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Introduction

The Purpose of This Handbook

Riparian forest buffers have been identified as a
valuable nutrient reduction tool when used in

conjunction with other conservation practices.

For this reason, the Chesapeake Bay Program
has targeted riparian forests as a key habitat for
restoration. The purpose of this handbook is to
provide professional land managers and plan-
ners with the latest information on thanc-

tions, design, establishment, and
managementof riparian forest buffers. This

handbook is intended for use by:

e agencies and private concerns that provide
technical assistance in the field,

* local governments who want to use the
handbook as a technical basis for decision-
making,

» policy makers,

» public/consulting or service/private foresters,
and

» professional land managers, both industrial
and public.

The handbook is specifically written to serve
those states in the Chesapeake Bay Watershed —
Delaware, Maryland, New York, Pennsylvania,
Virginia, and West Virginia. However, states
that are adjacent to the Bay states, with similar
physiography, can also use the publication for
guidance. The handbook uses the three-zone
riparian buffer concept developed by Welsch as
a guideline for buffer establishment.

This publication is done in three-ring binder
format so that additional materials can be added
as they become available. Local publications
and regulations can be added to personalize the
handbook.

Historical Background

When colonists first arrived on the shores of the
Chesapeake Bay, more than 95 percent of the
landscape was forested. This vast forest was an
important regulator of the Bay’s environment —
a “living filter” which protected the land, fil-
tered pollutants and sediment from rainfall,
regulated stream and air temperatures, con-
trolled runoff, and provided living resource
habitat.

Lumber quickly became one of the first exports
from the colonies; the first ship returning to

England carried a cargo of oak and cedar. Soon,
the colonies became an important supplier of
ship masts and hardwood lumber. Land was
quickly cleared for farming, settlements, and

fuel.

The last 300 years have brought dramatic
changes to the Bay’s forests. The rate of land
clearing increased rapidly through the 1800s as
demand for wood, primarily as fuel for industry,
grew. By the early 1900s, only about 30 to 40
percent of the watershed was still covered by
forest. After the early part of the century how-
ever, forests gradually reclaimed some land,
particularly as previously harvested areas re-
grew and farmland was allowed to return to for-
est. By the late 1970s, forestland made up 60
percent of the Chesapeake Bay Watershed.
Since then, the amount has declined, largely be-
cause of development

Almost 15 million people live in the Bay’'s wa-

tershed. Urban growth results in the loss of al-
most 100 acres of forest daily, making the
management and protection of the remaining
forestland base critical to the overall health and
resiliency of the Bay ecosystem. As a result,
today’s forests are not evenly distributed in the
watershed. Much of the remaining contiguous



forestland is far inland, covering the mountains
of Pennsylvania, Maryland, and Virginia. By
contrast, most of the forests have vanished in
agricultural areas and rapidly developing urban
centers nearest the Bay. Deforestation in some
of these counties approaches 80 percent.

For the Chesapeake Bay, that change has major
ramifications. Acre for acre, forests contribute
less sediment and nutrient runoff pollution than
any other land use. Riparian forests have an
ability to filter water that is often comparable to
wetlands. The loss of forests is therefore corre-
lated with declining water quality in both the
Bay and the rivers and streams that supply it
with fresh-water. In recent years, studies have

Chesapeake Basin Forests

recognition has come after many streamside for-
ests were cleared for other uses. The Chesa-
peake Basin has more than 112,000 miles of
rivers, streams, and shorelines, but it has been
estimated that as much as 60 percent of the
streamside forests have been removed or se-
verely impaired. Although comprising only 5-
10 percent of the land in the watershed, riparian
areas have an extremely important role in
maintaining the health of the Bay in its entirety.

Defining the Chesapeake Bay's
Riparian Resources

Riparian areas are landscapes with high eco-
nomic and ecological values. In their natural
forested state, they provide crucial
fish and wildlife habitat and help
control stream stability, flow, and
water quality. In addition, ripar-

Percentage of Watershed Forested

ian areas are used for recreation
and/or timber production. Shore-
lines are highly valued building
sites. Many acres of riparian ar-
eas have been converted to other
land uses, especially fertile flood
plain soils that have been con-
verted to crops. Cultivated agri-
culture, pasture, grass filter strips,
lawns, or residential, commercial,
and industrial development and
infrastructure are common land
uses. Recognizing these multiple
values and uses is essential in de-

1650

1700 1750 1800 1850 1900

1950

veloping effective management

2000 . .
and restoration strategies.

Figure 1 - 1. Percentage of Chesapeake Bay Watershed forested from )
the years 1650 to 2000. (Source: USDA Forest Service, Chesapeakenderstanding any concept re-

Bay Program)

suggested that streamside forests can serve as
highly effective filters that control both surface
runoff and, in many landscapes, groundwater
flow in streams. In addition, they provide
shade, temperature control, and food required by
many aquatic species.

Streamside forests, as a result, are being viewed
as a way to partially mitigate the loss of forest
over much of the remaining landscape. This
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quires knowledge of the terminol-

ogy used to describe it. The

definitions of a riparian area
sometimes vary depending on the perspectives
of managers and scientists. The woripar-
ian” is derived from the Latin word for bank or
shore and simply refers to land adjacent to a
body of water. Plant ecologists define riparian
areas based on soil moisture conditions and
unique plant communities associated with wet
and mesic soils. Others may define riparian ar-



eas in terms of soil characteristics, hydrology, or
landscape features. Law or policy often defines
a riparian area in terms of its uses. Conse-
quently, riparian areas do not stop at an arbi-
trary, uniform distance away from a stream or
watercourse; they vary in width, shape, and
character.

Ecosystem perspectives of riparian areas incor-
porate concepts of geomorphology, terrestrial
plant succession, and aquatic ecology. Here,
riparian areas are defined as three-dimensional
zones of influence between terrestrial and
aquatic ecosystems. The boundaries of the ri-
parian area extend out from the streambed or
tidal shoreline and upward into the canopy of
streamside vegetation. Likewise, the function-
ing riparian zone may be considered to extend
into the soil to the water table, and thus incorpo-
rate underlying hydrogeologic conditions.

With the exception of tidal marshes and emer-
gent wetlands, nearly all riparian ecosystems of
the Chesapeake Bay Watershed in their natural
state were dominated by forest plant communi-
ties. Relative to other land types, forested ri-
parian areas are characterized by a combination
of high species diversity, high species density,
and high bio-productivity. Natural and human-
caused factors have greatly altered riparian
character and condition over time. Landscape
differences, such as physiographic region, also
result in variation in form and function of ripar-
ian systems.

The Riparian Area

The USDA Forest Service definesriparian
areaas:

“the aquatic ecosystem and the portions of
the adjacent terrestrial ecosystem that di-
rectly affect or are affected by the aquatic
environment. This includes streams, riv-
ers, lakes, and bays and their adjacent side
channels, flood plain, and wetlands. In
specific cases, the riparian area may also
include a portion of the hillslope that di-
rectly serves as streamside habitats for
wildlife.”
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Lowrance, Leonard, and Sheridan define the
riparian ecosystenas:

“a complex assemblage of plants and other
organisms in an environment adjacent to
water. Without definitive boundaries, it

may include streambanks, flood plain, and
wetlands, . . . forming a transitional zone
between upland and aquatic habitat.
Mainly linear in shape and extent, they are
characterized by laterally flowing water

that rises and falls at least once within a
growing season.”

The Coastal Zone Management Handbook de-
finesriparian areasas:

“vegetated ecosystems along a waterbody
through which energy, materials, and wa-
ter pass. Riparian areas characteristically
have a high water table and are subject to
periodic flooding and influence from the
adjacent waterbody. These systems en-
compass wetlands, uplands, or some com-
bination of these two land forms. They will
not in all cases have all the characteristics
necessary for them to be classified as wet-
lands.”

American Fisheries Society definggarian
areasas:

“the lands adjacent to streams, rivers, or
other bodies of water where vegetation is
strongly influenced by the presence of wa-
ter.”

These and other definitions identify aspects of a
riparian area held in common. They:

» are adjacent to a body of water,
e are linear in nature.
* lack clearly defined or linear boundaries,

* provide a transition between aquatic and up-
land environments, and

In the Chesapeake Bay Watershed, forests are
the natural vegetation which comprises the ri-
parian area of most streamsides and shorelines.



Filter Strips and Buffers

When adjoining land uses are significantly dif-
ferent, or where potential for conflict is serious,
it is common practice to create a buffer between
them. Thus we hav&ouffers” between high-
ways and houses, industrial and residential ar-
eas, and around recreation sites and airports.
Generally, as the density or magnitude of the
activity or the potential for impact increases, the
width of the buffer necessary to contain the
negative effects increases proportionally. In
terms of a riparian area, the differences between
developed or disturbed lands and the stream or
aquatic environment are significant. The more
intensely disturbed or developed, the more the
difference. Likewise, the size or importance of
the buffer increases as the potential impact cre-
ated by increased yields of nutrients, chemicals,
and sediment from adjacent land use increases.
Riparian buffers have been described as “one of
the most effective tools for coping with non-
point source pollution.”

“Filter strips” are vegetated sections of land
designed to accept runoff for pollutant removal.
Grass filter strips have commonly been used to
help control pollutants in run-off. They are not
designed for high velocity flows, but rather low
volume dispersed flows and groundwater. Filter
strips differ from “natural buffers” in that
strips are not "natural;" they are designed and
managed specifically for the purpose of pollut-
ant removal. “Enhanced natural buffers” are
natural buffers whose removal capacity has been
improved through land grading, water spreaders,
planting of additional vegetation, increased
width, or other measures.

Riparian buffer strips should be designed to ful-
fill one or more of the following basic roles:

» protect fish and wildlife by supplying food,
cover, and thermal protection.

» help prevent upland sources of pollution
from reaching surface waters by trapping,
filtering and converting sediments, nutrients,
and chemicals.

* maintain the hydrologic, hydraulic, and eco-
logical integrity of the stream channel and
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associated soil and vegetation (i.e. main-
taining streambank stability and channel ca-

pacity).

Riparian (Streamside) Forests

Naturally forested riparian areas have also been
called “streamside forests,” “river woods,” and
“wet woods” to name a few. When thinking of
these areas as part of a landscape, people also
routinely define them by their desired use or
perceived value to people rather than by their
ecological significance. Natural riparian forests
are often enhanced or protected to serve the role
of a buffer.

The Riparian Forest Buffer

Buffers or filter strips may utilize a variety of
vegetation types. Forested riparian buffers (or
streamside forests) are riparian buffers with a
functional forest ecosystem. Forest buffers are
recognized as the most beneficial of any type of
buffer because of the multiple environmental
benefits they provide. The use of forested zones
near streams has long been recognized as an
important strategy for improving water quality
while simultaneously protecting or restoring the
stream ecosystem. Forested riparian buffers
should be clearly distinguished from vegetative
or grassed filter strips commonly recommended
as a best management practice (BMP) because
of their ability to accomplish both water quality
and ecological roles.

The Executive Council of the Chesapeake Bay
Program has defined Riparian Forest Buffer
as:

“an area of trees, usually accompanied by
shrubs and other vegetation, that is adjacent
to a body of water and which is managed to
maintain the integrity of stream channels and
shorelines, to reduce the impact of upland
sources of pollution by trapping, filtering

and converting sediments, nutrients, and
other chemicals, and to supply food, cover,
and thermal protection to fish and other
wildlife.”



Riparian forest buffers may vary in size, shape,
mix of vegetation, and management objectives;
however, they maintain trees over the long term
as the dominant part of their plant communities.

Describing Riparian Forest

Buffers in Different Landscapes

To increase general understanding, it is some-
times useful to characterize riparian forest buff-

ers by their use in each of the unique land use
settings in which the practice is applied.

There are four land uses on which riparian for-
est buffers can be described:

» Forested Landscape

» Agricultural Landscape

» Suburban/Developing Landscape

* Urban Landscape

FORESTED LANDSCAPE

Streamside Management Zone (SMZpn area
of forest, varying in width, where timber man-
agement practices that might affect water
guality or aquatic resources are modified.

This is the riparian portion of forested lands.

Where the landscape is managed for wood
products, the riparian forest buffer is referred to

as a “streamside management zone (SMZ)” or
“streamside management area.” In a forest
landscape, management objectives for the for-
ested areas closest to the water are oriented

Scenic and Aesthetic Amenities
Nature Trails

away from timber production and toward water
quality protection and habitat concerns. Forest
composition in the SMZ commonly represents a
more natural diversity, rather than favoring only
commercial species. SMZ widths are usually
fixed, but may vary from 25 feet to more than

300 feet, primarily controlled by slope or bio-

logical considerations.

AGRICULTURAL LANDSCAPE

Agricultural Riparian Forest Buffer (REB) -

an area of trees and other vegetation separat-
ing cropland or pasture from a stream, another
body of water, or a groundwater recharge
area. RFBs are designed and managed to pro-
vide shade, restore stream habitat, and to trap
and remove nutrients, sediments, pesticides,
and other chemicals from surface runoff and
subsurface/groundwater flows. These areas
are retained, enhanced, or planted.

Forests that have remained a part of agricultural
areas may be managed as woodlots, recreational
open space, or wildlife habitat. Many are lim-
ited to fragmented patches confined to wet soils
or steep slopes and hilltops too difficult to culti-
vate. Riparian forests have usually been cleared
on farms managed for livestock. These areas
represent the classic definition of riparian forest
buffer as a water quality and habitat enhance-
ment BMP. Because of potentially high levels
of sediments, nutrients, and other chemicals
leaving the crop fields or pastures in surface or
groundwater, RFBs are designed to serve as a

Buffer Strip
Floodplain Management

Agricultural Riparian Forest Buffer



zone to buffer water quality impacts of this land
use from a stream, river, or bay. In addition,

streams have often been highly altered in these
areas, and the forest buffer supports the restora-
tion of aquatic habitat. Remaining riparian for-
ests are often very narrow bands (10 to 25 feet)
of intermittent trees along the bank of a river or
stream. Groundwater may be drained by tile
systems.

Agricultural applications of forest buffers
sometimes require the conversion of active
cropland, but most often are a combination of
pasture, grass filter strip, and/or cultivated field.
Establishing riparian forest buffers may involve
the task of conversion of grass or crop fields to
forest where no forest has existed for 50 to 250
years. In other cases, the RFB may be just an
expansion of a narrow existing forest strip.

SUBURBAN/DEVELOPING LANDSCAPE

Suburban Riparian Forest Buffer corridors of
forest bordered by parks, ballfields, roadways,
lawns, and residential/commercial structures.
They are also landscapes that are retained and
managed to provide the natural functions and
values of sediment filtering, enhanced infil-
tration, nutrient uptake and processing, tem-
perature moderation, noise control, screening,
aesthetics, and wildlife habitat.

When describing forests, whether riparian or in

general, the suburban or developing landscape is
one of change. The challenge is retaining ex-
isting riparian forests and planning for sustain-
ing them over the long term. As forests are
cleared for development and runoff, tempera-
ture, edge effect, exotic plants, and pests all in-
crease. The focus is to retain functional riparian
forest corridors. The potential benefits of re-
taining these riparian forests are equally high for
future water quality and aquatic and human re-
sources. Increased nutrients from road runoff
and lawn fertilizers are effectively treated by the
riparian forest buffer if stormwater designs al-
low adequate watershed infiltration. RFBs can
be integrated with stormwater management
strategies (See Section XlI). Riparian forests in
these areas also contribute to higher property
values.

In developing areas, many communities already
have subdivision or zoning rules that impose
mandatory building setbacks from lot lines.

Some communities require a specific setback
from the shoreline (such as mean high tide) or
streambank. Maintaining buffers that provide

environmental benefits generally means pre-
serving or establishing a zone of woody vegeta-
tion where disturbance and building are limited.

To accomplish this, lot line setbacks may need
to be reduced or a subdivision may need to alter
lot sizes. Riparian buffers and stream corridors
can be effectively established during zoning or
in the planning of a subdivision. Riparian for-
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ests should be considered a high priority for re-
tention and restoration in a community's open
space plan. However, if too much recreation
occurs without proper management, then both
erosion reduction values and wildlife benefits
may be lost.

One key principle of modern land use planning
promotes concentrating intense development in
areas where supporting infrastructure already
exists. This principle focuses on “infill” devel-
opment and redevelopment. In many communi-
ties, these intensely developed areas may
include streambanks and shorelines or larger
bodies of water. These shorelines may already
have high land values and tax burdens, creating
a desire to maximize the economic return on
such properties. This can preclude giving such
land over to environmental uses, such as a
buffer, unless a financial incentive, like a tax
reduction, is provided.

URBAN LANDSCAPE

Urban Riparian Forest Buffer - corridors or
strips of forest, often narrow or highly irregu-
lar in extent or linear distance, which are pro-
tected, managed, and/or enhanced for
aesthetic, habitat, recreational, climatic, or
water quality benefits within a highly imper-
vious setting.

Riparian forest buffers have also found a place
in stormwater management in conjunction with
wet ponds, wetland detention, and stream ero-

sion control. Combined with stormwater plan-
ning, forests provide a net reduction in
stormwater and a significant cost savings in fu-
ture stormwater facility repair and replacement.

Forests in the urbanized landscape are highly
fragmented and often dysfunctional ecosystems.
Of all the various types of urban forests, in-
cluding trees in parks, along streets, and on pri-
vate lots, forests bordering streams and rivers
are probably the most valuable forests from a
water quality and habitat perspective. The
fragments of riparian forest that have been pro-
tected from development often represent the
largest contiguous forests within urban areas.
Refuges for songbirds, amphibians, and other
wildlife, they can be unique areas for appreci-
ating nature. From a human perspective, they
provide much needed recreational areas for ur-
ban residents through the accommodation of
streamside trails.

Interest and activity in reforestation and tree
planting have greatly increased over the past
decade. Most projects involve augmenting or
connecting fragmented riparian forest buffers.
The ability of riparian forest buffers in urban

areas to significantly improve surface water
quality is limited because of the volume and
velocity of stormwater runoff. However, merg-

ing aesthetic and habitat improvement objec-
tives with open space, vacant lot, and parkland
management has yielded many excellent exam-
ples of riparian forest restoration and natural
buffer creation.

Urban
Walkway

and Aesthetics
Amenities
Historic Preservation

Floodptain Controls
Butfer
Strip
Bikeway
Parks-Pltaygrounds

Urban Riparian Forest Buffer
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The Three-Zone Concept:

A Tool to Guide Forest Buffer
Planning

A three-zone system has been devel-
oped to help plan riparian forest buff-
ers. This three-zone concept is
intended to be flexible in order to
achieve both water quality and land-
owner objectives.

This is the near stream portion of the buffer,

stretching upland from the edge of the stream.
Its primary purpose is to stabilize the stream-
bank and provide habitat for aquatic organisms.
The roots of trees in Zone 1 hold together the
soil to resist the erosive force of flowing water.

