
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Step 4. The next character is a number representing the SUSBCLASS,

= the PERSISTENT EMERGENT SUBCLASS
{vegetation remains throughout the year)

(Note: To determine SUBCLASS, you must. refer to the legend under the

appropriate CLASS to find the proper subclass, i.e., SUBCLASS codes are
not_interchangeable between CLASSES )

(The SUBCLASSES are generally self explanatory; refer to map legend.)

Step 5. The next character is an upper case letter representing the
WATER REGIME MODIFIER.

= the IRREGULARLY FLOODED, TIDAL WATER
REGIME (flooded less than once daily)

{Refer to Tables 4, 5 and 6 for descriptions of WATER REGIMES.)

Step 6. Following the WATER REGIME MODIFIER, there may be additional

numbers or lower case letters identifying WATER CHEM/STRY or
SPECIAL MODIFIERS. '

= the OLIGOHALINE WATER CHEMISTRY MODIFIER
(salinity between 0.5 and 5.0 ppt)

(Refer to Table 7 for descnpttons of commonly used
additional MODIFIERS.)

There is no limit to how many additional modifiers may be used to describe
" a wetland. Generally, however, there will m only one modlﬁer following the
WATER REGIME MODIFIER.

Solution: E2EM1P6 means ESTUARINE INTERTIDAL PERSISTENT EMERGENT
WETLAND, IRREGULARLY FLOODED, OLIGOHALINE
{common name = slightly brackish marsh).




Example #2: PFO1Cb

Step 1. The first character is an upper case letter representing
which SYSTEM the wetland belongs to.

= the PALUSTRINE SYSTEM (freshwater wetland)

{Refer to Table 1 for descriptions of SYSTEMS.)

Remember, there are no SUBSYSTEMS in the Palustrine
System. Proceedto Step 2 to determine the CLASS.

Step 2. The second character in a Palustrine wetland classification, is a set
of two upper case letters representing the CLASS.

= the FORESTED CLASS (tree-dominated)

(Refer to Table 3 for description of CLASS.)

Step 3. The next character is a number represeh ting- the SUBCLASS.

= the BROADLEAF DECIDUOUS SUBCLASS
(hardwoods that drop their leaves annually)

(Note: To determine subclass. you must_refer to the legend under the appropri--

ate CLASS to find the proper subclass, i.e., subclass codes are mot interchange-
able between classes.) B

=

- {The SUBCLASSES are generally self explanatory; refer to map legend.)

Step 4. The next charactér is an upper case letter which -représents
the WATER REGIME MODIFIER.

C = the NONTIDAL SEASONALLY FLOODED
WATER REGIME (flooded for two weeks or more
during the growing season) '

(Refer to Tables 4, S.and 6 for descriptions of WATER REGIMES.)



Step 5. . Following the WATER REGIME MODIFIER, there may. be additional
nurnbers or lower case letters identifying WATER CHEMISTRY or
"SPECIAL MODIFIERS. '

= the BEAVER SPECIAL MODIFIER (crea_ted by or
. modified by beaver activity)

(Refer to Table 7 foc desc:iptions.of,com'monly used additional
- modifiers.)

Solution: PEO1Cb means: PALUSTRINE, FORESTED WETLAND, BROADLEAF
DECIDUOUS, .SEASONALLY FLOODED, BEAVER MODIFIED
{common name - wooded swamp).




NWI Map Uses and Uimitations

The brief statement below, found in the map legend, outlims how the map was produced

and some limitations of map use.

SPECIAL NOTE

This document was prepared primarily by stereoscopic analysis of high altitude aerial photographs. .
Wetlands were identified on the photographs based on vegetation, visible hydrology, and geographyin
accordance with Classification of Wetlands and Deepwater Habitats of the United States, (FWS/08S -
79/31 December 1979).The aerial photographs typically reflect conditions during the specific year and
season when they were taken. In addition, there is a margin of evorinherent in the use of the aerial
photographs. Thus, a detailed on the ground and historical analysis of a single site may result in a
revision of the wetland boundaries established through photographicinterpretation. ta addition, some
small wetlands and those obscured by dense forest cover may not be included on this document.

Federal, State and localregulatory agencies with jurisdiction over wetlands may define and describe _
wetlands in a different manner than that used in this inventory. Thereis no attempt, in either the design
or products of this inventory, to define the kmits of propaetary jurisdiction of any Federal State or

local government or to establish the geographical scope of the regulatory programs of government
agencies. Persons intending to engage in activities involving modifications within or adjacent to .
wetland areas should seek the advice of appropriate Federal, State or local agencies concerning
speciftied agency requlatory programs and proprietary jurisdictions that may affect such activities.

The information on the NWI map is an excellent source of general wetland locations,
boundaries and characteristics, however, as stated in the SPECIAL NOTEitis not a .
substitute for intensive on-ground, site-specific investigations when detailed inforima-
tion is required. Due to the fimitations of the photointerpretation process, all wetlands

are not shown on the NWI map. Certain wetland types such as evergreen forests can be

difficult to identify on aenal photographs and are sometimes missed. Aquatic bed wet-
lands are often not visible on eary spring photography, making identification nearly
- impossible without the use of collateral information. Also, the drier wetland types are dif-

ficult to detect, especially on aerial photography taken during drier seasons, dry years or

during drought conditions. NV maps are utilized by a wide variety of users such asen- _

gineers, environmental consultants, local conservation commissions, foresters, hunters
and fisherman, planning commissions as well as local, county, state and federal conser-
vation and regulatory agencies. Some of the common uses of the maps include project
review, analysis of wildlife habitat, comprehensive management plans, land
acquisition, oil spill contingency plans, baseline data, environmental impact.

assessment, identification and education, permit review, wetland evaluation,

and utility corridor and facility siting.
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Regularly Flooded (N)

lregularly’ Flooded (P)"
¥ :

_Flooded most times except extreme low tides

Flooded and exposed by tides at least once daily

- “Flooded less often than once daily by tides













LAKE SHORE OR SHALLOW WATER ZONE OF

AQUATIC VEGETATION IN LAKE

SHALLOW WATER ZONE OF LAKE




ADDITIONAL TIPS FOR INTERPRETING THE NWI MAP

*The inverted omega éymljol U represents non-wetlands or uplands.

e

* All wetland polygons are fabelled with a map code; the label is located either inside the
polygon or a leader line runs from the map code into the appropriate polygon.

PSSIC_ S m L2ABH

*Wetlands that are too narrow to be delineated with polygons are identified by linear
symbols consisting of a dashed line. or a series of dots and dashes.

*Each linear wetland is {abelled with a leader fline running from the map code. -

];5515 \/ ’F’;:JBH

% *Alinear wetland may form the boundary of a wetland polygon, orrunthrough a wetland

polveen. | | PFOIAd

T\PFOI

EMIR e R3UBHx

~~*The ends of a linear segment which form the boundary of a wetland polygon, ora
... classification change along a linear segment are shown by a short dash, perpendncula(

to the linear feature.

PSSIE R2UBH
\§/ R uBHR 3 —PEMIFh

- 3UBH -

*Some map codes indicate a mixture of either c/asses or subclasses within a single
~ polygon. The class or subclass listed first in the mixed map code is dominantin terms
of the amount of surface area covered by that classification type.

mixed class PFOII_SS|E or:- P—z—g—-lE
mixed subclass PSS | / BBO\ or % 55—-13—'80\

[
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LIST OF NATIONAL WETLANDS INVENTORY
MAP DISTRIBUITON OUTLEYTS FOR THE NORTHEASTERN U.S.

U.S. Fish and Wildlife Service - Region 5

State Outlets (verified 4/97)

Lod ) Al Levere
CT Dept. Env' 1. Protection
Natural Resources Center
Maps and Publication Sales
79 Elm Street
Hartford, CT 06106
860-424~3643

"DE  For Quantities of 1-5 Only:

Delaware Dept. of Natural
Resources

Wetlands Section

89 Kings Highway

P.O. Box 1401

Dover, DE 19903

302-739-4691

For Any Size Order:

Gerald A. Donovan
Associates, Inc.

429 South Governors Avenue

Dover, DE 19904

302-674-2903

ME Bob Tucker
Maine Geological Survey
© 22 State House Station
Augusta, ME 04333-0022
207-287-2801

MD Maryland Geological Survey
‘Dale Shelton, Publications
- 2300 St. Paul Street
Baltimore, MD 21218
410-554-5505

* Dennis Swartwout
M2, Earth Science Information
PA, Office
VA Blaisdell House
Univ. of Massachusetts
Amherst, MA 01003
413-545-0359
413-545-2304 FAX

NH Bea Jillette
Office of State Planning
State of New Hampshire
2 1/2 Beacon Street
Concord, NH 03301
603—271—2155

*Also distributes NWI wmaps for AZ,
MR, Th, I, MS, MO, and NM
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NJ Dept. Env'l. Protection
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NWI Maps: What They Tell Us

National Wetlands Inventory maps continue to be the most frequently requested
source of wetland data in the country. Yet the maps are frequently misinterpreted,
prompting this review of what exactly NWI maps measure — and what they don‘t

By R.W. Tiner

ince the U.S. Fish and Wildlife Service began

producing National Wetlands Inventory (NWI)

maps in the mid-1970s, many advances in

wetand science, technology, and protection have
- been made. The definition of wedand has been

better articulated, largely out of the need 1o
identify specific boundarics on the ground for regulatory pur-
poses. Significant changes in the NWI mapping procedures and
technology have improved the quality of the maps.

However, NWI maps have major advantages and disadvan-
tages, and expectations about.using 2a NWI map to identify
wetlands mustbe realistic. Recent studies evaluating NW1 maps
have demonstrated that the maps are being improperly inter-

preted. These studies either were unaware of or did not consider

NWT's target mapping unit (sec below). Rather than cvaluace the
accuracy of what NWI was intending to map versus whatic
actually did map, studies hiave simply oompued NWI maps 10
field delineations without regard to wetland size or wetland
photointerpretability. In addition, some researchers believed that

the smallest wetdand designated on a NWI map is the minimum

‘mapping unit, rather than being simply the tiniest wetland
shown. While most of the asscssments involved ficld work, one -
study compared NWI maps to soil survey data and made claims
about the inaccuracy of NWI maps without any ficld data. These
rescarchers also assumed that all hydric soil map units were
regulated wetands and even dedlared that somewhar poorly

drained soils are often such wetlands.

In this article, I will describe the major strengths and weak-
nesses of NWI maps. I also will discuss the differences between
NWI wetlands and regulated wedands and between hydric soil
map units and NWJ wetlands. Finally, I offer some suggestions on
what could be done with future wetland maps.

|

R.W. Finer is Regional Wetland Coordinatos for the Northeast Region
of the U.S. Fish and Wildlifc Service. He has been mapping wetlands
since 1970. '

The definition of wetland
Regulatory and nonregulatory wetland definitions have been
developed for different purposes. The federal regulatory wetland
definition for administering Scciion 404 of the Clean Water Act
was published in the Federal Register on July 19, 1977. The
Service’s nonregulatory definition for conducting an inventory of
the nation’s wetlands was first published in 1977, then revised
and finalized in 1979 in Classification of Wetlands and Decpwater
Habitass of the United States (Cowardin et al. 1977, 1979). The
regulatory definition dealks stricdy with vegetated wetlands whilc
the latter indudes both vegetated and nonvegetated areas. Yet
both defisiitions are essentially the same for vegetated wetlands.
The Service'’s definition mentions a list of “hydrophytes and
other plarits occurring in wedands™ and a preliminary list of
hydric soils being prepared to help recognize the nation’s
wetlands. Over the past 20 years, both lists have undergone
critical review and refinement because of increased knowledge of
plant-soil-hydrology relationships and widespread use of the lists
for wetland delincation. When the NWI began, “hydric soil”
was a new term coined by the authors of the Service's wetland
chassification system. The NWT Project brought the concept of
hydric soils to the forefront of wetland identification. Today
hydric soil s a criterion for identifying regulated wetlands, and
an illustrated national list of hydric soil field indicators has been
published. The concept of 2 hydrophyte is-also better under-
stood, and roday there is much better information on what
vegetation and soil charactéristics are reliable wetland indicators.
‘We must ako recognize thiat it wasn't until 1989 that the
federal government standardized its practices for making wetland
determinations. The Federal Manual for Identifying and Delincas-.
ing Jurisdictional Wetlands, an interagency document, was
adopted by four agencies (the U.S. Army Corps of Engincers,
the U.S. Environmental Protection Agency, the Fish and
Wildlife Service, and the Soil Conservation Service) as “the
technical basis for identifying and delincating jurisdictional
wetands in the United States.” The 1989 manual combined
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existing methods used by these agencics into a consistent set of
procedures for identifying and delineating vegetated wedands. It
was the first national technical standard for identifying vegetated
wetlahds in a consistent, repeatable, and scientifically defensibie
manner and remains the technical benchmark for identifying
vegetated wetlands from a scientific standpoint.