This also keeps sediment, and any nutrients
bound to it, out of the stream.

Roots and fallen logs slow stream flow. This

not only provides additional protection against

erosion, but also creates pools that form unique
“microenvironments.” Pools support species of
macroinvertebrates different from those in rif-

fles only a few feet away. As a result, the pres-
ence of trees is directly related to greater
biodiversity in the stream ecosystem.

Roots and submerged tree limbs also provide
important habitats for macroinvertebrates, sup-
porting even greater densities of the insects than
can be found on the rocky stream bottom. This
fallen debris also traps leaves, twigs, fruit seeds,
and other material in the stream, allowing it to

decay and be used by stream-dwelling organ-
isms.

The leafy canopy of the trees provides shade
that helps to control water temperature. Maxi-

mum summer temperatures in a deforested
stream may be 10-20 degrees warmer than in a
forested stream. That is significant as tempera-
ture changes of only 4-10 degrees usually alter
the life-history characteristics of macroinverte-

1-8

brates that form an important part of the food
web.

In addition, shaded streams support algae com-
munities dominated by diatoms — a type of al-
gae favored by many species — throughout the
year, while areas getting more direct sunlight
are dominated by filamentous algae. This
change, at the very bottom of the food web, is
critically important. While crayfish and a few
insect species will consume filamentous algae,
most macroinvertebrate species cannot because
they have evolved as specialists for scraping
diatoms from the bottom.

While Zone 1 will improve habitat along all
streams, its greatest impact will be along smaller
streams where the canopy completely covers the
water surface, providing maximum control over
light and temperature conditions. Trees in Zone
1 will aid in filtering surface runoff and, in some
landscapes, can help remove nutrients carried in
the groundwater.

Located immediately upslope from Zone 1, the
primary function of Zone 2 is to remove, trans-
form, or store nutrients, sediments and other
pollutants flowing over the surface and through
the groundwater. Widths of Zone 2 can vary.

In areas where shallow groundwater flows
through the root zones of trees, large amounts of
nitrate can be removed before the water enters a
stream. This results primarily from plant uptake
and denitrification in the soils. Nitrate removal
in these areas can be high — on the order of 90
percent. In areas where the groundwater flows
deeper, much of this benefit will be lost as most
of the water bypasses the root zone and enters
the stream directly through the sediment.

Regardless of whether shallow groundwater
flows through the root zones, all Zone 2 forest
buffers will remove surface-borne pollutants.
Debris from the trees slows and traps sediments
in the runoff, giving the nutrients they carry
time to infiltrate into the ground where they may
be stored or removed through natural processes.
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Studies have found that Zone 2 can remove 50-
80 percent of the sediment in runoff from up-
land fields.

Whether they are pulled from shallow ground-
water or infiltrate into the soils from surface
runoff, nutrients are removed in Zone 2 through
a variety of mechanisms. The most obvious
process is plant uptake, as all plants must absorb
nutrients to grow. In addition, forests provide
large amounts of decaying organic material nec-
essary to fuel the microbial processes in Zone 2
soils that remove nutrients. There are three
main ways those processes work:

Q Microbes in the soil can take up nutrients
and store them until they die, at which time
the nutrients are released in a mineralized
form that is less biologically available to
other organisms and more readily stored in
the soil. If managed to foster accumulation
of this material, Zone 2 may support sig-
nificant long-term nutrient storage.

Q Denitrification takes place under the
proper conditions when certain denitrifying
bacteria convert nitrate to nitrogen gases.
Denitrification is carried out by anaerobic
microbes, organisms which survive in wa-
ter or soils — usually wetlands — without
oxygen. The large amount of decaying or-
ganic material on the ground in forested
buffers depletes oxygen in the soils, and
there is usually enough moisture in riparian
areas to support the microbes needed for
denitrification. Even drier forest soils
commonly have small pockets which sup-
port these bacteria. Denitrification rates
will vary depending on site conditions.

Q Microbes use organic compounds as food
and, through various reactions, change
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them so they are degraded to simpler com-
pounds or synthesized into microbial bio-
mass. Riparian forests appear to support a
variety of microbial degradation mecha-
nisms, though the management strategies
that would promote them are not under-
stood at this point.

Located immediately upslope of Zone 2, Zone 3
contains grass filter strips or other control
measures which help slow runoff, filter sedi-
ment and its associated chemicals, and allow
water to infiltrate into the ground. Grass filter
strips help to protect the wooded areas and set
the stage so the forest buffer can perform at its
maximum potential. Effective sediment trap-
ping in Zone 2 requires that runoff entering that
portion of the buffer be in the form of sheet
flow. Zone 3, therefore, acts to spread out the
flow and prevent runoff from adjacent land uses
from eroding channels into the buffer.

Several studies show that grass filter strips are
highly effective at reducing sediment runoff,
with removal rates of 50 percent or more. Also,
the filter strips are highly effective at removing
sediment-bound nutrients such as phosphorus,
but less effective at removing dissolved nutri-
ents. Over time, the removal efficiency de-
creases as grass is smothered by deposited
sediment. Generally, the narrower the filter
strip, the shorter its effective life. As a result,
grass filter strips require periodic maintenance
which includes the removal of sediment, rees-
tablishment of vegetation, and removal of chan-
nels. In urban areas, infiltration trenches and
stormwater control measures may be common in
Zone 3.



Additional Definitions

Aquiclude

Impermeable layer, such as a clay bed,
that confines an aquifer.

Anadromous species

Organisms that spend part of their life cy-
cle in freshwater and part in saltwater and
ascend rivers and streams to breed.

Bankfull depth

The mean water depth that occurs during
a bankfull stream flow event.

Bankfull width

The mean water width that occurs during
a bankfull stream flow event.

Baseflow

Portions of stream discharge derived from
natural sources, such as groundwater and
large lakes and swamps situated outside
the area of net rainfall that created local
surface runoff; the sustained discharge
that does not result from direct runoff or
from stream regulations, water diversion,
or other human activities.

Benthos

Organisms that inhabit the bottom sub-
strate of lakes, ponds, and streams. These
organisms are divided into two groups:
macrobenthos and microbenthos. The
adjective is benthic.

Best management practices

Methods, measures or practices to prevent
or reduce water pollution, including but
not limited to, structural and nonstructural
controls, operation and maintenance pro-
cedures, other requirements and schedul-
ing and distribution of activities.

Bioengineering

An applied science that combines struc-
tural, biological, and ecological concepts
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to construct living structures for erosion,
sediment, and flood control.

Buffer

An area maintained in permanent vegeta-
tion and managed to reduce the impacts
of adjacent land use.

Channel stability

The sensitivity of a channel area to dis-
ruptions in its physical structure. Under
undisturbed conditions, natural channels
demonstrate wide variability in with-
standing physical disruptions without ex-
periencing changes in their ability to pass
streamflow, process sediment, or provide
habitat. Stable channels are capable of
withstanding an appreciable amount of
disruption with little effect on function.

Channelization

The practice of straightening a waterway
to remove meanders and increase flow.
Sometimes concrete is used to line the
sides and bottom of the channel.

Community

An aggregation of living organisms hav-
ing mutual relationships among them-
selves and to their environment.

Dendritic
Branched pattern; similar to that of a tree.
Ecosystem

The system formed by the interaction of a
community of organisms with their envi-
ronment.

Ecosystem management

The careful and skillful use of ecological,
economic, social, and managerial princi-
ples in managing ecosystems to produce,
restore, or sustain ecosystem integrity and
desired uses, products, and services over
the long-term.



Environment
All the biotic and abiotic factors of a site.
Ephemeral stream

A stream or portion of a stream that flows
only in direct response to precipitation. It
receives little or no water from springs

and no long-continued supply from melt-
ing snow or other sources. Its channel is
at all times above the water table. The
term may be arbitrarily restricted to

streams which do not flow continuously

during periods of one month.

Erosion

The removal of rock debris and soil by
wind, moving water, or gravity.

Exotic invasive species

An organism that is out of its naturally
occurring range and environment, and oc-
cupying the habitat of native species.

Filter strip

A linear strip of land maintained to slow
the velocity of runoff and filter sediment.

Flood plain

That portion of a stream valley adjacent
to the channel that is built by sediments
of the stream and covered with water
when the stream overflows its banks at
flood stage. Also, the nearly level land
situated on either side of a channel that is
subject to overflow flooding.

Forest

A descriptive classification of land type
predominated by trees and woody vegeta-
tion and characterized by high structural
diversity, greater than 25 percent canopy
shading, and by the significant accumula-
tion of organic duff on the soil surface.

Forest buffer conservation

Retaining and managing existing riparian
forests so that they continue to provide
the benefits of a forest buffer.
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Forest buffer restoration

The re-establishment of a sustainable
community of native trees, shrubs, and
other vegetation capable of providing
multiple buffer functions adjacent to a
body of water where forest cover was
converted to other uses.

Forest buffer width

A fixed or variable distance measured
from the edge of the streambank or
shoreline within which the vegetation and

land is retained and managed for the pur-
pose of sustaining specific or multiple

buffer functions.

Fluvial

Geomorphic processes associated with
running water; of, or pertaining to rivers.

Geomorphology

The geologic study of the evolution and
configuration of land forms.

Habitat

A place where the physical and biological
elements of ecosystems provide a suitable
environment and the food, cover, and
space resources needed for plant and
animal livelihood.

Headwaters

The uppermost reaches of a stream or
river.

Hydrologic function

The capacity of a stream to move or to
store water, bedload material, and sus-
pendedsediment. Stream gradient, the
resultant stream power and size of mate-
rial are critical factors.

Hydrology

The study of the properties, distribution,
and effects of water on the earth's surface,
soil, and atmosphere.



Infiltration
Movement of surface water into the soil.
Intermittent stream

A defined channel in which surface water
is absent during a portion of the year.

Large woody debris

A term used to describe logs, tree boles,
rootwads, and limbs that are in, on, or
near a stream channel.

Level spreader

A device used to spread out stormwater
runoff uniformly over the ground surface
as sheet flow. The purpose of level
spreaders is to prevent concentrated, ero-
sive flows from occurring and to enhance
infiltration.

Limnology

Study of aquatic ecology.
Meander

A circuitous winding or bend in the river.
Native species

A naturally occurring organism that is
within its range and normal environment.

Nonpoint source pollution

Pollution that originates from many dif-
fuse sources, such as runoff from roads,
fields, or other surfaces.

Nutrient cycling

The path of an element through the eco-
system, including its assimilation by or-
ganisms and its release in a reusable
inorganic form.

Perennial streams

A defined channel containing surface
water throughout an average rainfall year.

Physiographic province

An area of land, less extensive than a re-
gion, having a characteristic plant and
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animal population, landforms, climate,
and other processes.

Point source

Originating from a discrete identifiable
source or conveyance.

Pool

Deeper areas of a stream with slow-
moving water, often used by larger fish
for cover.

Riffle

Shallow section of a stream or river with
rapid current and a surface broken by
gravel, rubble, or boulders.

Riparian

Pertaining to anything connected with or
immediately adjacent to the banks of a
stream or other body of water.

Riparian area

The area of land adjacent to streams, riv-
ers, and other bodies of water that serves
as a transition between aquatic and ter-
restrial environments and directly affects
or is affected by that body of water.

Riparian forest buffer

An area of trees, usually accompanied by
shrubs and other vegetation, adjacent to a
body of water and managed to maintain
the integrity of stream channels and
shorelines to 1) reduce the impact of up-
land sources of pollution by trapping, fil-
tering, and converting sediments,
nutrients, and other chemicals, and 2)
supply food, cover, and thermal protec-
tion to fish and other wildlife.

Riprap

Stones of varying size used to dissipate
energy or stabilize a soil surface.

Scour

Local removal of material from a stream-
bed by flowing water.



Sediment affect water quality or aquatic resources

Fragmented material that originated from are modified.
weathering rocks and decomposing or-  Streambank

ganic material that is transported by, sus-
pended in, and eventually deposited in the
streambed.

The portion of the channel cross-section
that restricts lateral movement of water at

normal water levels.

Shannon Diversity Index Swale

A system of analysis that relates the num-
ber of kinds of benthos to the total num-
ber of organisms and, in some cases, that
number of individuals of each kind. The

A natural depression or wide shallow
ditch used to temporarily store, route, or
filter runoff.

index is an indicator of water quality: Unconstrained channel stream
low diversity often indicates water of low Not confined to an entrenched or well de-
quality. fined channel.

Sheetflow

Vegetated filter strip
A flow process associated with water
movement on sloping ground surfaces
that is not channelized or concentrated.

An area maintained in permanent vegeta-
tion, such as grass, shrubs, or trees and
designed to capture and filter runoff and
Stream sediment from surrounding land uses.

A perennial or intermittent watercourse Watershed
having a defined channel (excluding man- 1) An area of land that drains into a particu-
made ditches) which contains flow from lar river or body of water; usually divided
surface and groundwater sources during bv t h

. y topograpny.
at least 50 percent of an average rainfall
year. 2) The total area of land above a given point
on a waterway that contributes surface
runoff water to the flow at that point; a
An approach to management that encour- drainage basin or a major subdivision of a
ages the protection of a stream and a con- drainage basin.
tinuous vegetated buffer zone from a
stream’s headwaters to its mouth and in-  Watershed-based planning
tegrates riparian buffers with other
needed stream protection and restoration
actions.

Stream corridor conservation

An approach to resource, land use, and
development planning that utilizes natural
watersheds instead of geopolitical
Stream order boundaries in order to sustain natural
stream functions while accommodating a

A numerical system (ranking from head- reasonable level of land development.

waters to river terminus) used to desig-
nate the relative position of a stream or ~ Wetland

stream segment in a drainage basin. An area of land that has a predominance

Streamside management zone (SMZ) of hydrlc soils and is inundated or satu-
rated with water at a frequency and dura-
tion sufficient to support a prevalence of
vegetation typically adapted to saturated
soil conditions. Usually found in depres-

A forested area along a stream or other
body of water, varying in width, where
timber management practices that might
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sions, adjacent to bodies of water, or
along flood plains or coastal waters.

Zoning

The practice of dividing land into regions
or parcels pertaining to its use or activi-
ties within it.
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Section Il

Physiographic and Hydro-Physiographic Provinces

Introduction

This section contains the biophysical descrip-
tions of the physiographic provinces as depicted
from the USDA Forest Service national eco-
mapping project. The basis for the section is the
document “Ecological Subregions of the United
States: Section Descriptions.” The section in-
troduces the physiographic provinces by

discussing similarities and differences in their
geologic (see Table 2-1), climatic, vegetative,
faunal, and resource attributes. Table 2-2 shows
how these physiographic provinces are oriented
in relation to the Chesapeake Bay.

The section further defines these regions in
terms of hydrology and the potential function of
riparian forest buffers.

Table2-1
Table of Ages
(modified from several recent sources)

Period Duration* Began** Ended**
Quaternary 2.5 2.5
Tertiary 63.5 66 2.5
Cretaceous 69 135 66
Jurassic 50 185 135
Triassic 40 225 185
Permian 45 270 225
Pennsylvanian 45 315 270
Mississippian 30 345 315
Devonian 60 405 345
Silurian 25 430 405
Ordovician 70 500 430
Cambrian 100 600 500
Ante-Cambrian 400 1,000 600
First evidences of life known 3,200
*Millions of years **Millions of years ago

Source: Cardwell, D.H. Geologic History of West Virginia.
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Table 2-2

Summary of the Biophysical Descriptions of the Physiographic Provinces

Physiographic Land Surface Form Lithology and Surface Water Land Use and
Provinces Geomorphology Elevation Stratigraphy Soil Taxa Climate Characteristics Vegetation Disturbance
. Dissected plateau, glacial Pleistocene tilland  Fragiaquepts, Prcp: 30-50 in. Perennial streams,  Northern hard-  Agricultural and
Northern Glaciated | features, mast wasting,  stratified drift; Devo-  Fragiochrepts, ~ Temp: 46-50° F small lakes; high woods and forestry; insect &
Allegheny Plateau | fiyyial erosion, transport  nian sandstone, Dystrochrepts;  G.s.: 100-160 d gradient, bedrock Appalachian oak disease, droughts
& deposition, karst solu-  siltstone, and shale utic, aquic; mesic controlled; some forests; hard-
tion; 650 to 1,970 feet marsh/swamps; wood/pine
dendritic pattern
) Parallel, folded, faulted Residuum, colluvium Utisols, Alfisols, Prcp: 30-45 in. Streams regulated by Appalachian oak, Farming, graz-
Northern Ridge and| yajieys & ridges; mast & alluvium; Ordovi-  Inceptisols; Temp: 39-57° F seasons; trellis pat-  oak-hickory- ing, timber,
Valley wasting , karst solution,  cian & Silurian in PA  Ochrepts & G.s.: 120-180d tern, dendritic in pine; some recreation;
fluvial erosion, transport  section; shale, silt- Udults; mesic; Blue Ridge; wetlands northern hard- insects
& deposition; trellis & stone, chert, utic scarce woods
some dendritic; 300 to limestone, coal
4,000 feet
Dissected peneplain, broadResiduum, colluvium Udults, Udalfs, Prcp: 39-47 in. Dendritic drainage;  Appalachian Farming, urban,
Northern structural basin, hilly & & alluvium; shale, Ochrepts; Dys-  Temp: 40-55°F  natural lakes rare; ~ oaks, sugar ma- industrial, for-
Appalachian rolling; dendritic drainage; sandstone, conglom- trochrepts & G.s.: 160-250 d few bogs, swamps;  ple-mixed estry; insects
Piedmont fluvial erosion, transport  erates, basalt, diabaseFluvaquents on salt marshes close to hardwoods,
& deposition; sea level-  sills, mixed meta- flood plains; Bay area; tidal hemlock-mixed
1,000 ft. morphics mesic; udic effects hardwoods; red
maple in wet
bottoms
Dissected & irregular Metamorphic com- Udults, mixtures Prcp: 45-55 in. Numerous lakes, Oak-hickory, Agriculture,
Southern plains; differential erosion, plexes, volcanics, of moist soils; Temp: 58-60° F marshes & swamps; oak-hickory- development;
Appalachian mass-wasting, fluvial ero- marine deposits thermic G.s.: 205-235 d streams sluggish; pine; loblolly droughts, rare
Piedmont sion, transport & perennial streams andpine hurricanes,
deposition; 330-1,300 feet rivers; low flow rates insects
) ) Sloping, flat plains; Marine deposits Udults, Prcp: 46 in. Streams & rivers Gum, cypress Agriculture,
Middle Atlantic weakly dissected alluvial hydraquentsin ~ Temp: 55-57 °F  sluggish; marshes,  swamps; oak- development;
Coastal Plain fan; fluvial deposition sea tidal marshes; G.s. 185-220d swamps, lakes; hickory-pine rare hurricanes

level - 80 feet

mesic; utic

small-medium peren-
nial streams; high
water tables; poorly
defined drainage




Section Il

Chesapeake Bay

Physiographic Provinces
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Figure 2 - 1. Chesapeake Bay Physiographic Provinces. (Source: USDA Forest Service, 1997)
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Northern Glaciated Allegheny
Plateau

e Land-Surface Form and Geomorphology-
Most of this area consists of a dissected pla-
teau of moderate relief, but rolling hills occur
in many places. Its northern boundary is the
Erie and Ontario Lake Plain, and its southern
is the Ridge and Valley Province. Lakes,
poorly-drained depressions, morainic hills,
drumlins, kettles, eskers, outwash plains,
scour, and other glacial features are typical of
the area, which was entirely covered by gla-
ciers during parts of the Pleistocene. Mass-
wasting, karst solution, fluvial erosion, and
transport and deposition are the primary oper-
ating geomorphic processes. Elevations range
from 650 to 1,970 feet.

 Lithology and Stratigraphy - Most of the
area is covered by a thin, stony Pleistocene
till and stratified drift. On top of the plateau,
beneath the drift, bedrock is mostly Devonian
sandstone, siltstone, and shale. Silurian con-
glomerate holds up a prominent escarpment in
the southeast corner of the province. In the
central region, bedrock had been broadly
folded into a series of gentle, sub-parallel,
east-west trending anticlines and synclines.

e Soil Taxa - Soils are mainlyFragiaquepts,
Fragiochrepts, and Dystrochrepts with utic
and aquic moisture regimes, and mesic tem-
peratures dominate. Soils are derived from
glacial materials left by the Wisconsin Gla-
cier when it retreated about 12,000 to 15,000
years ago. Alluvial and organic materials are
of recent origin and are still being deposited.

» Climate - Winters are moderately long and
severe, but more than 120 days have tem-
peratures above 50° F. Snow usually stays on
the ground all winter; snowfall averages from
60 to 80 inches. The growing season is con-
sidered short, lasting 100 to 160 days, and the
frost-free season lasts from 100 to 140 days.
Average annual rainfall is moderate, ranging
from 30 to 50 inches.
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» Surface Water Characteristics -Perennial

streams and small lakes provide an abundance
of water. The area is characterized by deeply
incised high gradient and bedrock-controlled
streams in the uplands, and low and moderate
gradient, mature streams in the valleys.
Swamps and marshes occupy poorly-drained
uplands and valleys. The drainage pattern is
dendritic. Numerous waterfalls and rapids
exist where streams cross beds of resistant
rock. Runoff values are lowest in the center
of the Allegheny Plateau and increase both
east and west. Highest runoff occurs in the
spring; lowest runoff occurs in the summer
and fall. Major rivers include the Susque-
hanna, Chenango, and Chemung.

Vegetation - This province lies between the
boreal forest and the broadleaf deciduous for-
est zones, so it is transitional. Part of it
consists of mixed stands of a few coniferous
species, mainly pine, and a few deciduous
species such as yellow birch, sugar maple,
and American beech. The rest of the area is a
macromosiac of pure deciduous forests in fa-
vorable habitats with good soils and pure
coniferous forests in less favorable habitats
with poor soils. Mixed stands may have sev-
eral species of conifer and eastern hemlock.
Eastern white cedar is found in the southeast
part of the province. Kichler vegetation
types include northern hardwoods and Appa-
lachian oak forests. Regionally defined
important vegetation types include Appala-
chian oak-hickory forests, Appalachian oak-
pine forests, beech-maple mesic forests, and
hemlock-northern hardwood forests.

Fauna - White-tailed deer is the most com-
mon large mammal.  Smaller mammals
include beaver, red and gray fox, raccoon,
skunk, gray squirrel, coyotes, mink, and
muskrat. The most common game birds are
wild turkey, ruffed grouse, woodcock, and
other waterfowl. Other birds include raptors,
cavity nesters, and songbirds. Historically
this area was habitat for peregrine falcon. No
federally listed threatened or endangered spe-
cies are unique to the area.



 Disturbance Regimes- Fire was historically

important to maintain the oak-dominated

communities in the central part of the plateau
and the western and southern slopes of the re-
gion. Insect and disease disturbances that
dominate the area include chestnut blight,

beech bark disease, sugar maple borer, and
ongoing ash dieback. Occasional droughts
have occurred in the central part of the region.

Land Use - Most of the area is agricultural
land; second and third growth forests occupy
the ridgetops and steeper slopes. The main
form of recreation is hunting, although
camping, fishing, and hiking are also popular.

Northern Ridge And Valley

e Land-Surface Form and Geomorphology-
This province is characterized by a series of
parallel, southwest to northeast trending, nar-
row valleys and mountain ranges created by
differential erosion of tightly folded, intensely
faulted bedrock. The eastern boundary is the
Great Valley low land; the western boundary
is the steep, high ridge Allegheny Front.
Drainage is structurally controlled, domi-
nantly trellis with some dendritic patterns.
Mass-wasting, karst solution, and fluvial ero-
sion, transport, and deposition are the
dominant geomorphic processes. A notable
but minor landform are lands that have been
strip-mined. Elevations range from 300 to
4,000 feet.

One of the major features of the Ridge and
Valley is the Great Valley and Blue Ridge
Mountains. The Great Valley is part of the
Ridge and Valley, whereas, the Blue Ridge
itself is a physiographic province. But it is
so similar to the Ridge and Valley that it has
been lumped in with it. Major differences in
the two provinces will be noted throughout
this section. The northern part of the Blue
Ridge (north of Roanoke Gap in Virginia) is
characterized by a single, broad ridge that
extends into southern Pennsylvania. Drain-
age is structurally controlled; it is dominantly

Section Il

trellis in the north and dendritic in the south.
Landforms on about 80 percent of the area
are low mountains, with elevations ranging
from 1,000 to 3,000 feet.

Lithology and Stratigraphy -
Unconsolidated materials overlie most bed-
rock; residuum on flats and gently sloping
uplands, colluvium on slopes, and alluvium in
valley bottoms. Shale, siltstone, sandstone,
chert, and carbonates form the bedrock. Or-
dovician and Silurian rock dominate the
northern Pennsylvanian extension of the
province. Some Devonian, Mississippian,
and Pennsylvanian rock (including coal) are
exposed in the larger synclines, and Cambrian
limestone is exposed in a few anticlines.

Soil Taxa- Soils are mostly Utisols, Alfisols,
and Inceptisols, with mesic temperature re-
gimes and mostly utic moisture regimes.
They are derived from heavily weathered
shale, siltstone, sandstone residuum and col-
luvium, cherty limestone, and limestone
residuum. The Blue Ridge soils are domi-
nated by Ochrepts and Udults. Soils are
generally moderately-deep and medium-
textured. Boulders and bedrock outcrops are
common.

Climate - The climate is temperate, with dis-
tinct summer and winter seasons, and all areas
are subject to frost. Mean annual temperature
is approximately 39 to 57° F. The average
length of the frost-free period is about 100
days in the northern mountains. Mean annual
precipitation is generally 30 to 45 inches in
the valleys and up to 80 inches on the highest
peaks. Precipitation is fairly well distributed
throughout the year. Snowfall is more than
24 inches in Pennsylvania, increasing south-
ward along the mountains to about 30 inches
in the Great Smoky Mountains. In the transi-
tion to the Allegheny Plateau, rainfall may
range as high as 60 inches. Approximately 20
percent of the precipitation falls as snow. At
elevations above 3,500 feet, 30 percent falls
as snow. The growing season ranges from
120 to 180 days, extending to 220 days on the



Blue Ridge. Southeast and south-facing

slopes are notably warmer and drier than the
northwest and north-facing slopes, because
they face the sun and are on the lee side of the
ridges. One result is that forest fires are more
frequent on the south-facing slopes.

Surface Water Characteristics -Streams are
most active in the spring. Many smaller
streams dry up in the summer and are not re-
charged until October and November. Stream
patterns are trellis-shaped, reflecting the
regular folding of the geomorphology.
Streams are generally more alkaline and pro-
ductive than in the Allegheny Mountains.
Wetlands are scarce. In the Blue Ridge
Mountains, there is a high density of small- to
medium-sized streams and associated rivers.
Some streams in mountainous areas in zones
of high rainfall are characterized by high flow
rates and velocities. A dendritic drainage
pattern has developed on deeply dissected
surfaces, with some control from the under-
lying bedrock. Isolated areas in some
locations are wet all year as a result of seeps.
Major rivers include the Susquehanna,
Juniata, Shenandoah, and Potomac.

Vegetation- Because much of the area lies in
the rainshadow of the Allegheny Mountains,
vegetation reflects drier conditions. Kuchler
types are mapped as Appalachian oak forests,
oak-hickory-pine forests, and some northern
hardwoods. Red and white oaks occur on
more productive, mesic sites. Eastern white
pine can occur with white oak on lower por-
tions of slopes. On the driest sites, oaks are
mixed with pitch, table mountain, or Virginia
pine. Other regionally important species in-
clude hickories, yellow-poplar, maples, and
associated upland hardwoods.

Fauna - White-tailed deer are dominant and
have an impact on understory flora. The
black bear is the sole representative of large
carnivores. Smaller mammals include squir-
rels, fox, weasels, and bats. The endangered
Indiana bat and Virginia big-eared bat are as-
sociated with karst areas. Bird species are
diverse and include both residents and neo-
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tropicals. Game birds include ruffed grouse
and wild turkey. The Blue Ridge supports the
largest diversity of salamanders in North
America. Most endemic species occur in the
central and southern sections of the Blue
Ridge where topographic relief is greater and
ridges isolated.

» Disturbance Regimes- Fire was used exten-
sively by Native Americans. Major historical
disturbance includes grazing from about 1780
onward and logging from 1880 to 1920.
Gypsy moth is affecting Virginia, Pennsylva-
nia, Maryland, and West Virginia.

» Land Use - Farming, grazing, and hay pro-
duction are common on river flood plains and
on limestone areas in the northern part of the
province. Timber production is important in
forested areas. The area also receives some
recreation pressure for fishing, hiking, hunt-
ing, and camping. Canoeing and climbing
occur in certain areas.

Northern Appalachian Piedmont

e Land-Surface Form and Geomorphology -
This province includes topography of a di-
verse nature. The northern limits that stretch
to southern Maine have been glaciated, and
west of the Ridge and Valley Province is the
Appalachian Plateau. The section discussed
here is the Piedmont Plateau and coastal
plain, where altitudes range from sea level to
about 1,000 feet. Most of the area is a
maturely dissected peneplain sloping gently
toward the Atlantic coast. It is hilly to rolling
terrain, with a few high ridges. The area is
crossed southwest to northeast by a broad
structural basin forming a lowland plain. An
extension of the plain forms northern New
Jersey, Long Island, and Connecticut. Drain-
age is dendritic; fluvial erosion, transport and
deposition, and mass-wasting are the primary
geomorphic processes operating.

 Lithology and Stratigraphy - Bedrock is
overlain by residuum on the ridges and hill
tops, colluvium on the slopes, and alluvial
materials in the valleys. The youngest bed-



rock in the area occupies the structural basin:
Triassic and Jurassic conglomerates; sand-
stones and shales; basalt flows and diabase
sills; and mixed metamorphics of marble,
slate, quartzite, schist, and gneiss of the Pro-
tozoic to Paleozoic age.

Soil Taxa - Soils include Udults, Udalfs, and
Ochrepts. These were derived by Triassic
sandstone, shale, and conglomerate. The
sedimentary rocks contain numerous dikes
and sills of diabase and basalt. Other local
areas are underlaid by limestone. The domi-
nant moisture regime is udic. The
temperature regime is mesic. Soils are domi-
nantly well-drained and range from
moderately-deep to deep. Dominant soils on
the flood plains are Dystrochrepts and Fluva-
quents.

Climate - The continental climate regime
here ensures a strong annual temperature cy-
cle, with cold winters and warm summers.
Precipitation averages between 39 to 47
inches. It falls mainly in the spring and early
summer. Snowfall ranges from 27 to 40
inches. Temperature ranges from 40 to 55° F.
The growing season lasts for 160 to 250 days.

Surface Water Characteristics- The area is
characterized by a mature, dendritic drainage
network. Natural lakes are rare to non-
existent, except in the northeastern extremity,
which was covered by glaciation. Small im-
poundments are common along upper reaches
of streams. A few bogs, swamps, and salt
marshes occur in areas adjacent to the Atlan-
tic Ocean and the Chesapeake Bay. The
lower extremities of some of the major
streams are affected by tides. There is ample
water for farm, urban, and industrial uses,
however, urban development is affecting wa-
ter yields. Good groundwater recharge areas
are being impacted by encroaching develop-
ment. Susquehanna is a major river.

Vegetation -The province is dominated by a
temperate deciduous forest. Prior to Euro-
pean settlement in the early™entury, the
native vegetation consisted mainly of oak and

2-7

Section Il

hickory. Currently, Appalachian oak forests
(Kuchler) and sugar maple-mixed hardwoods,
hemlock-mixed hardwoods, and oak-chestnut
(Braun) dominate. Red maple is dominant on
the wet bottomlands.

Fauna - Relatively fertile soils result in very
diverse habitats. Large areas of the original
forested wildlife habitat have been altered or
eliminated as a result of intensive agricultural
and residential development. Examples of
openland wildlife include birds, rabbits, red
fox, and woodchuck. Among the mammals
and birds that prefer forestlands are ruffed
grouse, woodcock, various thrushes, squirrels,
white-tailed deer, gray fox, and raccoon.
Ducks, herons, geese, shore birds, mink, and
muskrats are found in ponds, marshes, and
swamps. No federally listed threatened or
endangered species are unigue to this area.

Disturbance Regimes Historically, fire was

a significant natural disturbance. Gypsy moth
and chestnut blight have had effects on vege-
tation.

Land Use- Farms, woodlands, and industrial
and urban development are the current land
uses.

Southern Appalachian
Piedmont

Land-Surface Form and Geomorphology -
This province comprises the Piedmont where
50 to 80 percent of the area slopes gently.
The area consists of an intensely metamor-
phosed, moderately dissected plain. It
consists of thick saprolite, continental sedi-
ments, and accreted terracedDifferential
erosion has produced some isolated moun-
tains (monadnocks) that rise above the
general land surface. Landforms on about 70
percent of the area are irregular plains. Land-
forms on the remaining area are about equally
divided among plains with high hills, open
low hills, and tablelands of moderate relief.
A major feature of the outer boundary is the
Fall Line, which indicates the prevalence of
falls and rapids in the area (Fenneman).



Mass-wasting, fluvial erosion, and transport
and deposition are the dominant operating
geomorphic processes. Elevation ranges from
330 to 1,300 feet.

Lithology and Stratigraphy - Rock units
formed during the Precambrian, Paleozoic,
and Mesozoic Eras. Precambrian strata con-
sist of metamorphic complexes with
compositions of schist and phylite and mafic
paragneiss. Paleozoic strata consist of about
equal amounts of Cambrian eugosynclinal and
volcanic rocks. Mesozoic strata consist of
Triassic marine deposits of sandstone, silt-
stone, and shale.

Soil Taxa- Udults are the predominant soils.
Paleudults and Hapludults are on gently
sloping uplands. Steeper slopes are domi-
nated by Hapludults, Rhodudults,
Dystrochrepts, and Hapludalfs. Dystro-
chrepts, Udifluvents, and Fluvaquests are on
alluvium. Soils have a thermic temperature
regime, and kaolinitic, mixed, or oxidic min-
eralogy. Soils are generally deep, with a
clayey or loamy subsoil. In many areas, soils
are severely eroded as a result of past agri-
cultural practices.

Climate - The climate is usually uniform
throughout the region. Mild winters and hot,
humid summers are the rule. Average annual
temperature ranges from 58 to 64° F. Pre-
cipitation, which ranges from 45 to 55 inches,
is evenly distributed throughout the year.
Precipitation exceeds evapotranspiration, but
summer droughts occur. Growing season
lasts from 205 to 235 days.

Surface Water Characteristics- There is a
moderate density of small- to medium-size
perennial streams and associated rivers; most
have low to moderate rates of flow and mod-
erate velocity. Marshes, lakes, and swamps
are numerous. A dendritic drainage pattern
has developed on moderately dissected sur-
faces, with some influence from the
underlying bedrock. All streams are rela-
tively swift in crossing the denuded edge of
the older, steeper peneplain. Some have pro-
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nounced rapids and falls, also called the “Fall
Line.” Major rivers in the area include the

Potomac, Rappahannock, Appomattox, and
James.

» Vegetation - The climax vegetation of the
area consists of broad-leaved deciduous and
needle-leaf evergreen trees. At least 50 per-
cent of the stands are made up of loblolly,
shortleaf, and other southern pines. Common
associates include oak, hickory, sweetgum,
black gum, and red maple. Kichler mapped
vegetation as oak-hickory-pine forests and
oak-hickory forests. The oak-hickory forest
type consist of white, post, and southern red
oaks and pignut and mockernut hickories.
The loblolly-shortleaf combination is com-
mon on disturbed areas.

» Fauna - White-tailed deer, black bear, bob-
cat, gray fox, cottontail rabbit, and squirrels
are among the common mammals found in
this area. Wild turkey, bobwhite quail, and
mourning dove are the common game bird
species. Numerous songbirds and herpeto-
fauna are also found.

» Disturbance Regimes- Fire has been the
principle historic disturbance. Agriculture and
development are the current major distur-
bances. Climatic disturbances include
occasional summer drought, winter ice
storms, and infrequent tornadoes and hurri-
canes. Insect-related disturbances are caused
by the Southern pine beetle.

e Land Use - Natural vegetation has been
cleared for agriculture in most of the area.

Middle Atlantic Coastal Plain

» Land-Surface Form and Geomorphology -
The province comprises the flat and irregular
Atlantic Coastal Plain down to the sea. Well
over 50 percent of the area is gently sloping,
flat plains. Much of the other landforms are
irregular plains. Elevation ranges from 0O to
80 feet. The predominant land form is a flat,
weakly dissected alluvial plain formed by
deposition of continental sediments onto a



submerged, shallow continental shelf. Later,

it was exposed by sea level subsidence

Along the coast, fluvial deposition and shore

zone processes are active in developing and
maintaining beaches, swamps, and mud flats.
One prominent feature is the Fall Line, which

is the inner edge of the province.

Lithology and Stratigraphy - Rocks in this
province were formed during the Cenozoic
Era. Strata consist of Quarternary marine de-
posits (shales and sands). Small areas of
Tertiary marine deposits (silts and clays) are
exposed along some large rivers.