These developments plus experience gained from mapping
wetlands in numerous states have influenced NWT's application of
the Service’s definition of wetland. Many areas that might have
been overlooked, principally because their plant communities
were not dominated by typical wedand spedies, today are recog-
nized as wetlands when undrained hydric soils are present.
Consequently when using a NWI map, it is important to know
when the map was produced. - -

NWI map strengths _

In many arcas of the country, NWI maps are the only wetland
maps available. They are more comprehensive and current than
the U.S. Geological Survey topographic map information (which
uses swamp and marsh symbols). .

NWI maps have been used for a varicty of purposcs. The most
frequent usage is by wedand regulators, the regulated public, and
environmental consultants for preliminary site assessments, as
recommended by federal wetland delincation manuals. Other map
uses include: refuge planning and acquisition, park and military
base management, watershed planning, environmental impact
assessment repoits, preliminary site evaluation for development and
transportation/utility corridors, oil spill contingency planning,
potential wetland restoration site identification, natural resource
inventories, wildlife surveys, preliminary assessment of damaged
resources at Superfund sites, and land appraisals.

The state of Yermont uses NWI maps to identify “class two
- wetlands” (wetlands so significant that they merit protection
under the state’s wetland nules). They recognize NW1 wetlands
and any unmapped wetlands contiguous with them as this class,
Indiana and lllinois use NW1 maps to help assess property taxes
(those owning wetland acreage receive reduced tax bills). Re-
scarchers have used NWI maps to identify training sites for
satcllite mapping studics. Sportsmen usc the maps to locate areas
for hunting and fishing. NWI maps and published reports have
provided the public with better information on the distribution of
nation’s wetlands than previously available. :

The NW1 maps were “generally found to be very accurate™ in
a multi-agency Maryland field evaluation of NWI maps and
satellite mapping produced by the National Oceanic and Atmo-
spheric Administration. Studies have reported high accuracies of
NWI maps in Massachusetts, Yermont, New Jersey, and Maine.
The National Rescarch Council’s 1995 repost Werlands Character-
istics and Boundaries noted that “wetland delincation on N'W1

O = AFATINATAL VA/ETT ARNINC NMICWSLETTER

area of interest.

maps is gencrally accurate [in] areas where there is an abrupe
change in hydrology, soil, or vegetation at the wetland boundary.”
In evaluating various remote sensors for wetland mapping, the
Wetland Subcommittee of the Federal Geographic Data Commit-
tee concluded that “the best technique for initial wetland habitat
mapping and inventory is the technique currendy used by the
FWS$’s NWI project. . . .” (emphasis added).

By current design, NW1 maps tend to err more by omission
(Type I error) than by commission (Type IT error). This means
that ifa NWI map indicates the presence of wetland in a given
area, it is highly likely that a wetland is there. This is supported by
several studies. Conversely, if 2 NWI map does not indicate a
wetland, one is usually not there, but users should not be
surprised to find unmapped wetdands, especially drier-end
wedands and wedands chac arce difficult to photointerprer (such as
certain evergreen forested wetlands, farmed wetlands, mowed and
grazed wedands, and significandy drained wedands).

The fact that NWI maps do not show all wetlands should not
negate their use or value to the public. Users should realize that
remote sensing technology (photointerpretation or satellite image
analysis) cannot detect all wetlands. In most cases, the lasger and
wetter wetlands plus most open waterbodies are depicted on the
NWI maps. NWI maps can form the base for more detailed focal
inventories, such as was done in Puget Sound, Washington.

Another strength of NWI maps is that they atempt to show
all types of wetland, regardless of whether they are regulated or
not. In some arcas, such as the Gulf-Adantic Coastal Plain, many
‘mapped wetlands are not regulated by the Corps because they fail -
the Corps manual’s three-parameter test. While thesc require-
ments may change duc to politics, the NWI maps attempt 1o
show scientifically accepted wetlands. Moreover, the Service’s
wetland wrends studies show how the nation’s wetand resource (at
least that which is photointespretable) is faring and, thercfore,
providé a consistent means of assessing to what level these

- wedands are being protected.

NWI maps continue to be the most frequently requested
source of wetland data in the country. Resource managers,
regulators, industry representatives, scientists, and others request
more than 250,000 NWI map products (hard-copy and digital)
annually. Many of these users arc repeat customers who have used
the information for many ycars. The usefulacss of the NW1T maps
also is reflected in the fact that more than 100 state and federal
agencies and local governments have provided nearly $26 million
to the NWI to produce wetland maps and digital data for their.

"Map limitations

The carliest NWI maps (pre-1980) used the operational draft
continued on page 10



" considerations and an interagency agreement becween the U.S. Fish and Wildlife Service and the U.S D.A. Natural Rwourcc

Tab_le 1
‘ :Ex‘&'ﬁples of major NWI. map Ilmttatlons

Targte Mgpplng Umt (tm A gmu is an estimate of the minimum sized vkdand d)a&tflc’NW{
Sinallest wi .Shiqvnonmcmaps.ﬁemufbrmdmds : ly’v‘:rics

mdmg photo—dctec‘tlon, thq (00 ;nm:indudcd mhm mappcd pped
% ﬁusphoxognphy ma.kcs it dnﬂieu]t © 1denufjg manr oTehE

:' lgnzmtc'of ese _nesﬁnofdﬁ{mm\tcm mznymst:mccs - s B
: ' ] ; cnuﬂed bzscd on photosngnzm(escauﬁ :

o pothole-hkc dcprcmons, pla)'a —lakcs. and scasonally ﬂaoded diked former udchnds m ‘Califorsi This is based on technical

Conservation Service, developed in the 1970s.

12. Pardy drained wetlands are mapped based on recognizable photo-slgnamm. Many of thesc wedands may have been missed.
13. Tundra. Moist tundra (usually wedand) is often difficult to scparate from dry upland tundra duc to photo-slgmturcs. This is
especially true where wide transition zones exist between the two types.

14. Map date. NW1 map dara are dependent on the date of the photography. Maps do not show losses or gains in wetlands since

that date.
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Cowardin dassification system and were prepared during NWT's -

opcrational testing of the system. This also marked the Service's

firse largc -scale application of remote sensing technology for
_mapping wetlands. These earlier maps generally tend to be far

more conservative and omit more

N . wetlands than later maps (where

A strength of 1:40K photos were used). While
‘NWI maps is that  some of this difference isduc to a

better technical understanding of the
they attempt to concept of wetland, other ::nﬂ’gczmca
show all typesof : .

te to changes in mapping

wetland, regard- technology (such as the use of color
less of whether  infrared photos versus black and
they are regu- white photos, and use of larger scale

photography) and procedures (such

lated or
.at ° ,nOt as an increased level of quality

control and ficld review).

Relying on photointerpretation to map wetlands imposes
numerous constraines. First and foremost, it must be recognized
‘that wetdand identification is not always dearcut. Wetlands have
been described as ecotones between water and terrestrial habitars,
although this notion is a gross ovusunphﬁauon Ecotonal
wetlands along the wedand-upland interface are expected to possess
a somewhat confusing mix of plants and soils. Wetland identifica-
tion requires analyzing often subtle changes in vegetation patterns,
soil propertics, and signs of hydrology, so it is casy to understand
why photointerpretation fails to accurately identify subde wedand-
upland boundaries and many of the drier-end wetands.

Studics have reported significant omissions of wetlands from
NWI maps when compared to ficld delineations in North
Carolina, New York, Virginia, and Washmgton The latter study
crroncously reported significant omissions on NW1 maps that
were later found to be the result of a digitizing error by the~
rescarchers. Forested wetlands, small wetlands, and narrow

(linear) wedands tend to be the major sources of omissions. Also,

the fact that NWI maps, by design, do not show many farmed
wetlands in most of the country alse leads to a significant
underestimate of the amount of wetland in agricultural regions,
with the Pothole Region being a major exception.

The accuracy of wetland phorointerpreration s, in lacge par,
dependent on the landscape setting and wetland type. The
National Research Council reported that “mapping wetlands in
level landscapes, such as coastal or glaciolacustrine plains, is less
precise because boundaries are not as evident.™ Wetland mapping
in more varied terrain is more accurate because boundaries are
better defined by abrupt changes in slope. Problems associated
with photointerpreting forested wetlands have been reported;
Table 1 lists some major limitations of NWI mapping due to
reliance on photointerpretation.

NWI maps have a target mapping unit (trmu). A tmu is an
estimate of the minimum sized wetland that should be consis-
tendy mapped. It is nof the smallest wetland that appears on the
map, but it is the size class of the smallest group of wetlands that
NW1 attempis to map consistendly. The NW1 Project could edic -

~ the maps to guarantee that no smaller wetlands are designated,

buttbxswouldnotbcncﬁtusc:s,sosmaﬂcrwedandsmpemm.

ted. The tmu is conveyed to photointerpreters working on
individual projects, but not to map users, which pmbably has
invited some justified criticism.

Accurately determining an appropriate tmu is somewhat

" problematic. Some wetland types are more conspicuous and smaller

wetlands of these types may be mapped, while other types are more
difficult to photointerpret and larger ones will be missed. This is
inherent in the use of remote sensing to map wetands. Despite
these difficulties, specifying a tmu can serve as a benchmark or

another caution to users. However, at this time, such a note is not

) anticipated to be added to NWI maps. Users should contact the

appropriate Service Regional Wetland Coordinator for specifics.
Table 2 presents some examples of tmus across the country.

Maps produced by photointerpretation will never be as
accurate as a detailed on-the-ground delineation. This is not to
say that photointerpretation cannot produce accurate boundaries
at a fraction of the cost of field delineation. For some types in
certain landscapes (such'as marshes, fens, bogs, wetter swamps
surrounded by upland, and seasonally flooded bottomland
swamps), photointerpretation works well for locating the bound-

l'ary of these types. For other types in different situations (such as
_certain evergreen forested wetlands, drier-end wedands in

relatively flat landscapes, and significantly drained wetlands), it
does not work well and the boundaries are more generalized.

NWI1 wetlands versus regulated wetlands

The NW1 maps were never intended to show the limits of
regulated wetlands. A “Special Note™ that appears on the map -
cleardy points this out: “Federal, state and Jocal regulatory agencics
with jurisdiction over wetlands may define and describe wedands
in a different manner than that used in this inventory. There is no
ateempt, in either the design or produces of this inventory, w define the-
fimits of proprictary jurisdiction of any federal, state ot local government
of to establish the geographical scope of the regulatory programs of
government agencics. Parsons intending to engage in activities involving
modifications within or adjacent to wedand areas should seck the advice
ofappmpmtc&dazl,smcotbal:gumaxmungspcaﬁcdagﬂﬂ
regulatory programs and proprictary jurisdictions that may affect such

- actvitics. Aﬁanmdmgdmsutanmt.ns!mddbcmdmttoannpmd )

that he or she should contact the regulatory agendies regarding the extent
of regutated areas and not rely on a NW1 map for this information.
Within the limitations of N'W1 photointerpretation vech-




niques, the Service attempts to map all types of wetlands without
regard to their jurisdictional status. As a result, NW1 maps also
depict nonregulated wetlands. Besides policy guidelines (such as
wetland size, location, and artificial hydrology), the extentof -
nonregulated wetlands is a product of the amount of proof
required- to identify a regulated wetland. In 1991, the burden of
proof was increased when the federal government shifted from
using the 1989 interagency manual to the 1987 Corps manual.
The former manual assumes the presence of wetland hydrology
when positive indicators of hydrophyrtic vegetation and hydric
soils were found in the absence of any signs or knowledge of
significant drainage, which is consistent with the National -
Research Council’s findings. In contrast, the Corps manual
requires more proof of wetland hydrology and has a more
restrictive vegetation requirement. Corps districts also were given
discretion for using the facultative neutral rule and interpreting
the length of the growing scason, which can significantly affect
wetland determinations. (The facultative neutral rule compares
better wetland indicator plants against species that are better
indicators of upland, giving no weight to species that occur nearly
cqually in boch wetlands and uplands.) Now, many drier-end
wetlands do not meet the requirements for federal regulation
because they cither: 1) have plant communities dominated by
FAC- or FACU specics (species with a frequency of occurrence in
wetlands of less than 50 percent), 2) possess wet soils that do not
display typical hydric soil field indicators, 3) lack currentdy
accepted wetland hydrology indicators, or 4) are not wet enough
during the Corps-defined growing scason to qualify as a regulated
wedand, despite significant wetness during the rest of the year.

NWI maps versus soil survey maps

Using GIS technology, some researchers have reported on digital
data comparisons berween NWI maps and soil survey maps.
These types of studies cannot assess the accuracy of either source
in wetand identification unless field verification is performed.
Researchers also inust ensure accurate digitizing of data sources
since this can be a significant source of error.