Soil Taxa - Soils consist of Udults.
Hapludults are common in areas with and
without loess. Quartzipsamments are on the
high ridges. Hydraquents are in the tidal
marshes of the Chesapeake Bay. These soils
are deep and have inadequate to excessive
moisture contents. Their temperature regime
is mesic and moisture regime utic. These
soils are deep, adequately drained, and have
adequate moisture supply for use by vegeta-
tion during the growing season.

Climate - The climate regime has a small to
moderate annual temperature range; average
annual temperature is 55 to 57° F. Rainfall is
usually abundant and evenly distributed
throughout the year; precipitation averages 46
inches. The growing season lasts 185 to 220
days.

Surface Water Characteristics - The area
has a moderate density of small- to medium-
sized perennial streams. There is also a low
density of associated rivers, most with a mod-
erate volume of water, flowing at very low
velocity. Water table is high in many areas,
resulting in poor natural drainage and abun-
dance of wetlands. A poorly defined drainage
pattern has developed on this relatively young
plain. There are numerous palustrine systems
having seasonally high water levels, espe-
cially in pocosin areas. Major rivers in this
area include the James, Patuxent, and Poto-
mac.
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» Vegetation - Along the Atlantic coast, the
extensive marshes and interior swamps are
dominated by gum and cypress. Most upland
areas are covered by subclimax pine forests.
Kichler classified most vegetation as oak-
hickory-pine forests and southern flood plain
forests. The predominant vegetation form is
needle-leafed evergreen forests and deciduous
broad-leafed forests. The main forest cover
type is loblolly pine-hardwood. Hardwood
species are sweetgum, water oak, white ash,
yellow-poplar, red maple, and swamp hick-
ory. On bottomland areas along major rivers,
species include green ash, sugarberry, water
oak, American sycamore, sweetgum, and
American elm.

» Fauna - Fauna include white-tailed deer and
numerous other mammals. Wild turkey,
bobwhite quail, and mourning dove are the
common game birds. Both saltwater and
freshwater birds, such as herons, egrets,
ducks, geese, and cormorants, are present.
There are numerous herpetofauna, songbirds,
and amphibians.

» Disturbance Regimes- Present disturbances
include development and agriculture. Cli-
matic  disturbances include infrequent
hurricanes.

e Land Use - Natural vegetation has been
cleared for agriculture on about 65 percent of
the area. Other areas are in rapid develop-
ment.

Hydro-Physiographic Response

The following map, diagrams, and tables pro-
vide an interpretation of hydrology and potential
level of water quality function expected for ri-

parian forest buffers when used in these
provinces.
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Major Hydro-Physiographic Regions in the
Chesapeake Watershed
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Outer Coastal Plain (see inset)
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Poorly drained uplands and surficial confined region
[ Welkdrained uplands
Inner coastal plain

Poorly drained lowland, fine grained lowland and
coastal wetland/beach region (tidal influence)

Figure 2 - 2. Major Hydro-Physiographic Regions in the Chesapeake Watershed. (Source: Alliance for the
Chesapeake Bay, 1996)
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Inner Coastal Plain

INNER COASTAL PLAIN FLOW SYSTEM

Aquiclude

Section Il

Water Quality Function

Expected Level

Critical Constraints

Restoration/ Enhancement

Removal of nitrate
from groundwater

High, most water
moves in or near

Bypass due to artificial
subsurface drains.

Important on all streams. Rapid
restoration of denitrification

phosphorus

root zone. Organics in Zone 2. function. Ground cover in Zone 3.
Removal of sediment High/Medium Convert concentrated Restore in all areas. Enhance
and sediment-borne flow to sheet flow. existing forest with Zone 3
pollutants spreaders.
Removal of dissolved Medium/Low Control of dissolved P in Restore in areas with major P

surface runoff and
groundwater is limited.

load in surface runoff. Enhance
existing forest with Zone 3.

Riparian Forest Buffers:

% Reduction of Nutrients and Sediment*

Level Sediment Nitrogen PhOSphOI’LIIS
High 85-95 68-92 70-81
Medium 65-85 45-68 50-70
Low 40-65 15-45 24-50

* General approximations for 100-foot forest buffer
system. Actual levels will vary by land use and site
Based on loadings from agricultural
lands, performance in field studies rated as high re-
moved total N in the range of 23-66 pounds/acre/year
and total P in the range of 1-3 pounds/acre/year from
adjacent fields. Expected level of function is based

conditions.

on mature forest in Zones 1 and 2.
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Of all the physiographic regions, the inner
coastal plain probably represents the maximum
potential for nonpoint source control in riparian

forest buffer systems. Most excess rainfall en-

ters streams through subsurface runoff or
shallow groundwater and therefore moves in or
near the forest buffer root zone where nutrient

removal is very high. Forest buffers will be very
effective in controlling most particulate surface

runoff as well, though dissolved phosphorus
removal takes place at a lower rate. Because this
region is often flat, many agricultural areas have

drainage systems. For forest buffers to be effec-

tive, those systems must be modified to
encourage flow through the buffer.
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Outer Coastal Plain

OUTER COASTAL PLAIN FLOW SYSTEM

Well-Drained Upland

10-40m

7

Aquiclude

Water Quality Function

Expected Level

Critical Constraints

Restoration/ Enhancement

Removal of nitrate
from groundwater

Low, primarily
removal from

shorter flow paths.

Bypass flow due to deeper
aquifers. Long flow paths

surface in stream channels.

Concentration on headwater
areas. Zone 1 important for
nitrate removal.

phosphorus

Removal of sediment High/Medium Concentrated flow must On larger streams, focus on

and sediment-borne be converted to sheet flow. | filtering eroded sediment.
pollutants Enhance functions of Zones 2 & 3|
Removal of dissolved Medium/Low Dissolved P control is Increase vegetation uptake

limited. Focus on P load in
surface runoff.

and accretion. Enhance
existing forest and grass strips.

Well drained upland: Aside from lands imme-
diately adjacent to streams, excess rainfall sinks
farther into the ground and therefore enters the
streams through their bottoms, never coming
into contact with the root zone. As a result,
there is little nitrate removal from groundwater.
In this area, Zone 1 vegetation is particularly
important because trees immediately adjacent to
small streams offer the most potential for root
systems to intercept the deeper groundwater be-
fore entering small streams. Management
actions in this area might include the selection
of trees that would have roots most likely to
make that connection. If the roots can reach the
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groundwater, nitrate removal could be about as
effective as buffer systems in other landscapes.
Regardless of the groundwater situation, buffer
systems in this area would still provide sediment
control capacity similar to the Inner Coastal

Plain. Because of the lower water tables, well-
drained uplands may have more capacity to
store dissolved chemicals in groundwater.

Poorly drained upland/surficial confined:
Groundwater is slightly higher here than in the
well-drained upland, but lower than the inner
coastal plain. As a result, the effectiveness of
nitrate removal from the groundwater is between
those two extremes.



OUTER COASTAL PLAIN FLOW SYSTEM
Poorly Drained Upland/Surficial Confined

Section Il

Aquiclude

Critical Constraints

Restoration/ Enhancement

Lower loadings. Lower
rates of removal in
head water areas.

Restore first in headwaters, then
larger streams. Rapid restoration

of denitrification function.

Less surface runoff, but
similiar efficiencies as in
other CP systems.

Enhance vegetation in broad
existing areas. Restore in
headwaters.

Water Quality Function | Expected Level
Removal of nitrate Medium/High
from groundwater

Removal of sediment High/Medium
and sediment-borne

pollutants

Removal of dissolved Medium/Low
phosphorus

Dissolved P control is
limited. Focus on P load
in surface runoff.

Increase vegetation uptake
and accretion. Enhance

existing forest and grass strips.

TIDAL FLOW SYSTEM
Outer Coastal Plain

Aquiclude

Water Quality Function | Expected Level | Critical Constraints Restoration/ Enhancement
Removal of nitrate Low/Medium Depth to water-tables. Limit practice to areas without
from groundwater Bank erosion due to marsh wetlands down slope.

unstable soils. Enhance vegetation uptake.
Removal of sediment High/Medium Convert concentrated flow to | Restore/enhance in all areas.
and sediment-borne sheet flow. Bank stability limits | Limit to wider Zone 3 in
pollutants usefulness in some areas. some areas. Enhance Zone 3.
Removal of dissolved Medium/Low Dissolved P control is Increase vegetation uptake
phosphorus limited. Focus on P load and accretion. Enhance

in surface runoff. existing forest and grass strips.
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Surface runoff control would still be effective,

but removal of dissolved chemicals would
probably be less than in the well-drained upland
because the higher groundwater level limits
storage. Agriculture in this region is commonly
associated with artificial drainage, which re-
quires integration into the buffer system.

Tidal area: Tidally-influenced areas are unique
because groundwater discharges are affected by
tidal movements. Also, unlike most of the Bay

Piedmo

PIEDMONT FLOW SYSTEM
Thin Soils/Triassic Shales

DAAANANAAAAAAAAAAANAAA

Section Il

watershed, marshes are the natural shore vege-
tation in many of these areas. At sites where
marshes are not the natural shoreline, forest
buffers can help stabilize the banks. Shorelines
and cliffs are unique areas where special man-
agement may be needed. In most areas, the
water table will be completely under the root
zone, minimizing its impact. Restoration efforts
should focus on areas with shallow water tables
and wetland soils. Sediment control would be
similar to the inner coastal plain.

nt

Bedrock
Water Quality Function | Expected Level Critical Constraints Restoration/ Enhancement
Removal of nitrate High Lower loadings than ICP. | Select deeply rooted vegetation,
from groundwater Valley shapes control restore small and large streams,
local flow paths. seepage areas.
Removal of sediment High/Medium Slope of non-floodplain Restore in areas. Function
and sediment-borne areas. Volumes of surface | dependent on Zone 3 in first
pollutants runoff. few years. Enhance Zone 3.
Removal of dissolved Medium/Low Control of dissolved P in Restore in areas with large
phosphorus surface runoff. surface runoff P loads.
Increase infiltration.
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The Piedmont contains rich soils that can be
quite deep. The effectiveness of a riparian for-
est buffer's ability to remove nitrate from the
groundwater hinges on the depth of those soils
and the underlying bedrock. In areas with thin
or finely textured soils and short flow paths to
streams through shallow groundwater or surface
seepage — characteristics common in the Vir-
ginia Piedmont — nitrate removal would be
high, as in the inner coastal plain.

Piedmont areas with deeper soils are likely to
have longer flow paths which allow water to
sink deeper into the ground before entering the
stream, in some cases bypassing the forest
buffer. These areas are characterized by two
different types of bedrock--gneiss/schist and
marble. Areas with primarily schist bedrock
would achieve moderate nitrate removal, as
groundwater would be forced to move laterally
toward small streams. Some groundwater would
either seep up toward the surface before reach-
ing the stream or would pass through the root

PIEDMONT FLOW SYSTEM
Schist/Gneiss Bedrock

Section Il

zone of the buffer, while some flowing more
deeply would bypass the buffer. In areas with
deep soils underlaid by marble, nitrate removal
would be minimal, as much of the groundwater
would move through the porous marble layer
and into regional aquifers. Riparian forests are
most valuable here in flood plains and valley
bottoms.

Sediment control in areas characterized by thin
soils and flatter terrain would be similar to that
of the inner coastal plain, with the removal of
sediment and particulate nutrients being fairly
high, while control of dissolved phosphorus
would be fairly low. In hillier areas of the
Piedmont, sediment control will depend on how
effectively Zone 3 is managed to spread out the
runoff and prevent it from cutting channels into
the forest, allowing water to pass rapidly
through the buffer. Steeper slopes in riparian
areas may limit both the sediment filtering ca-
pacity and the retention time of water, possibly
requiring expansion of Zone 3 and/or Zone 2.

Seepage

Bedrock
Water Quality Function | Expected Level | Critical Constraints Restoration/ Enhancement
Removal of nitrate Medium More flow into regional Select deeply rooted
from groundwater aquifers, bypassing vegetation. Restore in
riparian zone. seepage areas.
Removal of sediment High/Medium Slope of non-floodplain areas.| Restore in areas with erosion
and sediment-borne Sediment loads in stream impacting streams. Enhance
pollutants flow from valley sides. existing forests with Zone 3.
Removal of dissolved Medium/Low Control of dissolved P in Restore in areas with large
phosphorus surface runoff. surface runoff P loads.
Increase infiltration.
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PIEDMONT/RIDGE & VALLEY FLOW SYSTEM

Marble/Limestone Bedrock

10-30m

AANAAAAA

—

Water Quality Function | Expected Level | Critical Constraints Restoration/ Enhancement
Removal of nitrate Low Most flow into regional Denitrification focus. Select
from groundwater aquifers and into large deeply rooted vegetation.
rivers. Restore in seepage areas.
Removal of sediment High/Medium Slope of non-floodplain areas.| Restore in all areas with erosion
and sediment-borne Sediment loads in stream impacting streams. Enhance
pollutants flow from valley sides. existing forests with Zone 3.
Removal of dissolved Medium/Low Control of dissolved P in Restore in areas with large
phosphorus surface runoff. surface runoff P loads. Increase
infiltration and fine sediment filter.

Ridge & Valley/Appalachian

The Ridge and Valley province is characterized
by folds in topography. Ridges of harder, more
resistant rock lie parallel to softer rock worn
down over time to form the lowlands. Streams
are intimately connected to this topography,
flowing on belts of soft rock which rarely cross
mountain ridges. Where they do, they cross at
right angles, forming a distinctive “trellised”
drainage pattern. Springs and seepage areas are
common, and the water table is often close to
the surface in near-stream areas.

This area is characterized by larger streams that
drain the main valleys, with smaller, and often
steeper, streams draining the ridges. Forested
riparian buffers have proven highly effective in
controlling water temperature and sediment de-
livery to streams in forest and agricultural
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settings in the Ridge and Valley, but knowledge
of the removal of nutrients from groundwater is
less certain. This is primarily because of differ-
ences in geology. Water flow in Ridge and
Valley areas with limestone bedrock is compli-
cated and quite variable over time. There is
often little potential for removing nitrate from
groundwater as water will flow through cavern-
ous openings in the rock to deep aquifers. From
there, groundwater will eventually flow into the
bottom of larger streams or rivers, bypassing
riparian buffer zones altogether. Ridge and
Valley areas with sandstone/shale bedrock have
greater potential for groundwater nitrate re-
moval as the hard bedrock keeps water moving
laterally in the shallow soils toward the streams.
Seepage and near-stream areas provide opportu-
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nities for substantial nitrate removal, while val- influence water quality. Surface runoff control
ley flood plains where groundwater discharge  would face the same issues as in hilly portions
occurs will likely be areas for forest buffers to of the Piedmont.

RIDGE & VALLEY FLOW SYSTEM
Sandstone/Shale Bedrock

—>

_|

A

1-2m

AANNAANNNANANANNA,

Y Bedrock

A AAAAAAAAAS

INAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAN

Water Quality Function | Expected Level Critical Constraints Restoration/ Enhancement
Removal of nitrate Medium/High Presence of seeps and Select for vegetation uptake,
from groundwater floodplains. Valley especially early in growing
configurations. season. Deeply rooted.
Removal of sediment High/Medium Sediment loads in stream | Restore in all areas with stream
and sediment-borne flow from valley walls. erosion. Enhance Zone 3 to
pollutants Slopes of non-floodplains. | control sediment.
Removal of dissolved Medium/Low Control of dissolved P in Restore in areas with large
phosphorus surface runoff. surface runoff P loads.
Increase infiltration.

RIDGE & VALLEY/APPALACHIAN FLOW SYSTEM
Low Order Streams

NN
NN,
ANIANTAIA,
NN,
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AN AN NN
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Water Quality Function | Expected Level Critical Constraints Restoration/ Enhancement

Removal of nitrate Medium/High Residence time of water. Select deeply rooted vegetation

from groundwater Presence of seeps and for uptake. Zone 1 is important
floodplains. for removal.

Removal of sediment High/Medium Sediment loads in stream | Restore in all areas with stream

and sediment-borne flow from valley walls. erosion. Enhance Zone 3 to

pollutants Slopes of non-floodplains. | control sediment.

Removal of dissolved Medium/Low Control of dissolved P in Restore in areas with large

phosphorus surface runoff. surface runoff P loads.

Increase infiltration.
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Functions/Values of Riparian Forest Buffers

Introduction

This section describes the functions and values
of riparian areas and riparian forest buffers as
they relate to:

»  Water Quality and Hydrology
» Wildlife and Fish

+ Aesthetics and Outdoor Recreation

Water Quality and Hydrologic
Functions/Values of Riparian
Forest Buffer Systems

First and second order streams comprise nearly
three-quarters of the total stream length in the
United States (see Figure 3-1). Riparian eco-
systems along these small streams are
influenced by processes occurring on both land
and water. Small streams can be completely
covered by the canopies of streamside vegeta-
tion. Riparian vegetation has well-known
beneficial effects on the bank stability, biologi-
cal diversity, and water temperatures of streams.
Riparian forests of mature trees (30 to 75 years
old) are known to effectively reduce nonpoint
pollution from agricultural fields.

Compared to other water quality improvement
measures, Riparian Forest Buffer Systems
(RFBS) can lead to longer-term changes in the
structure and function of human-dominated
landscapes. To produce long-term improve-
ments in water quality, RFBS must be designed
with an understanding of the following:

e processes which remove or sequester pollut-
ants entering the riparian buffer system

» effects of riparian management practices on
pollutant retention

» effects of riparian forest buffers on aquatic
ecosystems

» effects and potential benefits of planned har-
vesting of trees on riparian buffer systems

» effects of underlying soil and geologic mate-
rials on chemical, hydrological, and
biological processes

It is important to note that the current under-
standing of the functions of the RFBS is based
on studies that have been done in areas where
riparian forests currently exist because of a
combination of hydrology, soils, cultural prac-
tices, and economics. Most of the current
knowledge of the water quality functions of the
three zones of the RFBS specification is derived
from studies in existing riparian forests and on
experimental and real-world grass buffer sys-
tems.
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*Stream orders are a simple numbering
system used to classify the drainage net-
i1 work of a watershed. Order 1 streams are

e ¢ the first channels in the headwaters to ex-
S " hibit a defined bed and banks. Most are
AEelalelr fel c To only 1-2'in width. Two order 1's join to form

Community type* ) 2 4 an order 2 and so on.

*In most watersheds, over 90% of stream

miles are order 1-3 headwater streams.

Patterns of drainage vary due to geology,

slope, and climate.

5 or higher

*The quality of water (nutrients, sediment,
and temperature) is affected most by the
condition of headwater streams (order 1-
4). Riparian forest buffers may exert their
ey greatest influence here as the majority of
A-Adtive channel or water body water flows through the shaded riparian
B-Stream banks and adjacent area flooded on an annual basis Zone.

C-Riparian zone of influence-zone of vegetation directly

affecting or affected by the stream or water body
D-Uplands

*Riparian forests may provide the greatest
opportunities to enhance fish habitat on
(Note that A, 8 and C make up the complete riparian zone. mid-order streams (3_ ) and shorelines
In some cases, portions of D may be included in a riparian buffer) . L

where there is sufficient large woody de-
bris, stream structure and flow to support
fish and other aquatic life.

*Larger streams and rivers (order 6+) are
often characterized by well-defined flood-
plains or adjacent wetlands. Wider buffers
may be needed here to allow meandering,
as well as improve channel stability, water
quality, and wildlife corridors.

Figure 3 - 1. Stream orders as illustrated in the Alliance for the Chesapeake Bay White Paper, 1996.
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How Riparian Forest Buffers
Control the Stream Environment

Although reduction of nonpoint source (NPS)
pollution is a widely recognized function of
riparian forest buffer systems, they also contrib-
ute significantly to other aspects of water
quality and physical habitat. Habitat alterations,
especially channel straightening and removal of
riparian vegetation, continue to impair the eco-
logical health of streams more often and for
longer time periods than toxic chemicals.
Studies in Pennsylvania consider loss of riparian
forests in eastern North America to be one of
the major causes of aquatic ecosystem degrada-
tion.

Zone 1, the permanent woody vegetation at the
stream edge, enhances ecosystem stability and
helps control the physical, chemical, and trophic
status of the stream. Healthy riparian vegetation
in Zone 1 also contributes to bank stability and
minimizes instream sediment loading because of
bank erosion. Zone 1 also has substantial ability
to control NPS pollution through denitrification,
sedimentation, or direct root uptake of pollut-
ants.

Riparian forest vegetation controls light quantity
and quality, moderates temperature, stabilizes
channel geometry, provides tree roots and
woody debris for habitat, and provides litter for
detritivores. To maintain the biological integ-
rity of the aquatic ecosystem, an ideal managed
buffer system should have patterns of vegeta-
tion, litterfall, and light penetration similar to
those in a natural, undisturbed riparian forest.
However, for many locations, representative
sites of truly natural, undisturbed riparian eco-
systems do not exist. In fact, after a long history
of human disturbance in many areas, the concept
can be difficult to define. Studies suggest that
within a homogeneous region, relatively pristine
areas may be identified as benchmarks for the
evaluation of other sites.
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1. Temperature and Light

The daily and seasonal patterns of water tem-
perature are critical habitat features that directly
and indirectly affect the ability of a given stream
to maintain viable populations of most aquatic
species, both plant and animal. Considerable
indirect evidence suggests that the absence of
riparian forests along many streams and rivers in
the Chesapeake drainage, particularly in agri-
cultural areas, may have a profound effect on
the current geographic distribution of many spe-
cies of macroinvertebrates and fish. Studies
reviewed the effects of temperature alterations
on the growth, development, and survival of
stream macroinvertebrates found in the Penn-
sylvania Piedmont. These studies showed that
temperature changes of 2-6° C usually alter key
life-history characteristics of most of the study
species.

In the absence of shading by a forest canopy,
direct sunlight can warm stream temperatures
significantly, especially during summer periods
of low flow. For example, maximum summer
temperatures have been reported to increase 6°-
15° C following removal of the riparian forest
canopy. Streams flowing through forests will
warm very rapidly as they enter deforested ar-
eas, but excess heat dissipates quickly when
streams reenter the forest. Studies demonstrated
this alternate warming (by 4-5° C) and cooling
as a stream passed through clearcut and uncut
strips in the Hubbard Brook Experimental For-
est, New Hampshire. In Pennsylvania (Ridge
and Valley Province), average daily stream tem-
peratures that increased 11.7° C through a
clearcut area were substantially moderated after
flow through 500 meters of forest below the
clearcut. The temperature reduction was attrib-
uted primarily to inflows of cooler groundwater.
The impact of deforestation on stream tempera-
ture varies seasonally. In the Pennsylvania
Piedmont, studies found that from April through
October average daily temperatures in a sec-
ond-order meadow stream reach were higher
than in a comparable wooded reach, but that the
reverse was true from November through
March.



Riparian forest buffers have been shown to pre-
vent the disruption of natural temperature
patterns as well as to mitigate the increases in
temperature following deforestation. Studies
found that buffer strips of 10 meters wide were
as effective as a complete forest canopy in re-
ducing solar radiation reaching small streams in
the Pacific Northwest. The exact width of Zone
1 needed for temperature control will vary from
site-to-site depending on a variety of factors (see
Sections V and VI). A previous study pointed
out that: 1) streams oriented in a north-south
direction are less easily shaded than streams
flowing east or west, and 2) a buffer on the
north side of a stream may have little or no ef-
fect. Also, in larger streams and rivers, the
width of the channel prevents a complete can-
opy cover, so the effect of canopy shading may
be reduced. In eastern North America, openings
in the canopy immediately above streams occur
when the channel width exceeds about 20 me-
ters in width (i.e., about stream order 4 or 5).
Stream orientation relative to solar angle may
also affect the extent of shading for larger
streams. Although shading on larger rivers may
have little or no influence on water temperature,
shaded stream banks provide habitat microsites
for fish and other aquatic organisms.

The ability of a given width of streamside forest
to maintain or restore the natural temperature
characteristics of a stream segment depends on
how it affects the factors that control the daily
and seasonal thermal regime of the stream.
Such factors (other than shading) include: flow,
channel geometry, solar radiation, evaporative
heat loss, conductive surface heat exchange,
and, in some cases, conductive heat exchange
with the streambed.

2. Habitat Diversity and Channel
Morphology

The biological diversity of streams depends on
the diversity of habitats available. Woody de-
bris is one of the major factors in habitat
diversity. Woody debris can benefit a stream
by:
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» stabilizing the stream environment by re-
ducing the severity of the erosive influence
of stream flow,

* increasing the diversity and amount of habi-
tat for aquatic organisms,

* providing a source of slowly decomposable
nutrients, and

« forming debris dams, it enhances the avail-
ability of nutrients for aquatic organisms
from more rapidly decaying material.

Quantities of large woody debris (LWD) rec-
ommended for healthy streams in the George
Washington National Forest in Virginia range
from 34 pieces of LWD per km for warm water
fisheries to 136 pieces/km for cold water fish-
eries. Although the quantity of woody debris in
streams without forested riparian areas would be
expected to be very low, there are few quantita-
tive studies. Studies in Pennsylvania found that
the volume of woody debris under forested
canopies in a Mid-Atlantic Piedmont stream was
20 times greater than the volume in a compara-
ble meadow reach. Following removal of a
riparian forest, large woody debris present in the
stream declines through gradual decomposition,
flushing during storms, and lack of inputs.
Smaller debris from second-growth stands pro-
motes less stability of the aquatic habitat and
tends to have a shorter residence time in the
stream.

Loss of streamside forest can lead to loss of
habitat through stream widening where no per-
manent vegetation replaces forest, or through
stream narrowing where forest is replaced by
permanent sod. In the absence of other peren-
nial vegetation, bank erosion and channel

straightening can occur as unimpeded stream-
flow scours the streambed and banks. The
accelerated streamflow velocity allowed by

straight channels promotes channel incision as
erosion from the stream bottom exceeds sedi-
ment entering the stream. This process can
eventually lead to the development of wide,

shallow streams that support fewer species.



Studies point out that stability of debris accu-
mulation is important for aquatic habitat.
Because of the greater resistance to displace-
ment by hydraulic forces, large woody debris is
of greater benefit to stream stability. Longer
material is relatively more important for the sta-
bility of wider streams.

In contrast, narrowing of stream channels has
also been reported following the replacement of

streamside forest with permanent grassland or
grass sod. Studies found that the narrowing of
deforested stream channels was evident for
streams up to drainage areas five square miles,
or about a third or fourth order stream. Other

studies quantified the narrowing phenomenon

more explicitly in a Pennsylvania Piedmont ba-

sin, showing that:

» first and second order wooded reaches aver-
aged about 2 times wider than their meadow
counterparts of the same order.

« third and fourth order forested reaches were
about 1.7 times wider than in deforested
areas.

The channel narrows in the absence of a stream-
side forest because grassy vegetation, which is
normally shaded out, develops a sod that gradu-
ally encroaches on the channel banks. For
benthic macroinvertebrates, microbes, and al-
gae, which live in and on the stream bed, the
loss in stream width translates into a propor-
tional loss of habitat. The effects of channel
narrowing on fish habitat are more complex and
involve the influence of woody debris on the
pool and riffle structure.

Links between large woody debris in streams,

the abundance of fish habitat, and the popula-
tions, growth, and diversity of fishes have been

documented. Even when the selection method
of tree harvesting has been done along streams,
the removal of old growth has caused a decline
in aquatic habitat quality because of diminished

inputs of large woody debris. The surfaces of

submerged logs and roots provide habitat that
often support macroinvertebrate densities far

higher than on the stream bottom itself.
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Woody debris, like boulders and bedrock pro-
trusions, tends to form pools in streams by
directly damming flow, by the scouring effects

of plunge pools downstream of fallen logs, or by
forming backwater eddies where logs divert
flow laterally. In undisturbed forests, large

woody debris accounts for the majority of pool

formation. As expected, removal of woody de-
bris by deforestation typically results in loss of
pool habitat. Although pools are spatially con-
tiguous with riffles, there is little or no overlap

in the species composition of the dominant
macroinvertebrates occurring in the two habi-
tats. The loss of pools, therefore, translates
directly into lower populations and diversity for

this group. For fish, pools improve habitat by
providing space, cover, and a diversity of micro-
environments. Greater depth and slower veloc-
ity in pools afford protection to fish during

storms, droughts, and other stressful conditions.

Debris dams of large woody material block the
transport of both sediment and smaller litter
materials. The impoundment and delayed trans-
port of organic material downstream enhances
its utilization by aquatic organisms. By slowing
transport rates, dams on small order streams
serve as buffers against the sudden deposition of
sediment downstream. The capacity of a stream
to retain debris, therefore, is an important char-
acteristic influencing the aquatic habitat.

Although it is often thought that large woody
debris is less important on large rivers and open
water habitats, it has been shown that woody
debris derived from riparian forests along tidal
shorelines of the Bay provides an important ref-
uge habitat for numerous species of fish and
crustaceans. Shallow water habitats, with plen-
tiful large woody debris, support greater
abundance of many species of fish and crusta-
ceans than do areas with no woody debris
bordered by narrow strips of marsh. Studies
hypothesize that the importance of large woody
debris along Bay shorelines has been increased
because of loss of habitat in submerged aquatic
vegetation and oysterbeds.



3. Food Webs and Species Diversity

The two primary sources of food energy input to
streams are litterfall (leaves, twigs, fruit seeds,
and other organic debris) from streamside
vegetation and algal production within the
stream. Total annual food energy inputs (litter
plus algal production) are similar under shaded
and open canopies, but the presence or absence
of a tree canopy has a major influence on the
balance between litter input and primary pro-
duction of algae in the stream.

Studies noted that “streams flowing through
older, stratified forests receive the greatest
variation in quality of food for detritus-
processing organisms.” In the Piedmont,
streams flowing through forested landscapes do
not contribute food energy to downstream chan-
nels that have been deforested (even contiguous
reaches) because the large pieces of litter do not
move very far. This means that a streamside
forest is needed along the entire length of a
stream in order to assure a proper balance of
food inputs appropriate to the food chain of na-
tive species. Macroinvertebrate populations are
affected by changes in litter inputs. The activity
of benthic organisms may increase following
streamside plant removal. Woody material
decomposes more quickly following riparian
forest removal, thereby further reducing the
stream'’s nutrient retention.

The quantity and quality of algal production in a
stream are greatly affected by the quantity and
quality of light striking its surface. For exam-
ple, studies showed that the algal community of
a stream heavily shaded by an old growth forest
was dominated by diatoms all year, while a
nearby stream in a deforested area contained
mainly filamentous green algae in the spring and
diatoms at other times. Other studies have also
shown that deforested sites tend to be dominated
by filamentous algae while diatoms prevail un-
der dense canopy cover. In the eastern
Piedmont, filamentous algae such &&ado-
phora can be dominant in deforested streams
due primarily to a combination of high nutrients,
high light levels, and warm temperatures. Al-
though some macroinvertebrates such as
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crayfish and waterboatmen insects readily con-
sume this type of algae, most herbivorous
species of stream macroinvertebrates have
evolved mouth parts specialized for scraping
diatoms from the surface of benthic substrates
and cannot eat filamentous algae.

The influence of differences in the quality of
algal production on the aquatic ecosystem is
complex. Algal grazing species generally bene-
fit from an increase in algal growth. Because
the growth efficiency of insects is often higher
on algae than on detritus, the opening of the
canopy may increase the production of macroin-
vertebrates in these reaches. For example,
studies found both higher biomass and densities
for most grazer species in deforested sites rela-
tive to forested sites. The pattern is not clear,
however, because other studies found higher
biomass but lower densities of grazers in defor-
ested versus forested sites. Researchers
observed in California streams that the benthic
community in logged watersheds became domi-
nated by a few algal feeding species. The
diversity of the macroinvertebrate community
was significantly lower than in unlogged water-
sheds, except where the stream was protected by
a riparian buffer of 30 meters or more. For
buffer strips less than 30 meters in width, the
Shannon diversity was significantly correlated
with buffer width.

How Riparian Forest Buffers
Facilitate Removal of Nonpoint
Source Pollutants

Riparian forests remove, sequester, or transform
nutrients, sediments, and other pollutants. The
pollutant removal function of a Riparian Forest
Buffer System depends on two key factors:

» The capability of a particular area to inter-
cept surface and/or groundwater-borne
pollutants, and

» The activity of specific pollutant removal
processes.



Focusing on these two factors as regulators of
buffer zone effectiveness is useful for evaluating
the importance of a particular site as a buffer.

1. Nitrate Removal

Most studies with high levels of nitrate removal
were in areas with high water tables that caused
shallow groundwater to flow through or near the
root zone. The mechanisms for removal of
nitrate in these study areas are thought to be a
combination of denitrification and plant uptake.
Denitrification is the biochemical reduction of
nitrate or nitrite to gaseous nitrogen, either as
molecular nitrogen or as an oxide of nitrogen.
Linkages between plant uptake and denitrifica-
tion in surface soils have been proposed as a
means for maintaining high denitrification rates
in riparian ecosystems. In contrast, riparian
systems without substantial contact between the
biologically active soil layers and groundwater,
or with very rapid groundwater movement, ap-
pear to allow passage of nitrate with only minor
reductions in concentration and load. A study
reported both high nitrate concentrations and
high nitrate removal rates beneath a riparian
forest where very high nitrate flux and rapid
groundwater movement through sandy aquifer
material limited nitrate removal efficiency. An-
other study showed that groundwater flow
beneath the biologically active zone of a narrow
riparian buffer along a tidal bay in Maryland
resulted in little removal of nitrate. It is also
known that groundwater discharging through
sediments of tidal creeks may have up to 20
times the nitrate concentrations found in the
main stem of the creeks. A study indicated that
groundwater nitrate might bypass narrow areas
of riparian forest wetland and discharge into
stream channels relatively unaltered when the
forest is underlain by an oxygenated aquifer.
This pattern of groundwater flow was supported
by modeling of a small Coastal Plain watershed
in Maryland. Isotopic analysis of groundwater
and surface water in this watershed suggested
that denitrification was not affecting the nitrate
concentrations of discharging groundwater. In
these cases where nitrate enriched water sur-
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faces in the stream channel, a wide RFBS would
have little effect on nitrate. Deeply rooted
vegetation near the stream might have some ef-
fect.

Studies in New Zealand have shown that the
majority of nitrate removal in a pasture water-

shed took place in organic riparian soils which
received large amounts of nitrate laden ground-
water. The location of the high organic soils at
the base of hollows caused a high proportion of
groundwater (37-81%) to flow through the or-

ganic soils although they occupied only 12

percent of the riparian area. A related study in
New Zealand found very high nitrate removal in

the organic riparian soils, but streamflow was
still enriched with nitrate. The authors specu-
lated that water movement through mineral soils
was responsible for most of the nitrate transport
to streams. Riparian systems with intermingling
organic and mineral soils point out the need to
understand where groundwater is moving and
what types of soils it will contact, especially in

seepage areas.

2. Plant Uptake of Nutrients

Maintenance of active nutrient uptake by vege-

tation in Zone 2 should increase the potential for
short-term (non-woody biomass) or long-term

(woody biomass) sequestering of nutrients. Al-

though plant water uptake is chiefly a passive

transpiration process, plant nutrient uptake is
mostly an active process, dependent upon plant
metabolic activity.

Nutrient uptake by flood-intolerant plants is
strongly influenced by the aeration status of the
soil. As low oxygen supply decreases root
metabolism, the uptake of most nutrients de-
creases. Flood-tolerant species, such as those
found in many riparian forests, may tolerate
low-oxygen conditions by means of adaptive
metabolic responses. They may also avoid root
anoxia by morphological adaptations that fa-
cilitate the availability of oxygen. Under
flooded conditions, roots may become thicker
and increase in porosity, allowing an internal
downward diffusion of oxygen. The growth of
adventitious roots may also allow water and nu-



trient uptake from near-surface areas that are
more aerated. Vegetation selection for restored
or managed RFBS must consider the ability of
different species to take up and store nutrients
under specific conditions of the site. A study
points out that flooding can enhance the nutrient
uptake and growth of some species. Bottomland
hardwood seedlings grow faster under saturated
conditions than under drained but well-watered
conditions. More rapid increases in total dry
weight and nitrogen and phosphorus uptake
were found in water tupeld\fssa aquaticd..)

as well as several other species under saturated
conditions. Shoot weights of a majority of wet-
land and intermediate plant species were either
unaffected or increased under flooded condi-
tions.

Compared to the “natural” riparian forests stud-
ied in most existing research, managed riparian
forests have the potential for increased accu-
mulation of nitrogen and phosphorus in biomass
through both increased biomass production and
increased foliar nutrient contents. Trees can
respond to nitrogen subsidy by both increased
growth rates and luxury nitrogen uptake. The
growth rate of forests is commonly nitrogen
limited. A study suggested that high efficiency
of nitrogen use by forests is an adaptation to the
nitrogen-deficient environments that they fre-
guently inhabit. Often the potential nitrogen
uptake rate is much higher than observed rates.