Significant discrepancies between wetlands identified on NW] -

maps and “hydric soil map units” of soil surveys usually exist. The
soil survey focuses on management, while NWT is concerned
strictly with wetland identification. Soil map units often contin
both hydric and nonhydric soils if the management of those-soils
is similar. This approach leads 1o more Type Il errors (commis-
sions) for wetland determinations while NW1T maps tend to make
more Type I errors (omissions). This difference in design can lead
to enormous differences in estimating the extent of wetlands.
Several other reasons also cause notable contradicrions
beeween NW1 maps and hydric soil map units. Soil maps have a
minimum map unit tied to the final map scale, which reflects the

level of effort given. When a 1:24,000 scale map is desired, 2
minimum map unit of 5.7 acres is the typical target according ro
the Soil Survey Manual Yet most map units are much larger than
this, especially in forested areas. For example, the Soil Survey of
Umatilla County Area, Oregon identifics a five-acre minimum for
strongly contrasting soils, a 40-acre minimum for small grain-
fallow and annual cropping areas, and a 100-acre minimum for
rangeland and woodland. This can result in large units of mixed
soil types, since soil map units often contain more than one type
of soil.

For some hydric soil map units, hydric soils comprise 60
percént of the unit and nonhydric soils as much as 40 percent,
although inclusions of other soils may usually represent less than
20 percent. Thus, only 60-80 percent of any hydric soil map unit
may actually contain hydric soils and have a potencial for being 2
wetland or regulated wedand. Also some map units are assodations
of two or more series. Hydric and nonhydric soils can comprise a
single association. If the acreage of potential wetlands is estimated

.by the sum total of hydric soil map units and any association

including a hydric soil component, the projected figure could be
vastly inflated. It would be prudent to use an appropriate percent-
age of these units to estimate historic wetland aareage.

Soil maps generally do not distinguish between undrained or
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partly drained hydric soils (wetlands) and cffeciively drained or
filled hydric soils (nonwetlands), so both types are designated as
“hydric soil map units.” Translating hydric soil acreage to wetland
usually Jeads to a significant overestimate of current wetland
acreage. Again, since former wetlands are not designated on the
NWI maps, this too accounts for significant “wetland” acreage
& ) A

Finally, the series level of soil classification was never intended
to separate hydric soils from nonhydric soils. Some series are so
broadly characterized that they include both hydric and
nonhydric members. This situation applies to most, if not all, of
the soils with an aquic suborder (saturated soils with reducing
conditions duc to a lack of frec oxygen) and an “acric” subgroup
(sotls that are drier in the upper part of the soil). When these soils
occur lower in the landscape, they often have hydric soil proper-
ties, whereas when they are upslope, they do not. These types of
serics need to be subdivided into two serics, one that has hydric
soil morphology (poorly drained) and another that does not
(somewhat poorly drained). In the meantime, considering map
units with such scries as wetlands also adds to cxaggeratmg

wetland acreage.

. Future opfions
The NW1 Project could design a product that could attempt 1o

map more wetlands by changing the basic i inventory design to favor

Type H etrors over Type 1. This would require mapping cerain

landscapes that favor wetland formation. _

These areas could be labelled with a

unique code 1o scparate them from the

photointerpretable wetlands to mainain
*dara integrity. These additions could be

would make more use of the work of profcssnonal wetland
delineators and help enhance the existing national wetland mag'a
database. Envirenmental consultants and regulators alike are

. encouraged to provide the NW1 Project with dhis information.

In the meantime, people with an interest in knowing whether
regulated wetlands are on their property should be advised to do
the following:

1. Consult both NWI maps and soil surveys to get an idea of
where wetlands may be located on their properties. Also learn 1o
interpret maps to identify landscapes where wetlands tend to form
(such as floodplains, drainageways, toes of slopes, flats, depm-
sions, and saddles berween mountains). Consndcnng these sites as
poteatial wetland areas is also good practice. These landscapes can
be scen on the NWI maps by interpreting topographic contours.

2. Learn how to identify wetland plants and hydric soils.
Numerous casy-to-use wetland plant field guides and at least one
hydric soil guidebook are available for the nonscientist.

. 3. Contact the appropriate regulatory agency.

While regulations and the criteria cmployed by regulators may
change and how they are interpreted on the ground may vary, the
average person, using a variety of sources of information including
NWI1 maps and once familiar with wetland plants and soils,
should be able to recognize wetlands or questionable areas that
might be regulated wetands on their property. B
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Appendix F. List of Wetland Publications
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LIST OF SELECTED WETLAND PUBLICATIONS

The following is a list of selected reports, articles, and books dealing with a variety of wetland
topics. Most of these publications are produced by and available from the U.S. Fish and Wildlife
Service, Northeast Region and the Service's National Wetlands Inventory Project. Publications
are arranged by general topics. Information on where to order each is provided. For other
Federal publications, visit your local Federal Depository Library. For a list by state contact:
Federal Depository Libraries, U.S. Govt. Printing Office, Mail Stop SL, H and North Capital
Streets, Northwest,Washington, D.C. 20401; email address: www.access.gpo.gov.

The NWI Project has a home page on the internet. Digitized NWI maps can be accessed
through the internet. Come browse our home page ( hitp:/Amww.nwi.fws.gov) or
{http://wetlands.fws.qgov).

All publications with numbers in the margin can be obtained free of charge from: USFWS,
Ecological Services, 300 Westgate Center Drive, Hadley, MA 01035-9589. An order form is
provided at the end of this list for your convenience.

At the end of this list is a listing of Wetland Regulatory Agencies. This list is provided for readers
interested in specific Federal regulations relative to potential building/construction projects.

WETLAND DEFINITION, CLASSIFICATION, AND BASIC CONCEPTS
(See also, "General Wetland References”)

Classification of Wetlands and Deepwater Habitats of the United States by L.M. Cowardin, V.
Carter, F.C. Golet, and E.T. LaRoe. 1979. FWS/OBS-79/31. 103 pp. (Limited copies available)

"Wetlands are ecotones - reality or myth?”

"How wet is a wetland?”

*The concept of a hydrophyte for wetland identification® (BioScience)

"Classification of wetland ecosystems”

“A Clarification of the U.S. Fish and Wildlife Service’s Wetland Definition "

Wetlands and Ecotones: Studies on Land-Water Interactions. edited by B. Gopal, A. Hillbrichtt-
llkowska, and R.G. Wetzel. 1993. National Institute of Ecology and International Scientific
Publications, New Delhi, India. Available from: International Scientific Publications, 50-B Pocket

C, Siddhartha Extension, New Delhi- 110014 India.

“Keys to Waterbody Type and Hydrogeomorphic - type Descnptors for the U.S. Waters and
Wetlands” {operational Draft) by R. Tiner, May 2000

*Technical Aspects of Wetlands: Wetland Definitions and Classifications in the United States” by
R. Tiner. 1997.

Wetland Indicators: A Guide to Wetland Identification, Delineation, Classification, and Mapping
by R.W. Tiner. 1999. Lewis Publishers, CRC Press Inc., 2000 Corporate Boulevard NW, Boca
Raton, FL 33431; (561) 994-0555.

WETLAND AND RIPARIAN MAPPING

"The National Wetlands Inventory - The First Ten Years”

"Creating a national georeferenced wetland data base for managing wetlands in the United
States”



107 *Use of high-altitude aerial photography for inventorying forested wetlands in the United States”

108 NWI Maps Made Easy: A User’'s Guide to National Wetlands Inventory Maps of the Northeast
" Region by G.S. Smith. 1991.

109 "Results of a Field Reconnaissance of Remotely Sensed Land Cover Data” (Maryland
Department of Natural Resources). .

110 "Application of Satelllte Data for Mapping and Monitoring Wetlands” -(Federal Geographic Data
Committee).

111 Comparison of Four Scales of Color Infrared Photography for Wetland Mapping in Maryland by
R.W. Tiner and G.S. Smith. 1992. U.S. Fish and Wildlife Service, Region 5, Newton Corner, MA.
National Wetlands Inventory Report. R5-92/03. 15 pp. plus tables.

An Investigation and Verification of Draft NWI! Maps for Cape May County, New Jersey by U.S.
Fish and Wildlife Service, New Jersey Field Office. 1992. Available from: New Jersey Field
Office, U.S. Fish and Wildlife Service, 927 N. Main Street (Bldg. D-1), Pleasantville, NJ 08232.

157 "Strategic Interagency Approach to Developing a National Dngltal Wetlands Data Base” (Federal
Geographic Data Committee).

158 Map Accuracy of National Wetlands Inventory Maps for Areas Subject to Maine Land Use
Regulation Commission Jurisdiction by C. Nichols. 1994.

162 Assessment of Remote Sensing/GIS Technologies to Improve National Wetlands Inventory
Maps by B. Wilen and G. Smith. 1996. Proceedings: Sixth Biennial Forest Service Remote
Sensing Applications Conference, Denver, CO.

164 ) "Some Uses of National Wetlands Inventory Maps and Digital Map Data in the Northeast".'
166 "NWI Maps: What They Tell Us™.
169  "Wetlands", R.W. Tiner. /n: Manual of Photographic Interpretation, second edition. 1996.

170 "Adapting the NWI for Preliminary Assessment of Wetland Functions”, R.W. Tiner. 1997. In:
"~ The Future of Wetland Assessment: Applying Science through the Hydrogeomorphic
Assessment Approach and Other Approaches. The Association of State Wetland Managers
Institute for Wetland Science and Public Policy.

171 "NWI Maps-—-Basic Inforniation on the Nation's Wetlands”, Ralph Tiner.  In: BioScience. May
1997.

172 "Piloting a More Descriptive NWI", Ralph Tiner. /n: National Wetlands Newsletter, Vol. 19(5).
Seplember-October 1997. '

176 "A System for Mapping Riparian Areas in the Western United States: An Operational Draft”.
December 1997. U.S. Fish and Wildlife Service.

AERIAL PHOTOGRAPHY AND PHOTO SEARCHES - may be ordered from the following
sources:

U.S. Geological Survey

EROS (Earth Resources Observatlon Systems)
Customer Services

Sioux Falls, SD 57198

(605) 594-6151
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U.S. Department of Agriculture
APFO

Customer Services

2222 West 2300 South

P.O. Box 30010

Salt Lake City, UT 84130-0010
(801) 975-3503

Earth Science Information Office
Blaisdell House

University of Massachusetts
Ambherst, MA 01003

(413) 545-0359

| WETLAND IDENTIFICATION - FIELD GUIDES

Field Guide to Nontidal Wetland Identification by R.W. Tiner, Jr. 1988. Maryland Department of
Natural Resources and U.S. Fish and Wildlife Service. Cooperative publication. 283 pp. + 198
color plates. Full color reproductions are available from: Institute for Wetland and Environmental
Education and Research, P.O. Box 288, Leverett, MA 01054;

(413) 548-8866.

A Field Guide to Coastal Wetland Plants of the Northeastern United States by R.W. Tiner, Jr.
1987. University of Massachuselts Press, P.O. Box 429, Amherst, MA 01004; (413) 545-2219.
286 pp.

Freshwater Wetlands: A Guide to Common Indicator Plants of the Northeast by D.W. Magee.
1981. University of Massachusetts Press, P.O. Box 429, Amherst, MA 01004; (413) 545-2219.
246 pp.

Maine Wetlands and Their Boundaries by R.W. Tiner. 1994. State of Maine, Executive
Department, State Planning Office, Augusta. 72 pp. + color plates. Available from: Treasurer,
State of Maine, Executive Department, State Planning Office, Station 130, Augusta, ME 04333.

Field Guide to Coastal Wetland Plants of the Southeastermn United States by R.W. Tiner. 1993.
University of Massachusetts Press, P.O. Box 429, Amherst, MA 01004; (413) 545-2219. 328 pp.

Winter Guide to Woody Plants of Wetlands and Their Borders: Northeastern U.S. by R.W. Tiner.

1997. Institute for Wetland and Environmental Education and Research, P.O. Box 288, Leverett,
MA 01054, (413) 548-8866. 91 pp.

In Search of Swampland: A Wetland Sourcebook and Field Guide by R.W. Tiner. 1998. Rutgers
University Press, P.O. Box 5062, New Brunswick, NJ 08903; (732) 445-1970. 264 pp. Includes
illustrations of over 200 wetland plants and more than 100 animals plus 39 color plates. Voted a
best science book for junior high and high school readers in 1998 by the American Association

for the Advancement of Science.

WETLAND DELINEATION - MANUALS/ARTICLES

An Overview of Wetland Identification and Delineation Techniques, with

Recommendations for Improvement by Ralph W. Tiner. 2000. Wetland Journal, Volume 12,
Number 1, Winter 2000. P.O. Box P, 201 Boundary Lane, St. Michaels, Maryland 21663, (410)
745-9620

Corps of Engineers Wetland Delineation Manual by Environmental Laboratory. 1987. U.S. Army
Corps of Engineers. Available from: U.S. Army Waterways Expt. Station, ER-W, Vicksburg, MS



112

13

114

115

116

161

39180-6199, phone (601) 634-2733 or through local Corps districts. Also available via Internet:
www.wes.army.mil/elwetlands/pdfsiwiman87.pdf. This version has updated guidance from the

Federal Manual for Identifying and Delineating Jurisdictional Wetlands by the Federal
Interagency Committee for Wetland Delineation. 1989. U.S. Army Corps of Engineers, U.S.
Environmental Protection Agency, U.S. Fish and Wildlife Service, and U.S.D.A. Soil
Conservation Service, Washington, DC. Available from: Earth Science Information Office,
Blaisdell House, University of Massachusetts, Amherst, MA 01003; (413) 545-0359.

Wetlands: Characteristics and Boundaries by Committee on Characterization of Wetlands,
National Research Council. 1995. National Academy Press, 2101 Constitution Avenue NW,
Washington, DC 20418; (800) 624-6242.

"The Primary Indicators Method - A Practical Approach to Wetland Recognition and Delineation
in the United States™ (Wetlands)

A
"Using Plants as Indicators of Wetiand™ (Proceedings of The Academy of Natural Sciences of
Philadelphia)

"Wetland boundary delineation™

"Wetland defineation 1991

"Technical issues regarding wetland delineation™

"Practical Considerations for Wetland Identification and Boundary Delineation”

Wetland Indicators: A Guide to Wetland Identification, Delineation, Classification, and Mapping
by R.W. Tiner. 1999. Lewis Publishers. CRC Press Inc 2000 Corporate Boulevard NW Boca
Raton, FL 33431; (561) 994-0555. )

HYDRIC SOILS

Hydric Soils of New England by R.W. Tiner, Jr. and P.L.M. Veneman. Revised edition June
1995. University of Massachusetts Cooperative Extension, Bulletin C-183R, Amherst, MA. 28
pp. Available from: University of Massachusetts Extension, Bulletin Center, Cottage A, Thatcher
Way, University of Massachusetts, Amherst, MA 01003.

Redoximorphic Features for Identifying Aquic Conditions by M.J. Vepraskas. NC Agr. Res.
Service, NC State Universiiy, Raleigh, NC. Tech. Bull. 301. Available from: Department of
Agricultural Communications, Box 7603, North Carolina State University, Raleigh, NC 27695-
7603; (919)515-3173.

A Report on the Use of the National List of Hydric Soils of the United States December 1987 by
W.B. Parker, U.S. Fish and Wildlife Service St. Petersburg, FL. 6 pp. Available from: U.S. Fish

_and Wildlife Service, National Wetlands Inventory Project, 9720 Executive Center Drive, Monroe

Building, Suite 101, St. Petersburg, FL 33702-2440; (727) 540-5400.

Rationale for Additions and Deletions to the National List of Hydric Soils of the United States
December 1987 by W.B. Parker, U.S. Fish and Wildlife Service, St. Petersburg, FL. 3 pp. +
attachments. Available from: U.S. Fish and Wildlife Service, National Wetlands Inventory
Project, 9720 Executive Center Drive, Monroe Building, Suite 101, St. Petersburg, FL 33702-
2440; (727)-540-5400.

Field Indicators for Identifying Hydric Soils in New England . Available from: NEIWPCC, Boot
Mills South, 100 Foot of John Street, Lowell, MA 01852; (978) 323-7929.

B



Field Indicators of Hydric Soils in the United States, edited by G.W. Hurt and others. 1996.

U.S.D.A. Natural Resources Conservation Service, Wetland Science Institute and Soils Division.

Free single copies available from: Russell Pringle, NRCS Wetland Science Institute, Louisiana
State University, 104 Madison B. Sturgis Hall, Baton Rouge, LA 70303-2110; (405) 388-1337.

Hydric soil lists, criteria, technical notes, and field indicators publication. Available from Natural
Resources Conservation Service through http:/Mww.statlab.iastate edu/soils/hydric

WETLAND PLANT LISTS/HYDROPHYTES

NATIONAL LIST - National List of Plant Species that Occur in Wetlands: 1988 National
Summary by P.B. Reed, Jr. 1988. U.S. Fish and Wildlife Service. Biological Report 88(24). 244
pp. (GPO Stock #024-010-00682-0) Available from: Superintendent of Documents, U.S.
Government Printing Office, Washington, DC 20402-9328; (202) 512-0000.

NORTHEAST REGION LIST - National List of Plant Species that Occur in Wetlands: Northeast
(Region 1) by P.B. Reed, Jr. 1988. U.S. Fish and Wildlife Service. Biological Report 88(26.1).
111 pp. Available from: National Technical Information Service (NT1S), 5285 Port Royal Road,
Springfield, VA 22161; (#PB89128680/AS), (703) 605-6000.

159 1995 Supplement to the List of Plant Species that Occur in Wetlands: Northeast (Region 1} by
R. Tiner, R. Lichvar, R. Franzen, C. Rhodes, W. Sipple, P.B. Reed, Jr., and D.R. Lindsey
(Northeast Interagency Review Panel). 1995. Supplement to Biological Report 88(26.1).

NORTHEASTERN STATES LIST:
State Stock Number Price
Connecticut PB90-139320/AS $34.50
Delaware PB90-139312/AS 34.50
Maine PB90-138124/AS 34.50
Maryland PB90-138082/AS 34.50
Massachusetts PB90-138231/AS 34.50
New Hampshire PB90-139452/AS 34.50
New Jersey PB90-139460/AS 34.50
New York PB90-139387/AS . 35.50
Pennsylvania PB90-138256/AS 34.50
Rhode Island PB90-138108/AS 26.00
Vermont PB90-139335/AS 34.50
Virginia PB90-139403/AS 35.50
- . West Virginia PB90-139429/AS 34.50

Northeastern States Plant Lists are available from: National Technical Information Service (NTIS), 5285
Port Royal Road, Springfield, VA 22161; (703) 605-6000. *Add $4.00 handling charge for each order.
(Attention: Individual State Plant Lists can often be obtained at a lower price through NWI Map
Distribution Outlets, which are listed at the back of this Publications List.)

WETLAND PLANT - SOiL CORRELATION STUDIES

Soil-Vegetation Correlations in the Connecticut River Floodplain of Western Massachuselts by
Peter Veneman and Ralph Tiner. 1990. U.S. Fish and Wildlife Service. Biological Report 90(6).
51 pp. Available from: Department of the Interior, U.S. Fish and Wildlife Service, National
Conservation Training Center, Division of Training and Education Materials Production,
Publications Unit, Route 1, Box 166, Shepherdstown, WV 25443; (304) 876-7203; FAX (304)
876-7689.
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STATE WETLAND REPORTS

Wetlands of New Jersey by R.W. Tiner, Jr. 1985. U.S. Fish and Wildlife Service, Region 5,
National Wetlands Inventory Project, Newton Corner, MA. 117 pp. Available from: NJ DEP,
Bureau of Revenue, Maps and Publications Office, CN-417, Trenton, NJ 08625; (609) 777-1039.

Wetlands of Delaware by R.W. Tiner, Jr. 1985. U.S. Fish and Wildlife Service, Region 5,
National Wetlands Inventory Project, Hadley, MA and Delaware Department of Natural
Resources and Environmental Control, Wetlands Section, Dover, DE. Cooperative publication.
77 pp. Available from: DE DNREC, Division of Water Resources, Wetland and Underwater
Lands Branch, P.O. Box 1401, Dover, DE 19903; (302) 739-4691.

Wetlands of Rhode Island by RW. Tiner. 1989. U.S. Fish and Wildlife Service, Region 5,
National Wetlands Inventory Project, Newton Corner, MA. 71 pp. + Appendix. Available from:
Earth Science Information Office, Blaisdell House, University of Massachusetts, Amherst, MA
01003; (413) 545-0359. Available from: National Technical Information Service (NTIS), 5285
Port Royal Road, Springfield, VA 22161; (703) 605-6000. Reference publication (#PB90-
202615).

Wetlands of Connecticut by K. Metzler and R.W. Tiner. 1991. Connecticut Department of
Environmental Protection, Hartford, CT. 115 pp. Available from: Natural Resources Center,
Connecticut Department of Environmental Protection, 165 Capitol Avenue (Room 553), Hartford,
CT 06106; (203) 566-7719.

Wetlands of Maryland by R.W. Tiner and D.G. Burke. 1995. U.S. Fish and Wildlife Service,
Ecological Services, Region 5, Hadley, MA and Maryland Department of Natural Resources,
Annapolis, MD. Cooperative publication. 193 pp. plus Appendices. Available from: Nontidal
Wetlands Division, Water Management Administration, Maryland Department of the
Environment, 2500 Broening Highway, Baltimore, MD 21224; (410) 631-8094.

West Virginia's Wetlands. Uncommon, Valuable Wildlands by R.W. Tiner. 1996. U.S. Fish and
Wildlife Service, Ecological Services, Northeast Region, Hadley, MA. 20 pp. (Free single copies
available for a limited time.)

Current Status of West Virginia's Wetlands by R.W. Tiner. 1996. U.S. Fish and Wildlife Servuce
44 pp. plus appendices. Free single copies available from: West Virginia Division of Natural
Resources, Wildlife Resources Section, Technical Support Unit, P.O. Box 67, Elkins, WV 26241-
0067; (304) 637-0245.

NATIONAL WETLAND STATUS AND TREND REPORTS

Status and Trends of Wetlands in tl;e Conterminous United States, Mid-1970's to Mid-1980's by
T.E. Dahl and C.E. Johnson. 1991. U.S. Fish and Wildlife Service. 28 pp.

Additional single copies available from: Department of the Interior, U.S. Fish and Wildlife
Service, National Conservation Training Center, Division of Training and Education Materials
Production, Publications Unit, Route 1, Box 166, Shepherdstown, WV 25443; (304) 876-7203;
FAX (304) 876-7689.

Multiple copies available from: U.S. Government Printing Office, Superintendent of Documents,
Mail Stop SSOP, Washington, DC 20402-9328; (202) 512-0000 (GPO Stock #ISBN 0-16-
035916-3).
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124
125
126

127

128
129
130
131

132

133
134
135

136

Recent Changes in Estuarine Wetlands of the Conterminous United States by R.W. Tiner. 1991.
Reprinted from "Coastal Wetlands", Coastal Zone "91 Conference-ASCE, Long Beach, CA. 10

PP.

Wetlands of the United States: Current Status and Recent Trends by R.W. Tiner, Jr. 1984. U.S.
Fish and Wildiife Service, National Wetlands Inventory. 59 pp. Also available from: National
Technical Information Service (NTIS), 5285 Port Royal Road, Springfield, VA 22161; (#PBQO-
198201); (703) 605-6000.

Report to Congress Wetland Losses in The United States 1780s to 1980s by T.E. Dahl. 1990.
U.S. Department of the Interior, Washington, DC.

21 pp. Available from: U.S. Fish and Wildlife Service, National Wetlands Inventory, 9720
Executive Center Drive, Monroe Building, St. Petersburg, FL 33702; (727) 570-5400.

Status and Trends of the Nation's Biological Resources by the U.S. Geological Survey. Available
from: U.S. Government Printing Office, Washington, DC 20402 (GPO Stock #024-001-00717-6).

REGIONAL WETLAND STATUS AND TREND REPORTS

Status and Recent Trends of Wetlands in Five Mid-Atlantic States: Delaware, Maryland,
Pennsylvania, Virginia, and West Virginia by RW. Tiner, Jr. and J.T. Finn. 1986.

Current Status and Recent Trends in Wetlands in Central Connecticut by RW. Tiner, J. Stone,
and J. Gookin. 1989.

Recent Wetland Trends in Southeastern Massachusetts by R.W. Tiner, Jr. and W. Zinni, Jr.
1988.

Pennsylvania's Wetlands: Current Status and Recent Trends by R.W. Tiner. 1990.

Current Status and Recent Trends in Wetlands of the Lake Ene and Delaware Estuary Coastal
Zones of Pennsylvania (1986-1989) by G.S. Smith and RW. Tiner. 1992.

Recent Wetland Trends in Anne Arundel County, Maryland (1981-82 to
1988-90) by R.W. Tiner and D.B. Foulis. 1992,

Wetland Trends in Prince Georges County, Malyland From 1981 to 1988-89 by R.W. Tiner and
D.B. Foulis. 1992.

Wetland Status and Trends for the Pleasant Valley Quadrangle, Dutchess County, New York
(1958-1988) by Ralph W. Tiner and Glenn S. Smith. 1993.