Conditions do exist where nitrogen is no longer
the limiting nutrient for forest growth. Long-
term inputs of nitrogen, such as may occur from
atmospheric deposition in the northeastern
United States, could result in nitrogen levels
exceeding the total combined plant and micro-
bial nutritional demands. Under these
conditions, phosphorus might become the lim-
iting factor for tree growth. Unlike upland
forests, phosphorus may often be the most lim-
iting nutrient in wetland ecosystems. A study
found the growth of baldcypres§gxodium dis-
tichum (L). Rich.) in a southern lllinois swamp
to correspond well with phosphorus inputs from
flooding. Foliar phosphorus content of loblolly
pine on wet Coastal Plain sites in South Caro-
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lina has been observed to correlate well with
growth. An analysis of nutrient ratios in de-

caying litter from tupelo gum trees in a North

Carolina swamp forest suggested that phospho-
rus levels may limit decomposition rates. If

phosphorus is the limiting nutrient for tree

growth, it should make vegetation an effective

phosphorus sink.

While several studies have found plant uptake to
be an important nutrient removal mechanism in
riparian forest buffers, several factors may re-
duce the importance of plants as nutrient sinks.
Pollutants in groundwater flowing into the ri-
parian buffer will only be accessible to plants if
the water table is high in the soil profile or if
mass movement of water because of transpira-
tion demands moves water and solutes into the
root zone. Coastal Plain riparian forests have
been shown to control localized downslope wa-
ter transport by creating moisture gradients
which move water in unsaturated flow from
both the adjacent stream and the upland field.
Nutrients in surface runoff and in water perco-
lating rapidly through soil macropores as
“gravitational water” may not be available to
plants. Large rainfall events that often transport
a high percentage of pollutants in the Chesa-
peake Bay Watershed (CBW) often produce
concentrated surface flow and macro-
pore-dominated percolation.

Plant sequestering of nutrients is also limited by
seasonal factors. In the temperate deciduous
ecosystems that dominate riparian forest buffers
in the CBW, plant uptake will decline or stop
during the winter season. A high percentage of
surface and groundwater flow occurs in the
CBW during winter. There is also concern that
nutrients trapped in plant tissues can be released
back into the soil solution following litterfall
and decomposition. However, nutrients released
from decompaosing plant litter may be subject to
microbial, physical or chemical attenuation
mechanisms in the root zone of forest soils.
Storage of nutrients in woody tissue is a rela-
tively long-term attenuation, but still does not
result in removal of pollutants from the ecosys-
tem unless biomass is removed. A final concern
about plant uptake as a nutrient removal mecha-



nism arises from the possibility that the ability
of trees in a buffer zone to sequester nutrients in
woody biomass becomes less as trees mature.
The average tree age in most riparian forest
buffers in the CBW is less than 100 years and
should thus be accumulating nutrients in woody
biomass. Although net vegetation accumulation
of nutrients may reach zero, net ecosystem ac-
cumulation may continue as nutrients are stored
in soil organic matter.

3. Microbial Processes

In addition to plant uptake, there are microbial
processes that attenuate pollutants in RFBS.
These processes include immobilization of nu-
trients, denitrification of nitrate and degradation
of organic pollutants. Microbes take up or
“immobilize” dissolved nutrients just as plants
do. These immobilized nutrients can be
re-released or “mineralized” following death
and decomposition of microbial cells, just as
nutrients sequestered by plants can be released
following litterfall. In ecosystems that are ac-
cumulating soil organic matter, there will be a
net storage of immobilized nutrients. Riparian
forest buffers, if managed to foster soil organic
matter accumulation, may thus support signifi-
cant long-term rates of nutrient storage by
immobilization.

Denitrification refers to the anaerobic microbial
conversion of nitrate to nitrogen gases. Denitri-
fication is controlled by the availability of
oxygen (Q), nitrate, and carbon (C). Although
essentially an anaerobic process, denitrification
can occur in well-drained soils because of the
presence of anaerobic microsites, often associ-
ated with decomposing organic matter fragments
which deplete available oxygen. It is likely that
soil moisture gradients in riparian ecosystems
cause a change in controlling factors within
most three-zone RFBS. In parts of the RFBS
with better internal drainage and generally lower
soil moisture conditions, denitrification may be
generally limited by the interacting factors of
carbon availability and aeration status. Al-
though many wetlands are often assumed to
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have high levels of denitrification because of
high carbon soils and anaerobic conditions, de-
nitrification in many wetlands will be nitrogen
limited. In the more poorly drained or wetland
portions of an RFBS, denitrification is more
likely to be limited by nitrate availability.

Wetland soils develop high levels of organic
matter because of their slope position and hy-
drologic condition. Frequently inundated soils
will have lower rates of litter decomposition

because the flow of carbon from litter to micro-
bial populations is reduced under anaerobic
conditions. The interactive nature of oxygen,
nitrate, and carbon control of denitrification

means that more denitrification generally occurs
in intermittently flooded sites than in perma-

nently flooded conditions.

Denitrification has been identified as the key
nitrate removal mechanism in several riparian
forest buffer studies. Estimates in the range of
30 to 40 kilograms of nitrogen per hectare per
year have been reported for natural riparian for-
ests in the United States. In several studies of
denitrification in riparian ecosystems, denitrifi-
cation has been concentrated in surface soil and
rates are generally much lower below the top 12
to 15 centimeters of soil. A study reported very
high denitrification in the top 30 centimeters of
an organic riparian zone soil in New Zealand.
Denitrification rates (measured on anaerobic
soil slurries) were over 11 kilograms of nitrogen
per hectare per day at this site.

While the factors regulating denitrification in
surface soils and aquifers are relatively well un-
derstood, the amounts of direct denitrification of
groundwater-borne nitrate are much less well
established. Subsurface microbial activity is
usually limited by carbon availability. In set-
tings where the total and dissolved carbon
contents of aquifers are low, they are poor qual-
ity substrates for microbial growth, and
anaerobic conditions necessary for denitrifica-
tion to proceed are not generated.

Microbial attenuation of organic compounds
arises from their ability to degrade these com-
pounds as food sources or through non-energy
yielding “cometabolism” reactions. There are



many different microbial degradation mecha-
nisms including aerobic, anaerobic,
chemoautotrophic and heterotrophic pathways.
The wide range of environments and high diver-
sity of microbial metabolism in RFBS should
support many of these mechanisms. Further
research into specific management strategies to
foster a wide range of degradation strategies is
needed.

In many cases, riparian area retention of
groundwater-borne pollutants may depend on a
complex interaction of hydrology, plant, soil,
and microbial factors. The potential importance
of these interactions is hypothesized based on
studies where significant rates of nitrate removal
from groundwater were measured, but the po-
tential for denitrification in the subsurface was
low. Studies suggested that surface soil denitri-
fication of groundwater derived nitrate is an
important route of nitrogen removal in riparian
forests. This route depends on plant uptake of
nitrate from groundwater, decomposition and
nitrogen release from plant litter, and nitrifica-
tion and denitrification of this nitrogen in
surface soil. In riparian forests where this route
of nitrogen removal is important, the nitrate
removal function may depend on complex inter-
actions among hydrology, plant dynamics, and
soil microbial processes. These interactions
vary within and between riparian forests and
should be strongly influenced by soil drainage
class, vegetation and soil type, climate, and
groundwater quality. Although soil denitrifica-
tion should be sustainable indefinitely under
proper conditions with a supply of nitrate and
available C, a study found that long-term
groundwater nitrate loading led to symptoms of
nitrogen saturation in the surface soils of a ri-
parian forest buffer.

4. Removal of Surface-Borne
Pollutants

Sediment trapping in riparian forest buffers is
facilitated by physical interception of surface
runoff that causes flow to slow and sediment
particles to be deposited. Effective sediment
trapping requires that runoff be primarily sheet
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flow. Channelized flow is not conducive to
sediment deposition and can actually cause ero-
sion of the RFBS. Two studies on long-term
sediment deposition in riparian forests indicated
that it is substantial. Results of both studies in-
dicate that two main actions occur:

* The forest edge fosters large amounts of
coarse sediment deposition within a few
meters of the field/forest boundary, and

* Finer sediments are deposited further into the
forest and near the stream.

Two other studies found much higher depths of
sediment deposition at the forest edge than near
the stream. A second peak of sediment depth
was often found near the stream, possibly from
upstream sediment sources deposited in over-
bank flows. The surface runoff which passes
through the forest edge environment is much
reduced in sediment load because of coarse
sediment deposition, but the fine sediment frac-
tion is enriched relative to total sediment load.
These fine sediments carry higher concentra-
tions of labile nutrients and adsorbed pollutants
which are carried further into the riparian forest
and are deposited broadly across the RFBS.

Movement of nutrients through the RFBS in
surface runoff will be controlled by a combina-
tion of the following:

» sediment deposition and erosion processes,
« infiltration of runoff,
* dilution by incoming rainfall/throughfall, and

» adsorption/desorption reactions with forest
floor soil and litter.

Studies that separate the effects of these various
processes are not available. A study found large
reductions in concentrations of sediment, am-
monium-nitrogen, and ortho-phosphorus in
surface runoff which passed through about 50
meters of a mature riparian forest in the Mary-
land Coastal Plain. Although the concentrations
of these pollutants were reduced by a factor of
three or four in most cases, the flow-length was
about twice that recommended in the RFBS
specification. Another study found that dis-



solved ortho-phosphorus loads in surface runoff
were not reduced markedly in a Zone 2-like area
of the riparian forest. The studies of surface
runoff through riparian forests agreed on the
importance of eliminating channelized flow

through the riparian forest and recommended
spreading flow before it reached the forest
buffer. In-field practices are also critical in pre-

venting channelized flow from reaching the field

edge.

Integrated Water Quality
Functions of Riparian Forest
Buffer Systems

The need to simultaneously control at least three
major transport mechanisms of waterborne pol-
lutants creates potential difficulties for RFBS.
It is likely that control of pollutants transported
in the sediment-adsorbed phase of surface run-
off, the dissolved phase of surface runoff, and
groundwater (dissolved phase only) may be op-
timal on different sorts of RFBS with differing
soils, vegetation, and management.

For surface-borne pollutants, increasing infiltra-
tion in the RFBS will be an effective measure
for both dissolved and adsorbed pollutant con-
trol. Conversely, the sandy well-drained soils
which have highest infiltration will likely have
lowest denitrification rates and may have rapid
groundwater movement rates leading to high
rates of nitrate transport through the riparian
forest buffer.

For nitrate removal via denitrification, a riparian
ecosystem where high nitrate water moves into
high organic matter soils or subsoils is the best
way to promote denitrification and the best way
to permanently remove nitrate from the soil-
water-plant system. This is illustrated both by
the New Zealand riparian studies of organic ri-
parian soils and by the findings that
denitrification is highly stratified in mineral
soils with most denitrification occurring in the
high organic carbon surface soils. Organic-rich
wetland soils can often respond to increased
nitrate loads with increased denitrification. The
same conditions which are likely to promote
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denitrification are also likely to decrease the
amount of retention of surface-borne pollutants.
Wetland soils which are frequently inundated
will have little or no infiltration capacity or
available water storage capacity.

Loading Rates and Nonpoint
Source Pollution Control

As a nonpoint pollution control practice, Ripar-
ian Forest Buffer Systems represent a long-term
investment which can change landscape struc-
ture. As a long-term management option, it is
quite likely that RFBS will be exposed to a wide
range of pollutant loadings because of both in-
terannual variation and changes in management
practices in source areas. Information on how
mature RFBS respond to changing pollutant
loads is essential to understanding long-term
sustainability of RFBS. Some research on
Coastal Plain RFBS indicates that higher rates
of nitrate removal would be possible under
higher loadings of nitrate. Published studies
indicate that this is most likely to be true in ar-
eas where denitrification is the primary means
of nitrate removal. Given the range in nutrient
uptake observed both among different plant spe-
cies and within the same plant species, it is
likely that vegetation uptake will increase with
increasing loads, if there is significant hydro-
logic interaction with vegetation.

Increasing loads of phosphorus are likely to be
less effectively controlled than increasing loads
of nitrogen, because of the lack of biological
processes to remove or sequester phosphorus in
the RFBS. If increasing phosphorus loads are to
be controlled, it will require effective manage-
ment of Zone 2 for infiltration and both Zones 2
and 3 for sediment removal. If dissolved or
particulated phosphorus can be retained in the
root zone, it will be available for both biological
and chemical removal processes. If RFBS have
some absolute removal potential for phosphorus,
reducing input loads should increase the effi-
ciency of removal.

Management to control increasing loads of
sediment and sediment-borne chemicals will
require specific management for sediment re-



tention. Most of the mass of sediment will be
deposited in Zone 3 or in the upper portions of
Zone 2 and most of the sediment-borne nutrients
will be deposited downslope in Zone 2. In-
creased sediment loadings will require increased
management to eliminate concentrated flows,
remove accumulated sediment, especially in
berms, and restore the herbaceous vegetation.
Increased sediment and sediment-borne chemi-
cal loads should lead to higher amounts of
chemical deposition in surface litter. The ability
of RFBS to retain dissolved phosphorus, espe-
cially under high loadings, may be limited.

Loading rate/buffer width relationships are only
poorly defined, especially for dissolved pollut-
ants. In published studies with water clearly in
contact with surface litter or the biologically
active root zone, buffers of about 100 feet have
been effective for at least sediment and nitrate
removal. One of the difficulties in describing
these relationships is that increasing pollutant
loads may also be accompanied by increasing
water volumes in either surface runoff, ground-
water, or both. In the presence of increased
water movement, denitrification for nitrate re-
moval should be enhanced and sedimentation
and infiltration may be decreased. Increased
surface runoff and loading of sediment and
sediment-borne chemicals can be accommo-
dated by management to increase roughness and
control channelized flow.

Stream Order and Size Effects

Regardless of the size of stream or the hydro-
logic setting, water moving across the surface or
through the root zone of a RFBS should show
reduction in either nitrate (groundwater) or

sediment and sediment-borne chemical loads
reaching the stream. As streams increase in
size, the integrated effects of adjacent riparian
ecosystems should decrease relative to the over-
all water quality of the stream. On lower order

streams there is greatest potential for interac-
tions between water and riparian areas. For
NPS pollution control, the change in impact of

RFBS as stream order increases can be esti-
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mated based on hydrologic contributions from
upstream and from the riparian ecosystem.

For first-order streams, the potential impact of
the RFBS on chemical load or flow-weighted

concentration is directly proportional to the pro-

portion of the excess precipitation from the

contributing area which moves through or near
the root zone or surface of the RFBS. For all
streams above first order, the contributing area
is only one source of pollutants, with upstream
reaches providing the other source.

For second-order and above, the NPS pollution
control function of a given RFBS is based on

both the proportion of water from the contrib-

uting area which moves through the riparian

system and the relative sizes of the two potential
pollutant loads - upstream sources or adjacent
land uses. Clearly, the larger the stream, the
less impact a RFBS along a particular stream
reach can have on reduction in overall load
within that reach. If there are no RFBS up-

stream from a particular stream reach, the water
entering the stream reach is likely to be already
contaminated.

On a watershed basis, the higher the proportion
of total streamflow originating from relatively
short flow-paths to small streams, the larger the
potential impact of RFBS. In comparing the
potential effectiveness of RFBS among water-
sheds, drainage density (length of channel per
unit area of watershed) should provide a useful
starting point. Higher drainage density implies
greater potential importance for RFBS in NPS
pollution control.

Control of the stream environment is most ef-
fective when native vegetation forms a complete
canopy over the stream. This is obviously only
possible on relatively small streams. The effect
of the RFBS on the stream environment is not
simply proportional to the amount of the chan-
nel that is shaded. As previously noted, besides
direct shading of the stream channel, cooling of
groundwater, recharging streams, and provision
of bank habitat will occur even on larger
streams. Providing for bank habitat, large
woody debris and leaf detritus remain important
functions, regardless of stream size.



Stormwater Management

Retaining forests as open space and using ri-
parian forest buffer corridors can be effective
practices to integrate with stormwater planning
in urbanizing areas. Forests can capture, absorb,
and store amounts of rainfall 40 times greater
than disturbed soils, like agricultural fields or
construction sites, and 15 times more than grass
turf or pasture. Capitalizing on this ability to
reduce the amount of water available for storm-
water runoff is a function that makes forests
valuable as an “open space tool” for stormwater
reduction. Fairfax County, VA, recently esti-
mated that forests were providing almost $57
million in stormwater reduction benefits annu-
ally to local taxpayers.

A buffer network acts as the right-of-way for a
stream and functions as an integral part of the
stream ecosystem. Buffers can be an important
component of the stormwater treatment system
of a development site. They cannot, however,
treat all the stormwater runoff generated within
a watershed. In heavily urbanized watersheds,
only 10 percent or so of water contributing to
stormflow may end up passing through a buffer
area. When buffers can be designed to accept
flow directly from impervious areas — such as
cuts in roadside curbs — a narrow stone layer, a
grass filter strip, or some other method, can be
used to spread water. The buffer can better
function as a direct filtering system. Roadside
swales or small collection areas just outside the
forest buffer may also provide a means to slowly
release and spread stormflow for treatment by
the buffer. Locating larger ponds and wetland
detention areas in or adjacent to buffers will
always be a balancing act. However, these
practices can be designed to work well in tan-
dem.

Flood Reduction and Control

Streams and their valleys in the Chesapeake Bay
Watershed were formed in a hydrologic balance
with their forested watersheds. The capacity of
downstream channels was also influenced by
forested flood plains. Forested flood plains
temporarily store flood waters, and woody
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vegetation helps reduce and capture sediment
loads.

Human activities have changed the hydrologic
balance between channels and their watersheds.
Some examples of changes are:

* Forested lands have been cleared, resulting
in increased storm runoff.

» Drainage efficiency has been increased
through channelization, gully formation, or
the removal of large woody debris, resulting
in rapid surface runoff.

e The construction of dikes and levees has in-
creased downstream peaks.

* Flooding is increased by deposition and
stream aggradation.

e Channels are cleaned and cleared of snags,
resulting in increased flood velocities.

* Eventually channels are downcut, and the
force of bankfull flows is increased.

The influence of past human use will still affect
the hydrology of watersheds that have become
reforested, and the function of reestablished
riparian forests will sometimes be limited by
existing watershed and channel conditions.

Flood Plain Function

The Federal Flood Plain Assessment Report
calls for restoring the natural function of flood
plains. The natural flood control functions of
flood plain forests include the following:

» Retarding flood flow velocities is the pri-
mary beneficial function of flood plain
forests. The U.S. Geological Survey devel-
oped a procedure for determining the rate at
which increasing the number of woody stems
increases flood plain roughness, thereby re-
ducing flood velocity. The role of woody
stems in reducing velocity and increasing
sediment deposition during floods has been
well documented. By comparison, grass
covered flood plains, when submerged, do
not retard flow.



* Maintaining downstream flood control ca-
pacities. Colonization of riparian areas with
woody vegetation can dramatically decrease
the rate of sedimentation in a downstream
reservoir. This can help maintain the flood
storage capacity of small reservoirs.