"Agricultural impacts on wellands in the northeastern United States” by Ralph W. Tiner, Jr. 1988.

- Status and Trends of Wetlands in Cape May County, New Jersey and Vicinity (1977 to 1991) by

G.S. Smith and R.W. Tiner. 1993.

Wetland Status and Trends in Selected Areas of Maryland's Piedmont Region (1980-81 fo 1988-
89) by RW. Tiner and D.B. Foulis. 1993.

Wetland Status and Trends in Selected Areas of Maryland’s Fall Zone (1981-82 to 1988-89) by
R.W. Tiner and D.B. Foulis. 1993.

Wetland Trends in Selected Areas of the Western Shore Region of Maryland (1981 to 1988) by
R.W. Tiner and D.B. Foulis. 1993.
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141
142
143
144
144a
145
‘146
147

148

149
150
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Wetland Trends for the North East Quadrangle in Maryland (1981 to 1988) by R.W. Tiner and

" D.B. Foulis. 1993.

Wetland Trends for the Kent Island and Queenstown Quadrangles in Eastern Maryland (1982 to
1989) by RW. Tiner and D.B. Foulis. 1993.

Wetiand Trends for the DuBois and Falls Creek Quadrangles in Pennsylvania (1983 to 1988) by
R.W. Tiner and D.B. Foulis. 1993.

Wetland Trends in the Williamsport Area of Pennsylvania (1977 to 1988/90) by RW. Tiner and
D.B. Foulis. 1993. '

Wetland Trends for the Hazelton Quadrangle in Pennsylvania (1981 to 1987) by R.W. Tiner and
D.B. Foulis. 1993.

Wetland Trends in Selected Areas of the Greater Harrisburg Region of Pennsylvania (1983-84 to
1987-88) by R.W. Tiner and D.B. Foulis. 1993.

Wetland Trends for Selected Areas of the Northeast Glaciated Region of Pennsylvania (1981-82
to 1987-88) by R.W. Tiner, D.B. Foulis, and T.W. Nuerminger. 1994.

Wetland Trends for Selected Areas of Dorchester County, Maryland and Vicinity (1981-82 to
1988-89) by R.W. Tiner and D.B. Foulis. 1994. '

Wetland Trends in Dorchester County, Maryland (1981-82 to 1988-89) by D.B. Foulis, T.W.
Nuerminger, and R.W. Tiner. 1995.

Wetland Trends for Selected Areas of the Lower Eastern Shore of the Delmarva Peninsula
(1982 to 1988-89) by R.W. Tiner and D.B. Foulis. 1994.

Wetland Trends in Selected Areas of the Norfolk/Hampton Region of Virginia (1982 to 1989-90)
by R.W. Tiner and D.B. Foulis. 1994.

Wetland Trends for Selected Areas in Northemn Virginia (1980-81 to 1988/91) by R.W. Tiner and
D.B. Foulis. 1994.

T

Wetland Trends for Selected Areas of the Chickahominy River Watershed of Virginia (1982/84 to
1989-90) by R.W. Tiner and D.B. Foulis. 1994.

Recent Wetland Status and Trends in the Chesapeake Watershed (1982 to 1989): Technical
Report by R.W. Tiner, I. Kenenski, T. Nuerminger, D.B. Foulis, J. Eaton, G.S. Smiin, and W.E.
Frayer. 1994. Chesapeake Bay Program, Annapolis, MD. 70 pp. plus appendices. Available
from: Chesapeake Bay Program, 410 Severn Avenue, Suite 109, Annapolis, MD 21403; (800)
968-7229 or U.S. Fish and Wildlife Service, 177 Admiral Cochrane Drive, Annapolis, MD 21401;
(410)-573-4500.

Recent Wetland Status and Trends in the Chesapeake Walershed (1982 to 1989): Execulive
Summary Report by RW. Tiner. 1994.

Wetland Trends for Selected Areas of the Casco Bay Estuary of the Gulf of Maine (1974-77 to
1984-87) by D.B. Foulis and R W. Tiner. 1994.

Wetland Trends for Selected Areas of the Cobscook Bay/St. Croix River Estuary of the Gulf of
Maine (1975/77 to 1983-85) by D.B. Foulis and R.W. Tiner. 1994.

Wetland Trends for Selected Areas of the Coast of Massachusetts, from Plum Island to Scituate
(1977 to 1985-86) by D.B. Foulis and R.W. Tiner. 1994.




153

154

155

156

168

173

177

182
183

192

117

118

119
120

121

Wetland Trends for Selected Areas of the Gulf of Maine, from York, Maine to Rowiey,
Massachusetits (1977 to 1985-86) by D.B. Foulis, J.A. Eaton, and R.W. Tiner. 1994.

Wetland Status and Trends in Charles County, Maryland (1981 to 1988-89) by D.B. Foulis and
R.W. Tiner. 1994.

Wetland Status and Trends in St. Marys County, Maryland (1981-82 to 1988-89) by D.B. Foulis
and RW. Tiner. 1994,

Wetland Slatus and Trends in Calvert County, Maryland (1981-82to 1988-89) by D.B. Foulis
and RW. Tiner. 1994,

Southeast Wetlands: Status and Trends, Mid-1970's to Mid-1980's by J.M. Hefner and others.
1994. Available from: U.S. Government Printing Office, Superintendent of Documents, Mail
Stop: SSOP, Washington, DC 20402-9328; (202) 783-3238; (GPO S/N 024-010-00707-9).

New York Tidal Wetland Trends: Pilot Study in Shinnecock Bay Estuary
and Recommendations for Statewide Analysis by R.W. Tiner. 1987.

Current Status of West Virginia's Wetlands: Results of the National
Wetlands Inventory by R W. Tiner. 1996.

Chesapeake Bay Wetlands: The Vital Link Between the Watershed and the Bay . 14 pp. booklet.
Available from: LS. Fish and Wildlife Service, Chesapeake Bay Field Office, 177 Admiral
Cochrane Drive, Annapolis, MD 21401; (410) 573-4583. '

Wetland Status and Recent Trends for the Neponset Watershed, Massachusetts (1977-1991) by
R.W. Tiner, D.B. Foulis, C. Nichols, S. Schaller, D. Petersen, K. Andersen, and John Swords.
1998.

INVENTORY REPORTS/ARTICLES

Wetland Trends in the Croton Watershed, New York (1968-1994) by R. Tiner, J. Swords, and S.
Schaller. 1999. _

Wetland Trends in Delaware: 1981/2 to 1992 - by R. Tiner, J. Swords, and S. Schaller. 1999.

The Peconic Watershed: Recent Trends in Wetlands and their Buffers .
R.W. Tiner and others. 2000.

OTHER REGIONAL WETLAND INVENTORY REPORTS/ARTICLES

Preliminary NWI Wetland Acreage Reports for Massachusetts (1992) and Vermont (1987 ) by
R. W. Tiner, U.S. Fish and Wildlife Service, NWI Project, Newton Corner, MA

Wetlands Inventory of the FAA Technical Center, Atlantic City International Airport, New Jersey
by Ralph W. Tiner and Glenn S. Smith. 1993.

"Vascular plant communities in wetlands of Pennsylvania®

"Current status and recent trends in Pennsylvania’s wetlands”

"Wetlands of the Delaware River Basin”

The Wetlands of Acadia National Park and Vicinity . A joint publication of the Departmeni of
Wildlife Ecology, University of Maine; the Maine Agricultural and Forest Experiment Station; the

National Park Service; and the U.S. Fish and Wildlife Service. 1994. Miscellaneous Publication
721. 108 pp. Available from: Publications Office, Room 1, Maine Agricultural and Forest Expt.

9



174

181

191

190

188

175

184

Station, 5782 Winslow Hall, University of Maine, Orono, ME 04469-5782; (207) 581-1110.

Wetlands in the Watersheds of the New York Water Supply System . RW. Tiner. 1997. 17 pp.
color booklet. Limited copies through U.S. Fish and Wildlife Service. Available from: New York
City Department of Environmental Protection, Watershed Office of Public Affairs, 71 Smith
Avenue, Kingston, NY 12401; (914) 340-7524.

Mid Atlantic Wetlands - A Disappearing Natural Treasure . RW. Tiner, Jr., June 1987. Copies
through U.S. Fish and Wildlife Service, Ecological Services, Northeast Region, Hadley, MA

Wetlands of Saratoga County, New York . R. Tiner. 2000. 20 pp. color booklet. A Cooperative
National Wetlands Inventory Report. Available from: U.S. Environmental Protection Agency,
Wetland Protection Section, Region Il, 290 Broadway, New York, NY 10007-1866. (Available in
May 2000)

Wetlands of Staten Island, New York . R. Tiner. 2000. 20 pp. color bookiet. A Cooperative
National Wetlands Inventory Report. Available from: U.S. Environmental Protection Agency,
Wetland Protection Section, Region i, 290 Broadway, New York, NY 10007-1866. (Available in
May 2000)

Wetlands and Deepwater Habitats at Saratoga County, New York; The Results of the National
Wetlands Inventory, by RW. Tiner, | K. Huber, D.B. Fowlis, T. Nuerminger, G.S. Smith and M. J.
Starr. 2000.

WETLAND RESTORATION AND CREATION (INCLUDING STREAM BUFFERS)
Wetland Restoration and Creation by R.W. Tiner. 1995.

Chapter 13. Wetland Restoration, Enhancement, and Creation . USDA Soil Conservation
Service. 1992. Engineering Field Handbook, USDA Publication #210. Available from: USDA
Natural Resources Conservation Service (state offices) or Superintendent of Documents,
Washington, DC 20402-9328; (202) 783-3238.

Managing Common Reed ( Phragmites australis) in Massachusetts: An Introduction to the
Species and Control Techniques by R. Tingr. 1998.

Regional Standards to Identify and Evaluate Tidal Wetland Restoration in the Gulf of Maine
edited by H. Neckles and M. Dionne. 1999. Available from: The Wells National Estuarine
Research Reserve, Research Department, 342 Laudholm Farm Road, Wells, ME 04090; (207)
646-1555.; email: wellsnerrt@cybertours.com .

Constructed Wetlands for Wastewater Treatment and Wildlife Habilat:

17 Case Studies. 1995. Available from: Superintendent of Documents, Govt. Pnntlng Office, 710
North Capital Northwest, Washington, DC 20401 (202) 512-1800; e-mail address:
http://mwww.access.gpo.gov/su_docs/

Handbook of Constructed Weltlands, A Guide to Creating Wetlands for: Agricultural Wastewater,
Domestic Wastewater, Coal Mine Drainage, Stormwater, in the Mid-Atlantic Region: Volume 1,
General Considerations 1995. Available from: Superintendent of Documents, Govt: Printing
Office, 710 North Capital Northwest, Washington, DC 20401. (202) 512-1800; e-mail address:
http://iwww.access.gpo.gov/su_docs

Restoring Prairie Wetlands by S.M. Galatowitsch and A.G. Van der Valk. 1994. lowa State
University Press, Ames, IA. 246 pp.

Réstoration of Aquatic Ecosystems by National Research Council. 1992. Available from:
National Academy Press, 2101 Constitution Avenue, N.W., Washington, DC 20418.
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Coastal Wetland Restoration Bibliography by D.J. Yozzo and J.P. Titre. 1997. Rpt. WRP-RE-20.

Available from: U.S. Army Corps of Engineers, Waterways Expt. Station, Vicksburg, MS 39180-
6199; (601) 634-2347.

Wetlands: An Approach to Improving Decisionmaking in Wetland Restoration and Creation by
M.E. Kentula and others. 1992, Available from: Island Press, Washington, DC.

Selected Bibliography: Wetland Creation and Restoration by K.L. Erwin, 1992, Association of
State Wetland Managers, Inc., P.O. Box 2463, Berne, New York 12023-9746.

Wetlands Creation and Restoration: The Status of the Science by J.A. Kusler and M.E. Kentula
(editors). 1989. Available from: Island Press, Washington, DC.

Restoring the Nation's Marine Environment by G.W. Thayer (editors). 1892. Available from:
Maryland Sea Grant Program, College Park, MD.

Treatment Wetlands by R.H. Kgdlec and R.L. Knight. 1996. CRC Pres, Inc., 2000 Corporate
Boulevard NW, Boca Raton, FL 33431. 893 pp.

Habitat Restoration Monitoring Toward Success : A Selective Annotated Bibliography by P.T.
Pinit and R.J. Bellmer, Available from NOAA Restoration Center /HC3, 1315 East-West
Highway, Silver Spring, MD 20910 or via internet: www.nmfs.noaa.gov/habitat/restoration

Wetlands Restoration Primer for K-12 Teachers by Christy Foote-Smith, Director. April 2001.
Executive Office of Environmental Affairs

Restoring Wetland and Streamside/Riparian Buffers by RW. Tiner. 1999.
WETLAND MONITORING

Wetland Monitoning Guidelines: Operational Draft . U.S. Fish and Wildlife Service, Region 5,
Hadley, MA. : ’ : ’

Regional Standards to Identify and Evaluate Tidal Wetland Restoration in the Gulf of Maine
edited by H. Neckles and M. Dionne. 1999. Available from: The Wells National Estuarine
Research Reserve, Research Department, 342 Laudholm Farm Road, Wells, ME 04090; (207)
646-1555.; email: wellsnerr1@cybertours.com .

WETLAND EVALUATION/ASSESSMENT

A Comprehensive Review of Wetland Assessment Procedures: A Guide for Wetland
Practitioners by C.C.Bartoldus. 1999. Environmental Concern, Inc., P.O. Box P, St. Michaels,
MD 21663; (410) 745-9620.

WATERSHED-BASED WETLAND STUDIES: CHARACTERIZATION AND PRELIMINARY
FUNCTIONAL ASSESSMENT, WETLAND RESTORATION, AND OVERALL ECOLOGICAL
INTEGRITY

Wetland Characterization Study and Preliminary Assessment of Wetland Functions for the
Casco Bay Watershed, Southem Maine . by RW. Tiner and others. 1999. U.S. Fish and Wildlife
Service, Region 5, Hadley, MA.

Wetland Characterization and Preliminary Assessment of Wetland Functions for the Boyds

Comer and West Branch Sub-basins of the. Croton Watershed, New York by R. Tiner, S.
Schaller, and M. Starr. 1999. i
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Wetlands and Potential Wetland Restoration Sites for the Mill Rivers and Manhan River
Watershed. R.W. Tiner and others. 2000

Wetlands and Potential Wetland Restoration Sites for the Shawsheen Watershed . R.W. Tiner
and others. 2000. (Cooperative USFWS and University of Massachusetts report)

, INTERNATIONAL WETLANDS NEWS

Ramsar Newsletter available from Bureau of the Convention on Wetlands, Rue Mauverney 28,
CH-1196 Gland, Switzerland; email address: ( http://iucn.org.themes/ramsar).

GENERAL WETLAND REFERENCES

Wetlands: Environmental Gradients, Boundaries, and Buffers edited by G. Mulamoottil, B.G.
Warner, and E.A. McBean. 1996. Available from: CRC Press, Inc., Lewis Publishers, 2000
Corporate Boulevard, N.W., Boca Raton, FL 33431; (561) 994-0555.

Wetlands: Characteristics and Boundarnies by Committee on Characterization of Wetlands,
National Research Council. 1995. National Academy Press, 2101 Constitution Avenue NW,
Washington, DC 20418; (800) 624-6242.

Wetlands: Guide to Science, Law, and Technology by M.S. Dennison and J.F. Berry. 1993.
Noyes Publications, 120 Mill Road, Park Ridge, NJ 07656.

Wetland Ecology and Conservation: Emphasis in Pennsylvania. Pennsylvania Academy of
Science. 395 pp. The Pennsylvania Academy of Science, c/o Dr. S.K. Majumdar, Department of
Biology, Lafayette College, Easton, PA 18042.

Wetlands of the World I: Inventory, Ecology and Management edited by D.F. Whigham, D.
Dykyjova and S. Hejny. 1992. Kluwer Academic Publishers, Dordrecht, Netherlands. Available
from: Kluwer Academic Publishers, 101 Phlllp Drive, Norwell, MA 02061.

Wetlands by W.J. Mitsch and J.G. Gosselink. 2000. John Wiley & Sons, Inc., 605 Third Avenue,
New York, NY 10158-0012.

National Water Summary on Wetland Reso[lrces, U.S.G.S. Water-Supply Paper 2425, U.S.
Geological Survey, 409 National Center, Reston, VA 22092. Available from: U.S. Government
Printing Office, Superintendent of Documents, M.S. SSOP, Washington, DC 20402-9328.

In Search of Swampland: A Wetland Sourcebook and Field Guide by R.W. Tiner. 1998. Ruigers
University Press, P.O. Box 5002, New Brunswick, NJ 08903; (732) 445-1970. 264 pp. Includes
illustrations of over 200 wetland plants and more than 100 animals plus 39 color plates.
Excellent introduction for average citizens, teachers, and resource planners. Voted a best
science book for junior high and high school readers in 1998 by the American Association for the

Advancement of Science.

WETLAND PROTECTION

Protecting America’s Wetlands: An Action Agenda by The Conservation Foundation,
Washington, DC. 69 pp. Available from: The World Wildlife Fund, 1250 Twenty-fourth Street
NW, Washington, DC 20037; (202) 778-9521 (Mrs. Keller). Limited copies available.

Protecting Nontidal Wetlands by D.G. Burke, E.J. Meyers, RW. Tiner, Jr., and H. Groman.

. American Planning Association, 1313 East 60th Street, Chicago, IL 60637. Planning Advisory

Service Report 412/413. 76 pp. (Contains rodel local wetland protection ordinance.)
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Statewide Wetlands Strategies: A Guide to Protecting and Managing The Resource by World
Wildlife Fund. Available from: Island Press, Box 7, Covelo, CA 95428, (800) 828-1302 OR Istand
Press, 1718 Connecticut Avenue NW, Washington, DC; (202) 232-7933.

WETLAND MITIGATION

Mitigating Freshwater Wetland Alterations in the Glaciated Northeastern United States: An
Assessment of the Science Base by J.S. Larson and C. Neill (editors). 1987. The Environmental
Institute, University of Massachusetts and the Fund for New England, 143 pp. Available from:
The Environmental Institute, University of Massachusetts, Blaisdell House, Amherst, MA 01003.

Compensatory Wetland Mitigation in Massachusetts by S. Brown and P. Veneman, 1998,
available from Massachuselts Agricultural Experiment Station, University of Massachusetts,
Ambherst, Massachusetts 01003.

WETLAND WEB SITES
Some sites that may be of interest:

1) http://www.sws org (Society of Wetland Scientists)
2) http://imww wes.army. mil/eliwetiands.html (U.S. Army Corps of Engineers Walerways
Experiment Station
3) http://www.nwi.fws.gov (U.S. Fish and Wildlife Service National Wetlands Inventory)
4) http:/Amww statlab.iastat.edu/soils/hydric (Hydric Soils Information)
5) hitp://www.pwrc.usgs.goviwli/ (USDA’s Wetland Science institute)
6) http://www.epa.gov/iowow/wetlands/wetline.html (U.S. EPA)
7) hitp:/iwww Iwv.orgiwebwalk/index.himl (League of Women Voters - Wetland Education
Projects)
8) hitp:/Awww eli.org/bookstore/nwnindex.htm (Environmental Law
Institute’s National Wetiands Newsletter Index)
9) hitp://www.beaversww.org (Beavers: Wetlands and Wildlife-information
on beaver and structures to control beaver caused flooding at dams
and culverts)
10) http:/Mww.cas.psu.edu/docs/CASDEPT/FORESTAvetlands/cwchome.htm
(Penn State Cooperative Wetland Center)
11) hitp:/iwww terrene.org (Terrene Institute; some wetland information, but links to many
environmental organizations)
12) http://plants.usda.gov/plants (NRCS information on plants, including
wetland search for “wetland indicator status”)
13) http:/iwww.vernalpool.org (Vernal Pool Information)

_.14) hitp://mww topozon.com (free access to USGS topographic maps)

15) http:/plants.ifas ufi.edu (University of Florida's Aquatic, Wetland, and Invasive Piant
Information Retrieval System)
16) http://ramsar.org/strp_rest_index.htm (Ramsar information on wetland restoration )
17) http:/Awww epa.gov.watertrain/wetlands/ (wetland functions and value module)
18)http://www.dec_state.ny.us/website/dow/stream/index.htm(New York State pictorial key to
wetland/stream macroinvertebrates)

PUBLIC INFORMATION REPORTS/BOOKLETS/POSTERS/COLORING BOOKS

U.S. Department of the Interior, The Impact of Federal Programs on Wetlands, Vol. | , A Report
to Congress by the Secretary of the Interior, Washington, DC. October 1988. (Geographic Area
includes: The Lower Mississippi Alluvial Plain and the Prairie Pothole Region.) Available from:
National Technical Information Service (NTIS), 5285 Port Royal Road, Springfield, VA 22161;
(703) 605-6000. )

U.S. Depariment of the Interior, The Impact of Federal Programs on Wetlands, Vol. Il , A Report

13
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to Congress by the Secrefary of the Interior, Washington, DC. March 1994. (Geographic Area
Includes: The Everglades, Coastal Louisiana, Galveston Bay, Puerto Rico, California’s Central
Valley, Western Riparian Areas, Southeastern and Western Alaska, The Delmarva Peninsula,
North Carolina, Northeastern New Jersey, Michigan, and Nebraska.) Available from: National
Technical Information Service (NTIS), 5285 Port Royal Road, Springfield, VA 22161;

(703) 605-6000.

America's Wetlands: Our Vital Link Between Land and Water . 1988. U.S. Environmental
Protection Agency, Office of Wetlands Protection, Washington, DC. 9 pp. Free single copies
available from: Public Information Center (PM-211B), U.S. EPA, 401 M Street S.W.,
Washington, DC 20460.

My Wetland Coloring Book. 1991. Explains why wetlands are important . Available from:
Superintendent of Documents, Gov't Printing Office, 710 North Capital Northwest, Washington,
DC 20401, (202) 512-1800, email address: hitp:/Mwww. access.gpo.gov/su_docs

Young Scientist’s Introduction to Wetlands ..1994. Educational coloring book that defines

wetlands, wetland plants/animals. Available from: Superintendent of Documents, Govt. Printing

Office, 710 North Capital Northwest, Washington, D.C. 20401, (202) 512-1800, email address:
http:/Mww.access.gpo.gov/su_docs/

"Wetlands Fact Sheets” on topics related to wetland protection and regulation, as well as any
other general welland questions. EPA Wetland Protection Hotline 1-800-832-7828.

Restoring Massachuselts Wetlands . Coloring book for elementary school children produced by
the Massachusetts Wetlands Restoration and Banking Program (WRBP), Executive Office of
Environmental Affairs, 100 Cambridge Street, Boston, MA 02202; phone (617) 727-9300, x213.
(Copies also available from WRBP.)

Habitat Values of New England Wetlands by C. Pedevillano. Available from: U.S. Fish and

" Wildlife Service, New England Field Office, 22 Bridge St., Concord, NH 03301; (603) 225-1411.

WETLAND JOURNALS/NEWSLETTERS

Wetlands - The Journal of the Society of Wetland Scientists. Available from: The Society of
Wetland Scientists, P.O. Box 296, Wilmington, NC 28402. )

Wetland Joumnal . Available from: Environmental Concern, Inc., P.O. Box P, St. Michaels, MD
21663, (410) 745-9620.

National Wetlands Newsletter . Available from: Environinental Law Insfitute, 1616 P Street NW.,
Suite 200, Washington, DC 20036.

Association of State Wetland Managers Newsletter. Available from: Association of State

Wetland Managers, Box 2463, Berne, NY 12023.
Wetlands Ecology and Management. SPB Academic Publishing Inc., Amsterdam.

Swamp Things Mailing List (notes from U.S. EPA’s Wetland Division)

To be added to the list, contact Stephanie Peters, Wetlands Division (4502F), USEPA, 401 M
Street, SW, Washington, DC 20460; (202) 260-7946; FAX: (202) 260-2356; email address:
peters.stephanie@epamail.epa.gov.

Wetland Breaking News (latest in up-to-date wetland issues and publications). Produced by the
Association of State Wetland Managers. Electronlc mailings. To get on the mailing list, email:
news@aswm.org.

WETLAND NATURAL HISTORY
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Days Afield - Exploring Wetlands in the Chesapeake Bay Region by W.S. Sipple. Available from:
W.S. Sipple, 518 Red Bluff Court, Millersville, MD 21108; (410-987-4083; email:

www.bsip333@aol.com)

See also In Search of Swampland listed under "Wetland |dentification - Field Guides."

WETLAND PLANT NURSERIES

Inclusion of this list does not represent endorsement by the U.S. Fish and Wildlife Service. The
fist is simply presented-as a guide for individuals looking for wetland plants to purchase.
CAUTION: When considering native plantings, seek out nurseries as close to your property as
possible, as they should have the best genetically adapted plants for your climate and soil

conditions.

Pinelands Nursery, Inc.

323 Island Road

Columbus, NJ 08022

(609) 291-9486

(Also has nurseries in Gloversville,
NY and Toano, VA

New England Wetland Plants, Inc.
800 Main Street

Amherst, MA 01002

{413) 256-1752

New England Environmental Services
Blackledge River Nursery

155 Jemry Daniels Road

Marlborough, CT 06447

{860) 295-1022

Bigelow Nurseries
P.O.Box 718
Northboro, MA 01532
(508) 845-2143

Ernest Crownvetch Farms
RD 5, Box 806

Meadville, PA 16335
(800) 873-3321

Sylva Native Nursery & Seed Co.
RD 2, Box 1033

New Freedom, PA 17349

(717) 227-0486

15

Environmental Concern, Inc.