» Streamside forests contribute to channel sta-
bility and roughness. They contribute large
woody debris that prevents downcutting,
traps bedload sediments, and dissipates
stream energy in plunge pools.

[ ]
The natural resources manager should assess the

site-specific opportunities to restore flood plain
functions with riparian forest buffers. The fol-
lowing are areas that should receive special
attention and consideration:

* In headwaters - By restoring forests along
smaller streams, more storm flow can be dis-
persed and retained higher in the watershed,
thus reducing flood heights and damage
along downstream rivers

* Along downcut channels - Where channels
are contained within steep banks, and the
stream reaches the former flood plain less
frequently, the opportunity to restore flood
plain function will be reduced.

* Channels with levees - Where stream access
to the flood plain is blocked by levees, the
flood plain function is lost. However, estab-
lishing trees on the levee will help protect
the levee and provide other benefits. Studies
by the Agricultural Research Service indicate
that rock-faced revetments with woody
vegetation suffered less damage during
floods. Similar results were observed fol-
lowing the 1993 Mississippi River floods
where tree-covered levees withstood over-
topping better than grass-covered levees.

* Watershed — Consideration must be given
to the following upstream conditions that
increase the frequency of flooding:

1) Land development

2) Addition of levees

3) Clearing and snagging operations
4) Clearing streamside trees
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Downstream considerations that reduce the
stream’s access to the flood plain include:

1) Potential for dredging and channel
clearing
2) Presence of active headcuts

e Channel type - Many types of stream chan-
nels do not have active flood plains.
Channels with the National Wetland Classi-
fication of “lower perennial” are more likely
to have flood plains.

Period of inundation - Areas that are inun-
dated for extended periods will limit the
selection of suitable woody vegetation.

Opportunities for Management

Restoring a streamside forest with the attendant
understory and ground cover will make a sig-
nificant difference in flood plain function.
Periodic harvesting will keep those functions at
an optimum by:

1) Opening the canopy to increase the num-
ber of woody stems that retard velocity.

2) Harvesting to control tree size which is
important where there are levees.

Wildlife and Fish Habitat
Functions/Values of Riparian
Forest Buffer Systems

Riparian areas are used by wildlife more that
any other type of habitat. Many resource man-
agers are aware of the water quality values of
riparian areas, but many are not aware of the
direct effects these areas have on wildlife, both
aquatic and terrestrial.

Riparian areas provide valuable habitat in many
forms for different types of wildlife. Establish-
ing, managing, and protecting these areas can



increase biodiversity. Aquatic biodiversity, in
many cases, is dependent on the quality of the
riparian areas. Equally important is the value of
these areas for terrestrial wildlife. They provide
valuable wildlife corridors, many of which have
been lost over the years, for agriculture expan-
sion and housing development.

The primary determinants of stream flora and
fauna are water abundance and quality and the
ecological character of the riparian area, as well
as the watershed as a whole. The riparian
system provides a reflection of the surrounding
terrestrial ecosystems. Removal or degradation
of riparian areas can have a domino effect with

negative results in both aquatic and terrestrial
ecosystems that are linked to it.

Riparian Area Importance to
Wildlife

The major reasons why riparian areas are so
important to wildlife are:

» Wildlife habitat is composed of cover, food,
and ‘water.”

» The greater availability of water to plants,
frequently in combination with deeper soils,
increases plant production and provides a
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suitable site for plants that could not occur in
areas with inadequate water. This increases
plant diversity.

* The shape of many riparian areas, particu-
larly their linear meandering nature along
streams, provides a great deal of productive
edge.Riparian areas frequently produce more
edge within a small area.

* Along streams, there are many layers of
vegetation exposed in stair step structure.
The stair step of vegetation of contrasting
form (deciduous vs. coniferous, shrubs vs.
trees) provides diverse nesting and feeding
opportunities for wildlife.

* Riparian areas along intermittent and perma-
nent streams and rivers provide travel routes
for wildlife. These may serve as forested
connectors between wooded habitats. Wild-
life may use such habitat for cover to travel
through otherwise unforested agricultural or
urban areas.

Principles of the Riparian
Ecosystem

Definition of Terms

To better understand the important wildlife val-
ues that riparian areas provide, concepts of the
ecosystem and the food web are addressed first.
An ecosystem is the area in which one lives.
Derived from “Eco,” which is the Greek word
meaning “Home,” ecology is the study of the
“Home.” So, an ecosystem is the “system” or
“make up” of one’s “home.” This home could
be as small as under a rock in a stream or as

large as the entire Chesapeake Bay Watershed.

When thinking about the importance of riparian
areas to wildlife, the type and species of wildlife
being managed must be considered along with
relative ecosystem size. Smaller systems are
connected to a larger ecosystem, providing the
base support for the larger system.

An ecosystem includes populations, communi-
ties, habitats, and environments, and it
specifically refers to the dynamic interaction of
all parts of the environment, focusing particu-
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larly on the exchange of materials between the
living and nonliving parts.

A population is a group of interacting individu-
als, usually of the same species, in a definable
space. Acommunity, in the biologic sense,
consists of the population of plants, animals,
and microorganisms living together in a given
place.

The termsenvironment and habitat refer to a
definable place where an organism lives, in-
cluding both the physical and biologic features
of the place. The word environment comes
from the French verb “environner,” to surround,
and means surrounding or something that sur-
rounds. It includes all the conditions,
circumstances, and influences surrounding and
affecting an organism or group of organisms.

A habitat is the natural abode or locality of an
animal, plant, or person. It is derived from the
Latin, “habitare” - to “dwell.” It also includes

all features of the environment in a given local-

ity.

The term abiotic means “without life or
nonliving.” Many substances such as water,
oxygen, sodium chloride, nitrogen, and carbon
dioxide are abiotic when they are physically
outside living organisms. However, once they
are within living organisms they become part of
the biotic world. An important property of an
ecosystem that determines its productivity is the
form and composition in which bioactive ele-
ments and compounds occur. For example, an
ecosystem may have an abundance of vital nu-
trients, such as nitrates and phosphates. If they
are present in relatively insoluble particulate
form, as when they are linked to ferric ions, they
are not readily available to plants. When they
are in the soluble form of potassium or calcium
nitrate and phosphate, they are more readily
available. One of the most important qualities
of an ecosystem is the rate of release of nutri-
ents from solids; this regulates the rate of
function of the entire system.

Photosynthesisis the basic production force in
the ecosystem, and it is dependent upon green



plants, sunlight, water, carbon dioxide, and cer-
tain inorganic ions.

The transfer of energy from plants through a

series of other organisms constitutes a food

chain. The terntrophic (feeding) levelrefers

to the parts of a food chain or nutritive series in

which a group of organisms secures food in the

same general way. Thus, all animals that obtain
their energy directly from eating grass such as

grasshoppers, meadow mice, and deer are part
of the same trophic level.

The particular assemblage of trophic levels
within an ecosystem is known as the trophic
structure. Typically, ecosystems have three to
six trophic levels through which energy and or-
ganic materials pass. In marernacularterms,
food chains usually have three to six links, or
groups of organisms, which derive their nutri-
tion similarly.

It may even be more appropriate to call such
trophic structures food webs rather than food
chains. The interlocking nature of these rela-
tionships is typical of other ecosystems. This
interlocking or interaction is extremely impor-

tant to the overall function and value of riparian
buffers.

Structure

It is very important for riparian areas to have
structure. Depending on the diversity of the
area, the structure can be very simple and not
support a wide range of values for wildlife, or it
can be complex and supply a wide range of val-
ues for many different species of wildlife.

Horizontal and vertical diversity are two com-
ponents of habitat structure. Horizontal
diversity or “patchiness” refers to the complex-
ity of the arrangement of plant communities and
other habitats (see Figure 3-3). Different forest
types have different wildlife communities. Ver-
tical diversity refers to the extent to which
plants are layered in a stand (see Figure 3-4 on
the next page). The degree of layering is deter-
mined by the arrangement of plant growth
forms, by distribution of trees of varying heights
and crown characteristics, and by trees of the
same species but different ages.

It is important to think of structure and dynam-
ics when managing a riparian are&tructure
refers to the spatial organization of communities
and what part of the area populations utilize.
Dynamics refers to the interactional processes,
energetic relationships, and patterns of change

REGENERATION

SAWTIMBER
STAND

SAPLING-

POLE STAND

LARGE SAWTIMBER
STAND

UNEVEN-AGED
STAND

Figure 3 - 3. Horizontal diversity depends on the type of area and size-class management used on a property.

(Source: DeGraaf, 1992)
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Figure 3 - 4. Vertical diversity depends on the number of vegetative layers present in a stand.

(Source: DeGraaf, 1992)

within communities. The riparian forest buffer
may be thought of as a layered system, with
each layer possessing characteristic populations
and a typical organization.

One can obtain a partial glimpse of the dynamic
complexity of the forest floor by carefully ex-
amining the leaf litter of this biotic community
and by turning over a rotten log, or parting the
grass and herbaceous cover of the edges. The
soil-air interface is a particularly rich and active
area for living organisms. There is a variety of
insects, isopods, spiders, and myriapods (milli-
pedes and centipedes), but those that are easily
seen represent only a small portion of the total
community.

They are interacting with a great number of

smaller forms—springtails, mites, and nema-

todes. They are also part of the food chain of
vertebrates, such as salamanders, reptiles,
shrews, mice, and ground dwelling birds, that

patrol the area.
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Reptiles and Amphibians that use r
parian forested areas as their preferrdd
habitat:

« eastern ribbon snake

e eastern worm snake

* green frog

» Jefferson salamander

* mountain dusky salamander

» northern two-lined salamander

In moving upward from the floor of the riparian
forest, the biotic community thins out to a cer-
tain extent. Animals become more widely
spaced in three dimensions, and they become
more mobile. The plant community is domi-
nated by herbs and shrubs and the animal
community by insects, birds, and mammals.




Mammals that use riparian forested arl
eas as their preferred habitat:
* beaver

* big brown bat

* Dblack bear

» eastern Pipistrelle

» Keen’s Myotis

* little brown Myotis

» long-tailed weasel

e mink

* northern short-tailed shrew
* raccoon

* river otter

» silver-haired bat

» Virginia opossum

Mammals, including deer, rabbits, mice, shrews,
raccoons, and opossum, actively forage through
the lower layer of the community. Many animal
species, including annelids, some molluscs, my-
riapods, and soil dwelling arthropods, do not
enter this realm and are seldom if ever found
above the surface of the ground. There are ex-
ceptions, of course, such as certain snails
(molluscs) which climb trees.

The intermediate, codominant, and dominant
canopy layers of the riparian forest, dominated
by the foliage of trees and vines, also have their
characteristic animal communities. This is the

realm of insects and birds. Relatively few

mammals penetrate these upper levels. Squir-
rels, bats, and occasionally opossums and
raccoons may be seen in this level, however.
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Birds that use riparian forested areas as thelir
preferred habitat:

 alder flycatcher

* American goldfinch

» bald eagle

* barred owl

» red-bellied woodpecker
* belted kingfisher

» cerulean warbler

» common yellowthroat
» eastern screech-owl

» eastern wood-peewee
» gray catbird

* Louisiana waterthrush
» northern rough-winged swallow
* northern waterthrush
» prothonotary warbler

* red herons

* red-shouldered hawk
e song sparrow

* tufted titmouse

e veery

» wood duck

» yellow-breasted chat

» yellow warbler

Stratification is evident in bird populations that
are obviously capable of ranging throughout the
riparian forest from the floor to the canopy.
Birds have definite preferences and tendencies
to frequent certain layers. Morley showed a
definite stratification of bird life: in the upper



canopy, tree creepers (Certhia sp.); and robins

and the Carolina chickadee (Parus carolingénsis

and wrens on the ground and the herbaceous forage on twig tips high in the canopy.

zone. These patterns of vertical distribution
reflect the feeding habitats of the birds and are
an indication of the distribution of seeds and
insects.

Table 3-1 describes some plants used by com-
mon songbirds for food, cover, and nesting.
Morse has shown that the stratum distribution of
many birds within the forest is further limited to
specific sites. He found, for example, that the
brown creeper (Certhia familiajisand white
breasted nuthatch_ (Sitta carolinensis) forage
mainly on the lower part of tree trunks, whereas
the downy woodpecker_(Dryobates pubesgens
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As described, these riparian forests provide a
home, or habitat, for many kinds of wildlife-
game animals, songbirds, and many forms of
tiny insects and animal life. Hundreds of kinds
of plants make their home under this forest can-
opy and could not exist without it. The
important elements of a wildlife habitat are
food, cover, and water. The combination and
balance of these factors determines the kinds of
wildlife to be found in any riparian forest area.
Table 3-2 lists some wildlife food plants for
specific wildlife species and seasons available.
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Native Plants Used by Common Songbirds for Food, Cover, and Nesting

Table 3 - 1.

PLANT

BIRD

Bluebird
Thrush

Bunting

Cardinal

Grosbeak

Catbird

Thrasher

Finch
Siskin

Jay Mockingbird

Oriole

Tanager

Robin

Sparrow

Junco

Titmouse

Nuthatch

Towhee

Waxwing

Ash

v

v

v

v

Bayberry

Bittersweet

Blackberry

Blueberry

<

Cedar

Cherry

SS S S

Crabapple

Dogwood

Elderberry

Grape

Hawthorn

S S S S S S S S S S S

S S S S S S S S S S S

SS S S SN S S

SS S S S S S S SN S S

SES S S S S

SSE S S S S SN S S

NS S SN S

S S SN S S S S S S

Hickory

Holly

<

<

NS S S S

<

<

Honeysuckle

NSNS S S S S S S S SN NS

Maple

Millet

Mulberry

Oak

Pine

SSE S S SN S S

SSE S S S S S

SN S S

Plum

SS SN S S

SS SN S S

SSSN S

SS SN S S




ec€

PLANT BIRD
Bluebird | Bunting Cardinal Catbird Finch Jay Mockingbird Oriole Robin Sparrow Titmouse Towhee Waxwing
Thrush Grosbeak | Thrasher Siskin Tanager Junco Nuthatch

Pokeberry v v v v v

Pyracanthia v v v v v v

Rose v v v v v v

Sassafras v v v/ v/

Serviceberry v v v v v v v v v v v v

Spicebush v v v v v

Spruce v v v v v

Sumac v v v v v v v v

Sunflower v v/ v/ v/ v/

Viburnum v/ v/ v/ v/ v

Virginia v v v v

Creeper




Plant Species

Ash

Blackberry

Cherry

Grape

Ragweed

Dogwood

Oak

Sedge

Serviceberry

Blueberry

Elderberry

Pine

Panic grass

Beech

Poison lvy

Table 3-2
Wildlife Food Plants

No. of Species
Wildlife Species Using Plants for Food Using Plants

cardinal, purple finch, evening grosbeak, pine grosbeak, 20
cedar waxwing, yellow-bellied sapsucker, wood duck,
bobwhite qualil, black bear, beaver, porcupine, white-tailed deer

brown thrasher, chipmunk, gray catbird, rabbit, 56
ring-necked pheasant, robin, white-tailed deer

black bear, cedar waxwing, raccoon, red squirrel, rose- 56
breasted grosbeak, ruffed grouse, white-footed mouse

black bear, cardinal, fox sparrow, gray fox, 53
mockingbird, ruffed grouse, wild turkey

dark-eyed junco, goldfinch, horned lark, mourning
dove, red-winged blackbird, sparrows 49

bluebird, cardinal, cedar waxwing, rabbit, ruffed a7
grouse, wild turkey, wood duck

black bear, blue jay, raccoon, ruffed grouse, 43
white-tailed deer, wild turkey, wood duck

horned lark, ruffed grouse, sparrows, wild turkey 43

beaver, bluebird, cardinal, cedar waxwing, gray catbird, 39
red squirrel, scarlet tanager, white-tailed deer

black bear, gray cathird, rabbit, rufous-sided towhee, 37
skunk, white-footed mouse, white-tailed deer

bluebird, brown thrasher, cardinal, indigo bunting, 36
rabbit, rose-breasted grosheak

beaver, black-capped chickadee, brown creeper 33
dark-eyed junco, sparrows, red-winged blackbird, 32

wild turkey

black bear, blue jay, chipmunk, porcupine, ruffed grouse, 31

squirrels, tufted titmouse, white-tailed deer, wild turkey

black-capped chickadee, gray catbird, downy woodpecker, 28
flicker, hairy woodpecker, hermit thrush, wild turkey

Seasons

Available

w

F, W

S, F

Sp,

Sp,

Sp
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Plant Species

Sumac

Maple

Pokeweed

Greenbriar

Birch

Virginia creeper

Hickory

Aspen

Hawthorn

Hemlock

Walnut

Yellow-poplar

Alder

Table 3 - 2 (cont.)
Wildlife Food Plants

No. of Species
Wildlife Species Using Plants for Food Using Plants

bluebird, cardinal, black-capped chickadee, hermit 28
thrush, rabbit, robin

beaver, chipmunk, porcupine, rose-breasted grosbeak, 27
squirrels, white-tailed deer

bluebird, cedar waxwing, gray catbird, gray fox, 25
mourning dove, raccoon, red fox

gray catbird, hermit thrush, mockingbird, raccoon, 23
ruffed grouse

black-capped chickadee, beaver, porcupine, rabbit, 22
ruffed grouse

bluebird, great-crested flycatcher, pileated 22
woodpecker, red-eyed vireo

chipmunk, red-bellied woodpecker, rose-breasted 19
grosbeak, squirrels, wood duck

beaver, porcupine, ruffed grouse, white-tailed deer 17
fox sparrow, gray fox, raccoon, ruffed grouse 15
black-capped chickadee, porcupine, red squirrel, 13

ruffed grouse, white-footed mouse

red-bellied woodpecker, beaver, fox squirrel, gray squirrel, 7
red squirrel
redwing blackbird, cardinal, chickadee, purple 14

finch, goldfinch, hummingbird, yellow-bellied
sapsucker, beaver, red squirrel, fox squirrel, gray
squirrel, white-tailed deer

beaver, goldfinch, ruffed grouse 11

Seasons
Availabl

F, \

F, Vi

Sp,

F, V

Sp,
F, W

Sp,
F, W

F, V

F, V

Sp,
F, W

Sp, S
F, W

D

U7

Source: Adapted from Martin, A. C. et al. 1951
*Sp = spring, S =summer, F=fall, W = winter.
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Although the species that live in stream corri-
dors differ from one part of the region to
another, all wildlife has similar basic needs:
food, water, and shelter — collectively called
habitat. In Maryland, different wildlife lives
near a fast-flowing, cool stream in the western
part of the state than a slow-flowing, warm
stream on the Eastern Shore, or near an urban
stream in central Maryland.