“P.O.Box P

St. Michaels, MD 21663
(410) 745-9620

Southern Tier Consulting Inc.
2701 A Route 305

P.O. Box 30

West Clarksville, NY 14786
(716) 968-3120

Wildlife Nurseries Inc.
P.O. Box 2724

Oshkosh, Wi 54903-2724
(920)231-3780

Ecoscience Wetland Nursery
RR4, Box 4294

Moscow, PA 18444

(717) 842-7631

Octoraro Wetland/Native Nurseries
Box 24

Oxford, PA 19363

(610) 932-3762



WETLAND REGULATORY AGENCIES IN THE NORTHEAST

FEDERAL AGENCIES

Chief, Regulatory Branch

U.S. Army Corps of Engineers
‘Baltimore District

P.0. Box 1715

Baltimore, MD 21203

(410) 962-3670

Geographic Area: Susquahanna and
Chesapeake Bay Watersheds;
Maryland and Central

Pennsylvania

Chief, Regulatory Branch

U.S. Army Corps of Engineers
Buffalo District

1776 Niagara Street

Buffalo, NY 14207

(716) 879-4104

Geographic Area: Western New
York

Chief, Regulatory Branch

U.S. Army Corps of Engineers
Huntington District

502 Eighth Street

Huntington, WV 25701

(304) 529-5211

Geographic Area: Ohio River
Drainage; West Virginia

Chief, Regulatory Branch

U.S. Army Corps of Engineers_
Norfolk District :

803 Front Street

Norfolk, VA 23510

(757) 441-7601

Geographic Area : Virginia

Chief, Regulatory Branch

U.S. Army Corps of Engineers
Philadelphia District

100 Penn Square East

Philadelphia, PA 19107

(215) 656-6734 '

Geographic Area: Delaware River
Drainage; Eastern Pennsylvania,
Southern New Jersey, and Delaware
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Chief, Regulatory Branch

U.S. Army Corps of Engineers
New York District

Jacob K.Javits Federal Bidg.
New York, NY 10278

(212) 264-3996

Geographic Area: New York and
Northern New Jersey

Chief, Regulatory Branch
U.S. Army Corps of Engineers
New England Division

696 Virginia Road

Concord, MA 01742

(978) 318-8220

Geographic Area: New England
States

Chief, Regulatory Branch

U. S. Army Corps of Engineers
Pittsburgh District

1000 Liberty Avenue
Pittsburgh, PA 15222

(412) 644-4204

Geographic Area: Western
Pennsylvania



For information on state wetland regulatory agencies, contact the appropriate U.S. Fish and Wildlife

Service field office:

Chesapeake Bay Field Office
177 Admiral Cochrane Drive
Annapolis, MD 21401

(410) 573-4500

Eastern Pennsylvania Field Office
P.O.Box H -
Tobyhanna, PA 18466

(570) 894-1275

Long Island Field Office
P.O. Box 608

Islip, NY 11751

(516) 581-2941

Maine Field Office

1033 South Main Street
Old Town, ME 04468
(207) 827-5938

New England Field Office
22 Bridge Street, Unit #1
Concord, NH 03301
(603) 225-1411

New Jersey Field Office
927 North Main St., Bldg. D
Pleasantville, NJ 08232
(609) 646-0620
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New York Field Office
3817 Luker Road
Cortland, NY 13045
(607) 753-9334

Pennsylvania Field Office
315 S. Allen St., Ste. 322
State College, PA 16801
(814) 234-4090

Rhode Island Field Office
P.O. Box 307
Charlestown, RI 02813
(401) 364-9124

Southwestern Virginia Field Office
P.O. Box 2345

Abingdon, VA 24210

(540) 623-1233

Virginia Field Office
6669 Short Lane
Gloucester, VA 23061
(804) 693-6694

West Virginia Field Office
P.O. Box 1278

Elkins, WV 26241

(304) 636-6586



LIST OF NATIONAL WETLANDS INVENTORY
MAP DISTRIBUTION OUTLETS FOR THE NORTHEASTERN U.S.

U.S. Fish and Wildlife Service - Region 5

State Outlets (verified 4/97)

CcT

DE

ME

MD

MA,
PA,
VA

Diane DeTuccio -
CT Dept. Env'l. Protection
Natural Resources Center
Maps and Publication Sales
79 Elm Street

Hartford, CT 06106
860-424-3581

For Quantities of 1-5 Only:
Delaware Dept. of Natural Resources
Wetlands Section

89 Kings Highway

Dover, DE 19903

302-739-4691

For Any Size Order:

Gerald A. Donovan Associates, Inc.
429 South Governors Avenue
Dover, DE 19904

302-674-2903

Bob Tucker

Maine Geological Survey
22 State House Station
Augusta, ME 04333-0022
207-287-2801

Maryland Geological Survey
Dale Shelton, Publications
2300 St. Paul Street
Baltimore, MD 21218

410-554-5505 -

Dennis Swartwout

Earth Science Information Office
Blaisdell House

Univ. of Massachusetts
Amherst, MA 01003
413-545-0359

413-545-2304 FAX

NH

NJ

NY

Rl
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Bea Jillette

Office of State Planning
State of New Hampshire
2 1/2 Beacon Street ‘
Concord, NH 03301
603-271-2155

NJ Dept. Env'l.Protection

Office of Support Services
Maps and Publications ~-CN-420
Trenton, NJ 08625-0420
609-777-1038

Eugena Barnaba

Cornell Institute for Resource
information Systems (IRIS)
Resource Information Lab
Cornell University

302 Rice Hall

Ithaca, NY 14853
607-255-4864; 607-255-6520

Chuck Herbert

Dept. of Environmental Mgmt.
Water Resource Program

235 Promenade Street
Providence, Rl 02908
401-222-4700 (x7710, wetlands)

Patty Usie

Dept. of Env'l. Conservation
Water Quality Division

103 South Main St., Bldg. 10-N
Waterbury, VT 05671-0408
802-241-3770 '



WV  Barbara Sargent
Natural Heritage Program
WV Div. of Natural Resources
P.O. Box 67 - Ward Road
Eikins, WV 26241
304-637-0245

National Outiet
Eastern Mapping Center - NCIC
Earth Science Info. Center
U.S. Geological Survey -
Reston, VA 22092
703-648-6045

OR
1-888-ASK-USGS
(1-888-275-8747)

* Also distributes NWI Maps for AZ, AR, ID,
MS, MO, and NM.

NOTICE: NWI maps are available in digital
form for many areas via the Internet
[ww nwi. fws gov). :
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PUBLICATION ORDER FORM ,

Name:

Address:

Piease circle the requested publications and return this form to the address below:

101 116 131 145 160 175
102 117 132 146 161 176
103 118 133 147 162 177
104 119 134 148 163 178
105 120 135 149 164 179
106 121 136 150 165 180
107 122 137 151 166 181
108 123 138 152 167 182
109 124 139 153 168 " 183
110 125 140 154 169 184
11 126 1M ‘ 155 170 185
112 127 142 156 171 186
113 128 143 . 157 172 187
114 129 144 158 173 - 188
115 130 1443 159 174 189
190 191 192 193 194 195
196
Mail to: U.S. Fish and Wildlife Service
Ecological Services (NWI)
300 Westgate Center Drive -

Hadley, MA 01035-9589
p:/drobinso/ralph/pubs/publists2 wpd

20



Appendix G. Wetlands: Best Management Practices (Source: Welsch, et al. 1995)
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WETLANDS
BEST MANAGEMENT PRACTICES

The following is a list of wetland best management practices intended to supplement
existing upland forestry best management practices and to reduce potential adverse
impacts of forest management activities on wetlands. Note that some upland BMP's have
beea included as appropriate to facilitate understanding. While some of the practices may
be required by law, they are listed here simply as a means of protecting the wetlands func-
tions and valves.

This list is intended as an example and o be effective should be supplemented or
refined by individual State Foresters in consultation with representatives of other
natural resource management agencies suck as the U.S. Army Corps of Engineers,
Environmental Protection Agency, Natural Resources Conservation Service, Fish
and Wildlife Service, State Water Quality Agency, consultant foresters, forest
industry representatives and others for use in their cespective states. The list should
not be considered a checklist of mandatory practices as there will seldom be a situa-
tion in which all of the practices will be needed on the same area at the same time.

THREE PRIMARY CONSIDERATIONS

1.".Considerthe relative importance of the wetland in relation
tothetotal property to be managed. Perhaps the wetland
should simply be left undisturbed. ) )

Proze'-t the environment. Do not a!te. the h)dr.? gy ofthe
vetland by' L .

restuctmg the mflow or outrlowo. surfa\.e,
sub-surface or groundwater, .

redusing resicence time of waters,
introducing toxic substances,
- changing the temperature regime.

J Protecu ildiife habitat to the extent that knowﬂdga per-
~ mits andto alevel consistentwith its value to sccisty.

PLANNING
Identily and comply with federal, state, and local laws and regulations as discussed
in the legal requirements section of this document.

Identify control points: those places within the area to be managed that should be ac-
cessed, those that should be avoided or those that need special consideration.

Some examples of control points are:

* Location of surface watcr, spring secps and other wetlands,
Note that these are best located in the Spring as many wetlands

are difficult to ideniify during dry pcnods
* Location of environmentally preferable stream crossing poiants.
* Location of streamside management zones as described below.

+ Location of areas requiring special equipment or timing of operations.




The timber sale contract or harvest agreemen( should contain language 1o require the
use of the BMP’s identified as necessary in the planning process.

Establish streamside management zones, strips of land bordering surface waters and
in which management activities are adjusted to protect or enhance riparian and
aquatic values. An example would be a strip managed for shade or larger trees to
help maintain cooler waler temperatures or provide large woody debris to streams
respectively.

Establish filter strips, strips of land bordering surface waters, that are sufficient in
width based on slope and roughness factors and on which machine access is con-
trolled to prevent sedimentation of surface water.

Locate access system components such as roads, landings, skid trails, and mamte-
nance areas outside of filter strips and streamside management zones.

To eliminate unanccessary soil disturbance, plan the most efficient access system to
serve the entire property, then build only what is currently necessary. :

Limit equipment cntry into wetlands to the minimum necessary. Avoid equipment
entry into wetlands whenever possible.

ACCESS SYSTEMS

Examples of BMP's prescated in the Haul Roads section are based on BMP’s being pre-

" pared by the Minncsota Departmeat of Natural Resources, Division of Foresiry and the
MnnwotaWedand BMP Committee.

' PERMANENT HAUL ROADS

Haul roads are travelways over which logs are moved while fully. supported on the
. bed of a wheeled truck. )

. Timber haul costs include construction, hauling and maintenance of both roads and
equipment. Use of poor practices to reduce construction costs only results in related
increases in bauling and maintenance costs. A properly located and constructed road

- will be most cost cfficient and will have limited adverse impact on water resources
including wetlands and aquatic and riparian habitats.
Consider threatened and endangered species habitat, trout spawning seasons, and
public water supplies when locating and building roads.
Avoid constructing roads througli wetlands unless there are no reasonable alterna-
tives. .
Where roads must be constructed through wetlands, use the following and other
BMP's to design and construct the road system so as neither to create permanent
changes in wetland water levels nor alter the wetland drainage patterns:

Road drainage designs in wetlands must provide cross drainage of the wetland dur-
ing both flooded and low water conditions.

Avoid road construction and use during spring thaw and other wet periods.

Use drainage techniques such as crowaing, insloping, outsloping and 2 percent
minimum grades as well as surface gravel and maintenance to ensure adequate
drainage and discourage mtﬁné and associated erosion and sedimentation.

Divert outflow from road drainage ditches prior to entering wetlands and riparian
* areas to minimize the introduction of sediment and other pollutants into these sensi-

tive areas.

Minimize the width of the road running surface to the minimum necessary (0 safely
meet owners objectives, typically 12 fect wide for straight sections and 16 feet wide
for curves. Additional width may need to be cleared of large vegetation to accom-

modate plowed snow.



Cease road use if ruts exceed 6 inches in depth for moce than 300 feet.

Considér use of geotextile fabric during coastruction to minimize disturbance, fill
requirements, and maintenance costs.

All fills in wetlands should be constructed of free daaining granular material.

Road construction on soils with organic layers in excess
of 16 inches in thickness

Organic soils vary greatly in strength, and coasultation with a registered engineer is
advised when designing roads on these soils.

Permanent haul roads built on organic wetlands must provide for cross drainage of
water on the surface and in the top 12 inches of soil. This can be accomplished
through the incorporation of culverts or porous layers at appropriate Ievels in the
road fill to pass waler atits normal level through the road corridor.

A

. -

Al culvests in organic soils should be 24 inch diameter and placed with their bottom
half in the upper 12 inches of the soil to handle the subsudface flow and their top
half above the surface to handle above ground flow. Failure 1o provide drainage ia
the top 12 inches of the soil can result in changes in the hydrology of the wetland
and subsequent changes in water chemistry and plant and animal habitat.

Road construction on solls with organic layers in excess

of 4 feet in thickness

Where organic soils are greater than 4 feet decp, the read should be constructed
across the top of the soil surface by placing fill material oa top of geotextile fabric
and/or log cordurey. The road will sink into the peat somewhat due to its weight and
the Jow bearing strength of the soil and will require cross drainage to preveat inter-
ruption of the wetland flow. -

The 12 Inch layer of porous raterial-
is placed 10 align In elevation with the
porous soll kayer .
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ALTERNATIVE POROUS ROAD DESIGN
{shown in photo sequence below)
¢
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One mcthod of drainage is to incorporate a 12 inch thick layer of porous material
such as large stone or chuakwood into the roadbed. This material should be scpa-
rated from the adjacent fill layers by geotextile fabric, and be incorporated into the
road fill design so as to lie in the top 12mdmofd1esmldwspmvndmgaoontmu-
ous cross dainage.

Climate permitting, cmstmction on soils with deep organic layess is best undertaken
when the organic soil is frozen in order to preserve the strength of the oot mat.

Where continuous porous layers are not used, culverts should be placed at points
where they will receive the greatest support from the soil below. These arcas gener-
ally occur near the edge of the wetlands or as inclusions where the organic soil is
shallow. '

Ditches panallel to the roadbed on both sides should be used to collect surface and
subsurface waler, carry it through the culvert and redistribute it on the other side.
These ditches should be located three times the depth of the organic layer from the
edge of the road fill unless otherwise determined by an eagineer.

Road construction on soils with organic layers between 1.3 and
4 feet in thickness

‘Where organic soils are less than 4 feet decp, fill can be placed directly on the peat
susface and allowed to sink compeessing or displacing the peat until equilibrium is -
md)ed.W'dﬂhlsmethod,ctdvmsmuscdmstadofpo:wslaycrs to move sur-
face and subsurface flows through the road fill material.

Culverts should be placed at the lowest clevation on the road centerdine with addi-
‘tional culverts as needed to provide adequate cross drainage.

Ditches parallel to the road ceaterline should be coustructed along the toc of the fill
1o collect surface and subsurface water, carry it through the culvert and redistribute
it on the other side.

|
I

s K izl . .
A Geotextile is then placed on top of the corduroy A Ar!o(hetlayetdqeo(exﬂeisplacedonlopo(me
along with a layer of wood chunks 1o form the chunkwood 0 ptmmlmandsealingd
porous layer. Coarse gravel could be substituled. paulslaye:ﬂegtavelmmgsufacelsp‘m

on top of the geotextde fabric.
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Geote)dilemdexpandedmetalsheelsareusedlo

strengthen an existing road.

A Typical size of chunkwood fit

material

A Removal of the geotextite and expanded metal leave the
road surface refatively undisturbed.

TEMPORARY ROAD CONSTRUCTION ON ALL SOILS

Examples of BMP's used in the Temporary Roads section are based on methods in
use in Maryland and Delaware. ’

For temporary roads, consider the use of support systcms such as geotextiles and
various wood and metal platform devices

Consider subsoiling or chiseling to break up compacted road surface to reestablish
soil porosity when hauling is completed.

A Gravel surface may be used d recﬂy over chunkwood filt for
a ightweight road where a porfous section is less imporfant

2en Dimes Equipment Development Cenver /

Divid J. Weteeh | USOA Porest Setvios

USDA Forest Serdce
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SKID TRAILS
Skid trails are rough travelways for logging machinery. Logs are often dragged over
the skid trail surface only partially supporied by the machine pulling them and pai-
tially supported on the trail surface.

Avoid cquipment entry into wetlands especially those that can be logged by cable
from adjoining uplands.

Where equipiment catry into wetlands is unavoidable, minimize the arca distorbed 2s
well as the number of repeated passes over the same trail.

Ruts over 6 inches in'depth can block normal subsurface drainage and create sur-
face channels resulting in cither a raised water table or shodter residence time and
excessive drainage. Do not create a pattern of trails with 6 inch ruts that either
blocks or facilitates drainage.

Use low ground pressure equipment when possible or tracked vehicles on both or-
ganic soil wetlands and mineral soil wetlands where soils have greater than 18 per-
cent fines as defined by the Natural Resources Conservation Scrvice, Use conven-
tional tires on skidders only when the ground is dry or frozen.

gg
4
§

Nortern Logoer and Timber Procetsor

mmwmhes mu,e _ A Note the difference in rutting between wide tire (left) and
density of the skid wall pattern. © conventional tires {right) in the same skidding situation.




Usc of high flotation tires on areas that are marginally operable with conventional
equipment results in minimal impact. Use of high flotation tires to extend opera-
tioas into areas that could not be operated with conventional equipment can result
in adverse impacts.

Schedule the harvest during the drier scasons of the year or during time when the
ground is frozen. Consider ccasing operations in arcas where rutting exceeds 6
inches in depth.

Prepare skid trails for anticipated traffic and weather conditions including spriné
thaws to facilitate drainage and avoid unnecessary rutting, relocation and washouts.

Minimize the crossing of pereanial or intermittent streams and waterways. Use por-

table bridges, poled fords and corduroy approaches oc other mitigating measures to
prevent channcl and bank disturbance and sedimentation.

Cross sircams at right angles and use bumper trees to kecp logs on the trail or
beidge and off the stream banks. -

Do not skid through vemal ponds, spring seeps, of stream channels.

Use brush or corduroy to minimize soil compaction and rutting when skidding in
wet areas.

Reduce skid volumes when skidding through wetland arcas.

 David Kitredge / Universty of Massechuretts




A Corduroy approaches help to conlrol A These skidder ramps are lighter weigix and
erosion and keep mud of! the logs will sometimes require logs for support.
and owt of the stream. .
LANDINGS

Keep the number and size of landings to the minimum necessary to accommodate
the area, the products harvested and the equipment necessary to the activity pre-
scribed.

Where possible, locate landings outside wetlands and far from streams on well
drained arcas with gentle grades where drainage into and away from the landing can
be controlled. These practices will minimize soil compaction as well as soil crosion
and sedimentation of surface waters that can result from concentrated heavy equip-
meat use. -

-
aeega AR
-t _ee

- T 3V
This is an exceflent fanding located on a well-drained area immediatety
adjoining the wetland. _

A

If no other locations are pndical. place landings on the highest ground possible
within the wetland and use them under dry o frozen conditions only.

Geotextile fabric use at landing sites is recommended in wetlands and oa soils with
low bearing streagth to minimize soil crosion and compaction.

Geotextite fabric is difficult to impractical 1o remove whea covered with gravel or
fill. Where removal isrpquirodomxsidcrduuscofﬁbodornﬂalplzd'mormats
with or without geolextiles as necessary.

Consult with Federal, State and local authoritics regarding permit requirements be-
fore using fill or pads for landings located in wetlands.




HAINTENANCE AREAS

Locatcmmntmanocarcastoamndﬂzcsplﬂagcofoiﬁldmddhcrhazardous ma-
tankmtowethnd&Stomopawngmpphsofsuchmtmalsawayﬁomweuands i

Designate a specific location for draining lubricants and other fluids during routine
mainteaance. Provide for collection, storage and proper disposal.

Provide containcers to collect fluids when the inevitable brcakdownoccurs in the
wetland and repairs must be made on the site.

LO,GG_ING»UNDER FROZEN CONDITIONS
Avoid crossing springs, sceps and areas of water which do not frecze well.

Where water crossings cannot be avoided or frozen conditions cannot be relied
upon, use portable bridges or poled fords. Temporary structures are preferable to -
permancat oncs unless the crossing is on a permanent road.

Design the crossing to save the structure and accommodate high flows in the event
of an untimely thaw.

Plow or pack snow in the operating area to'minimize the insulation value and facili-
tatc ground freczing. Clear enough area to accommodate future snow plowing.

Monitor the operating conditions closely after three consecutive nights of above
freczing temperatures or the occurrence of warm rain. Cease operations when ruts
exceed 6 inehesindcpth.Whmdayﬁmcwmpaamm arc above freczing, butmgbt-
time tempezatures remain below freezing, plan to operate only in the mommg and
cease Opetauons when rutting begins.

‘Plan to move cquipment and materials to upland areas prior to the occurrence of

STREAMSIDES AND STREAM CROSSINGS

Streamside Management Zones (SMZ’s) are strips of land which border surface wa-

ters and in which management activitics arc adjusted to protect or cahance riparian

and aquatic values. The width of SMZ’s varies with the intended purposc. An ex-

ample would be a strip managed for shade or larger trees to help maintain cooler
. water temperatures or provide large woody debris to streams.

Filter Strips are strips of land bordering surface waters and sufficient in width, based
on slope and roughness factocs, to prevent soil erosion and sedimentation of surface
water. ' )
Establish a streamside management zone with a minimum width equivalent to ode
and one half trec heights between heavy harvest cuts such as clearcuts of secd tree
cuts and permanent and intermittent streams to preveat nutrient leaching into
streams.

Establish a streamside management zonc on perennial and intermitteat streams.
Maintain 50 percent crown cover to limit water and ground surface temperature in-
creases. Manage for older trees at the water’s edge to provide a natural supply of
lacge woody debris and to shade the water surface. The necessary width of the zone
will vary with climate and stream direction. SMZ’s should normally be onc and onc
half tree heights in width, bowever, due to sun position, a 15 foot width may be all.
ﬁmusnemsaxyonthcnonhsidcofwst-wmmnnmgmmsocuonsmnoﬁhan
latitudes. .

Within the streamside management zone, maximize cable lengths and minimize the
number and-length of skid trzils to reduce canopy and ground disturbance. :



Establish filtcs suips o lands adjaceat to lakes and streams using the following .(5(
guide to coatrol crosion and sedimeatation of surface waters. \

Percemt slope Recommended width of fifter strip

_ (slope distance in fee()
o-1 25
2-10 30 - 50
1n-20 50 — 70 ' - .
21-40 70 - 110
41-70 110 - 170

Roads and trails should be minimized in streamside management zones, but should
be located outside of the filter strips except where stream crossing is necessary.
Naturally ocourring woody debris should be allowed 10 reanin in streams. However,
avoid fclling trees into streams 2od remove from the streams any trec tops and other
slash resulting from the logging operation. In some cases, poteatial damage to the
channel and bank will outweigh the need for removal. )

FELLING PRACTICES :
Precautions should be taken when logging aear a wetland or stream. Felling trees
of amphibious and aquatic specics. However, naturally oconrring woody debris is
necessary to many stream functions and should be keft vadistmbed,

Avoid fclling trees into nonforested wetlands. When such felling is unavoidable,
remave the tree to high ground before limbing. Slash from trees felled ou wpland
mrsms&daedﬁﬂmlaulunduﬂwaaanu'Aamdmynotbedcposued
on wetland sites.

Kcepslashmculting from the logging operation out of streams and wetlands with
standing water naless specifically prescribed for fish or wildlife habitat purposes.
Normally, stash kft in these areas uses oxygen necded by fish and other aquatic
animals. Slash can also limit access of certain species to wetiands.

Review the section on vernal pools and temporary ponds for excephons to these
gundchm

SILVICULTURE

Distribute the size, timing and spacing of regeneration cuts, including clearcuts, to
minimize changes in ground surface and watcer tempeature over the wetland as a
whole. Maintain a crown cover of 50 perccat o more during selection and thinning
cul&ExocpbonsmayooanmvetyooldchmauswimlowwawtwmpaWum
ahabltallumtatwn_
Onu'gamcsmls,oondudshcpmpanﬁonopaaﬁouswchassh&ﬂngandﬁkmg
onlywhcnducgmnndumﬂiaeﬂ!yﬁountoamdmwhmc:ykeahngdxmghmc
oot mat.

Donotdeposit:lashandodumidm from upland operations in wetlands.

. WILDLIFE AND FISH

' GENERAL CONSIDERATIONS

“Timber activitics in forcsted wetlands should be avoidad during the breeding period
of threatcncd and cadangered fish and wildlife specics known to inhabit the wetland.

Preserve arcas where hummocks of thick sphagnunt moss abut small or large pools
of water as a unique habitat combination roguired by the four-toed salamander.
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for the four-oed satamander.

A Anarea of sphagnum humps; a criical nesting habitat

from a nest box.

A A wood duck chick about to jump