Travel Corridors

Riparian forests are transition zones between
wet lowlands and drier upland habitats. They
often include a greater variety of plant types and
habitats than neighboring uplands areas. They
tend to be linear, creating a series of travel cor-
ridors and natural edges from the water to the
uplands. In areas of intensive farming, where
agricultural operations remove most crop resi-
dues, riparian vegetation provides cover for
reproduction, escape, nesting, and protection
from the weather. Where farmlands are bare for
most of the year, riparian areas provide abun-
dant food and water year-round.

Riparian forests also provide corridors for wild-
life to move from one area to another. This is
especially important in winter, where cover is
nearby and travel is easier because of reduced
show depth.Young birds and mammals use ri-
parian areas during dispersal from their birth
place. Migrating birds often use these areas and
wetlands for resting. The wildlife trees (shags
and den trees) found in these areas are used ex-
tensively for nest sites and perches. Riparian
areas also serve as links between different types
of habitat, providing dispersal and travel routes
for species that would not otherwise cross large
openings or cuts. It is extremely important that
these riparian buffer corridors are linked to
other areas of cover.

There were two studies conducted in the Chesa-
peake Bay Watershed that examined the use of
forest corridors by songbirds. One study exam-
ined use of riparian buffers of different widths

by breeding birds. Those authors recommended
a minimum buffer width of 100 meters to attract

breeding neotropical migratory birds, because
many of those species were not present in nar-
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rower buffers. Yet, past research has indicated
that, even if a species of songbird is present,
reproduction success of that species may be
lower in narrow strips compared to larger habi-
tat patches. Thus, only wide riparian buffers
may provide high-quality breeding habitat for

many songbird species.

Another study conducted by the Smithsonian
Institution indicated that forest corridors, in-
cluding riparian buffers, may be very important
for songbirds during migration. In that study,
more species of migratory songbirds were found
in large (greater than 500 hectares) rather than
in small (less than 100 hectares) forest tracts.
This was the case whether or not the tracts were
connected to other forests by corridors. How-
ever, small tracts that were connected to other
forests by an intervening corridor supported sig-
nificantly more species than did isolated small
tracts. Here, the presence of a corridor appar-
ently increased the use of small forest tracts by
migrating birds, possibly by serving as a con-
nection to other habitat patches.

The few studies conducted on wildlife use of
corridors have suggested that corridors may be
beneficial for movement of individuals during
some periods, but may not provide high-quality
breeding habitats.

For example, riparian buffers that join with
large forest tracts may not be needed to provide
high-quality breeding habitat for songbirds.
These areas still may provide breeding habitat
for some reptiles, amphibians, or invertebrates
and be useful connecting habitat for migrating
songbirds. In most cases, vegetation within ri-
parian buffers should be planted or managed to
maintain both a high structural diversity and a
high plant species diversity using native plant
species.



Fish Habitat

The Riparian Forest as a Food
Source

Macroinvertebrates, including aquatic insects,
are important sources of food for fish. The
presence or absence of riparian trees may be the
single most important factor altered by humans
that affects the structure and functions of stream
macoinvertebrates. Several changes occur in a
watershed as a result of removing the riparian
forest buffers. Watercourses become much nar-
rower, resulting in less benthic area. Once trees
are removed, grasses take over, sod forms, and
the stream narrows rapidly. Tree removal re-
sults in loss of tree root systems, an important
component of fish habitat.

Aquatic macroinvertebrates can be herbivores,
detrivores (scavengers), carnivores (predators),
or parasites. Aquatic insects can be classified
by the specialized way in which they obtain

food as follows:

1. shredders — chew, mince, or gouge coarse
particulate detritus or live macrophytes (ex-
ample - some caddisflies)

2. scrapers — scrape diatoms and other food
from rocks (example - mayflies, stoneflies)

3. collectors — gather fine particulate detritus
loosely associated with the sediment or from
the surface film (example - some caddis-
flies)

4. piercers — pierce and suck the contents of
green plants or of animals (example - true
bugs, waterstriders)

5. predators — attack live prey and ingest whole
or parts of animals (example - dragonfly,
damselfly, hellgrammite)

6. parasites — live in or on aquatic animals, not
necessarily killing them

7. filter feeders — filter particles suspended in
the water column (example - blackflies,
caddisflies that spin silk nets)

3-26

8. grazers — remove attached periphyton and
material closely associated with mineral or
organic substrates (example - mayflies,
stoneflies)

As aquatic insects go through different stages in
their life cycles, they become different types of
feeders.

Quality and quantity of food deteriorates when
riparian trees are removed. Loss of the forest
canopy allows high light levels to reach the wa-
tercourses.  This promotes the growth of
filamentous green algae, which few, if any,
aquatic species eat. Shade promotes diatoms, a
good food source for all macroinvertebrates,
especially caddisflies and mayflies. Seeds,
twigs, and leaves are also a good source of dis-
solved organic chemicals. The chemicals
support beneficial bacteria, which in turn sup-
port protozoans and higher forms of animal life.
Some macroinvertebrates eat leaves directly. It
is not uncommon for small Pennsylvania
streams flowing through forested land to contain
more than 1,000 grams of leaf material per
square meter in November. In a healthy stream,
most of the food is consumed by the following
April. Leaves generally travel less than 220 feet
from where they enter small streams and are
eaten by mayflies and caddisflies.

Most species of insects seem to prefer and
flourish best on a particular tree species. If pre-
ferred trees are removed and replaced with less
desirable species, some species of insects will
vanish from a watershed. Sycamore is a good
species for most insects, as are sweet birch, river
birch, and red maple. For example, certain
stonefly species grow best by eating chestnut
oak leaves. Some stoneflies need to eat the
flowers of riparian trees in order to survive.
Removal of the riparian forest eliminates tree
flowers (food) that stoneflies must have to com-
plete their life cycle. Some species of
caddisflies need hollowed out twigs with which
to build a home, while others actually eat the
wood for food (like termites do).



How Sediments Adversely Affect Fish
Habitat

Sediment by weight is the largest single pollut-
ant of water resources in the United States.
Sediment entering watercourses is caused by
rainsplash erosion and sheetwash erosion.
Sediment reduces the productivity of aquatic
plant, invertebrate, and vertebrate communities.
It can threaten the survival of fish by covering
essential spawning grounds, covering eggs, and
preventing emergence of recently hatched fry.
Sedimentation is one of the major causes of de-
cline in the quality of fisheries throughout the
United States. Turbidity in excess of 100 ppm
can inhibit fish growth and reproduction. Stud-
ies have shown that 2mm of silt deposition
caused 100 percent mortality in white perch
eggs, and 0.5 to 1 mm of sediment caused 50
percent mortality in adults.

The Use of Riparian Forest Buffers
to Moderate Stream Water
Temperatures

Water temperature is very important in assess-
ing water quality. As water temperature
increases, the capacity of water to hold oxygen
decreases. At elevated water temperatures,
there is a risk of oxygen depletion as a result of
the decomposition of organic matter.

Temperature also affects the release of nutrients
attached to sediment particles. As water tem-
perature increases, the solubility of the nutrients
increases. Slight increases in water temperature
can produce substantial increases in the amount
of phosphorus released into the water.

The removal of trees and other streamside
vegetation will cause detrimental effects. Dur-
ing hot summer months, a stream that is not
shaded will not be able to hold oxygen required
for aquatic life. Lack of oxygen, coupled with
the release of more nutrients into the water is
disastrous. An increase in sunlight and nutrients
will cause large algal blooms, further decreasing
water quality and aquatic habitat.
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Temperature increases can cause a shift in the
aquatic community from more desirable species
to less desirable species that are more tolerant to
elevated water temperatures. This is an impor-
tant concern in the coldwater fish habitat of the
Chesapeake Bay Watershed. Water temperature
must be controlled if the region is to promote
outdoor recreation that includes an emphasis on
fishing. In addition, if streamside vegetation is
removed from headwater areas, optimum
breeding areas for important game fish may be
destroyed. An increase in temperature in these
areas will cause fish to stop reproduction activi-
ties.

Studies show that maintenance of forest buffers
along streams is an excellent way to moderate
stream temperatures. One study compared
stream temperatures of two streams; one flowing
through cropland and the other flowing through
a forest (see Figure 3-5). The cropland stream,
which had no forest buffer, had a maximum
temperature that was 5 to 13 degrees Celsius
warmer than the stream flowing through a for-
est. Not only did the buffer keep the water
temperature cooler during the summer months,
but it kept the stream warmer during the coldest
months of winter. Studies in southeastern Penn-
sylvania have shown that during the summer
months, streams passing through open fields are
10 degreesFahrenheit warmer than streams
passing through forest shade. The streams in the
open fields are usually too warm to support trout
all year.

Studies show that temperature minimums during
summer months are greater for streams with no
forest buffer. If the temperature is elevated for
prolonged periods of time, there will be an ad-
verse impact to the energy budget of the aquatic
ecosystem. If nearstream vegetation is left to
shade the stream, only minor changes in stream
temperature will result. If forested buffers are
maintained adjacent to streams, significant de-
creases in water temperature will result. Grass
buffers cannot provide this benefit.
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Figure 3 - 5. Riparian forests are very important for shading streams and keeping water temperatures lower.
As water temperature increases, the stream has less ability to hold oxygen. Oxygen is needed for plants and
animals to survive. A cropland stream with no forest buffer is 5 to 13 degrees Celsius (generally 10 degrees
Fahrenheit) warmer than a forest stream. (Source: G.F. Greene, 1950. Land Use and Trout Streams, Journal

of Soil and Water Conservation.)

Research statistics have shown that angular can-
opy density (a parameter used to measure
shading) is strongly correlated with temperature
control. The width of the buffer is also related
to the effectiveness of the buffer to regulate
stream temperatures. The research recommends
that canopy density be kept at least at 80 percent
coverage. It concludes that the maximum
shading ability is reached within a width of 80
feet, with 90 percent of the maximum reached
within 55 feet.

Buffer effectiveness in controlling temperature
increases as stream size decreases. Usually, the
smaller streams have the greatest temperature
problems; therefore, if temperatures are con-
trolled in the upper reaches of the watershed,

temperature problems in larger downstream
channels will be controlled as well.

Table 3-3 shows the range of some habitat re-
quirements for typical fish.

Large Woody Debris as Fish Habitat
Enhancement

One of the most important functions of the ri-
parian forest buffer is the addition of large
woody debris (LWD) to a stream. LWD is the
natural accumulation of trees, branches and root
wads, at least 10 centimeters (4 inches) in di-
ameter, upon which a large number of aquatic
organisms depend. LWD becomes lodged,
forming pools that are needed by trout for sur-

Table 3-3
Habitat Requirements of Major Families of Fish

Family Oxygen Temperature pH Turbidity Tolerance
Carp >0.5 ppm 70-90° F 7.5-9.0 High
Catfish >4.0 ppm 70-90° F 7.5-9.0 High
Sunfish (in- >5.0 ppm 73-80° F 7.5-8.5 Low-moderate
cluding Bass)

Trout >5.0 ppm 50-60° F 6.0-8.0 Low
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vival: LWD in the form of overha_mging logs, Management Considerations

debris jams, and root wads provides complex ) o _
and shelter to micro- and macro-organisms that the site, but most experts agree that 50 to 100
are eaten by fish. Lack of LWD feet of natural riparian buffer is ade-
results in lower fish numbers, \ 1/ quate to protect water quality and
lower average size, and lowe improve stream conditions for fish
and coldwater fish species ridor of this width also will provide
within 60 feet of a stream, so il = species such as wood ducks, herons,
is imperative that the riparian kingfishers, beaver, muskrat, song-
forest is established if fish birds, pheasants, quail, fox, deer,
habitat is be to maintained > raccoons, turtles, snakes, salaman-
Ideally, streams supporting fist ders, and frogs.

should have 75 to 200 pieces ¢ Careful management of stream cor-

large woody debris per strean ridors can make naturally good
mile. habitat even better. Before designing
Different types of vegetation riparian buffers to enhgnce their
play certain roles in maintaining a healthy value for wildlife populations, land
aquatic habitat. Both the size and type of vege- Managers should consider the following key is-
tation within the riparian area are important in ~ SUes:

creating a productive and stable environment. 1. Which wildlife species are of the great-
Table 3-4 gives benefits of vegetation to aquatic est conservation priority in the region?
ecology.

2. How important would the corridor be as
habitat for those priority species within
the region?

Table 3-4

Benefits of Vegetation on Aquatic Ecology

VEGETATION BENEFITS

Trees and shrubs overhanging the » Shade lowers the water temperature, which improves
stream. the conditions for fish.

* Source of large and fine plant debris.

» Source of terrestrial insects that fish eat.

Leaves, branches, and other debris | ¢ Helps create pools and cover.
in the stream. * Provides food source and stable base for many stream
aquatic organisms.

Roots in the stream bank. * Increases bank stability.

» Creates overhanging bank cover.
Stems and low-growing vegetation » Restarts movement of sediment, water, and debris
next to the watercourse. floating in flood waters.
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3. Can the buffer be enhanced enough to
meet the minimum area requirements of
target wildlife species?

Planting certain types of trees and shrubs can
enhance some areas. For example, pheasants
find wild grapes and dogwood highly desirable,
and quail find certain types of lespedeza desir-
able. The Maryland Department of Natural
Resources - Forest Service sells “conservation
packets” of plant materials through the state
nursery. These packets can be very useful in
riparian buffer enhancement. A variety of tree
species provides a wide array of wildlife food,
dens, roosts, and nesting sites. A combination

Table 3

of tree sizes provides tall, medium, and short
tree heights, with each height serving as specific
habitat for different species of wildlife.

There are many factors to consider when
choosing plant materials for each Zone of the
riparian buffer, depending on the landowner’s
objective and what Zone is being planted. Table
3-5 is a partial list of trees, shrubs, and grasses
that could be planted within the riparian area. It
shows how each benefits wildlife. It is impor-
tant to select vegetation that may be periodically
subjected to flooding. Although this list is not
all inclusive, it lists several plant species that
could be used within the riparian area.

-5

Plant Species That Grow Well in the Riparian Area and Their Value to Wildlife

Common Name Vegetation Type Wildlife Value

River birch tree good; cavity nesting

Black willow tree high; nesting

American beech tree high

Eastern cottonwood tree low

Green ash tree low

Silver maple tree moderate

Red maple tree high; seeds/browse

Sweetgum tree low

Sycamore tree high; cavity nesters

American hornbeam tree low

Bitternut hickory tree moderate; food

Flowering dogwood tree high; food (birds)

Persimmon tree extremely high;
mammals

Boxelder tree low

Baldcypress tree low

Black locust tree low

Pawpaw tree high; fox & opossum
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Common Name

Vegetation Type

Wildlife Value

American holly tree high; food, cover,
nests

Black walnut tree high

Eastern redcedar tree high; food

Yellow-poplar tree low

Sweetbay tree very low

Blackgum or sourgum tree moderate; seeds

Hophornbeam tree moderate

Swamp tupelo tree high

Red bay tree good, food (quail/
bluebirds)

Loblolly pine tree moderate

White oak tree high; food (on well
drained sites)

Overcup oak tree high

Swamp chestnut oak tree high

Water oak tree high

Cherrybark oak tree high

Willow oak tree high; mast

Eastern hemlock tree high; nesting

Southern wax myrtle shrub moderate

Common spicebush shrub high; songbirds

Winterberry shrub high; cover & fruit-
(birds). Holds berries
in winter.

Pussy willow shrub moderate; cover-
(birds) & nectar-
(butterflies)

Sweet pepperbush shrub high

Red-osier dogwood shrub high

Silky dogwood shrub high; mammals &
songbirds

Witch-hazel shrub moderate

Hackberry tree high
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Common Name Vegetation Type Wildlife Value

Buttonbush shrub moderate; (duck/shore
birds) & nectar
(hummingbirds)

Gray dogwood shrub moderate

Hawthorn shrub moderate

American elderberry shrub high; food

Arrowwood viburnum shrub high

Switch grass grass high; cover

Reeds canary grass grass high; cover, drought-
tolerant

Little or big blue stem grass high; cover

Eastern gamagrass grass high; cover

Weeping love grass grass high; cover

Indian grass grass high; cover

Coastal panic grass grass high; cover

NOTE: (For use with the three-zone riparian forest buffer system)

1. Zone 1 has the greatest potential for annual inundation of water and the least moisture stress.

2. Zone 2 has the potential for the greatest moisture stress during the summer, because it could be a steep area sub-

ject to rapid drying.

3. Zone 3 has the greatest variability, because some plant species have naturally adapted to these areas, and the

width could vary greatly.

Grasses integrated as part of riparian forest
buffer systems are often used in Zone 3. There
are many grass species that provide excellent
habitat for birds and other wildlife. Specifi-

cally, many of the warm season grasses (Table
3-6 on the next page) provide this valuable
habitat in the form of brood rearing cover, nest-
ing habitat, and superior winter cover. These
warm season grasses grow upright with some
bare ground in between, which provides over-
head cover for protection, quality nest sites, and
free movement. It also provides more opportu-
nities for food searching in between the clumps
by ground feeding wildlife such as quail. It has

been documented in lowa that switch grass
plantings dramatically increase nesting success
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of both game and song birds. Pheasants built 20
percent more nests in switch grass than in or-
chard grass and alfalfa combination. These
warm season grasses also stand upright under
show, offering more winter cover. It is also im-
portant to note that the management of many of
these warm season grasses requires prescribed
burning every one to three years. Prescribed
burns stimulate insect life, which is valuable
food for chicks, and intense seed set.

Spring is the best time to burn, as the warm sea-
son grasses first reach an inch of new growth—
usually about April 1. This date can vary from
mid-March in a warm spring to mid-April in a
cool spring, and it varies in the Piedmont or
Coastal Plain.



Table 3 -

6

Minimum Planting Rates for Warm Season Grasses in
Zone 3 of the Riparian Forest Buffer

Grass Species Planting rate (Ib/acre)
Switch grass 5*

Big Bluestem 7

Indian grass 7

Coastal Panic grass 8

Weeping Love grass 3**

*Ib is in PLS, which means pounds of pure live seed, not bulk. This is especially
important on fluffy seeds and those with low germination.
**QOften seed is mixed with other grasses or 5 pounds Korean or Kedpedeza.

May and June are the preferred planting months
for warm season grasses. In Coastal Plain areas,
late April is suitable, and some people have
good planting results into the first few days of
July in the Piedmont. Minimum planting rates
are given in Table 3-6.

When planning and maintaining a riparian forest
buffer in a suburban area, the following must be
taken into consideration:

1. Corridors in the suburban landscape fre-
guently are surrounded by commercial,
residential, and industrial developments.
These habitats harbor species that are
predators to forest dwellers, such as cow-
birds, raccoons, and domestic cats.

2. Corridors may already be planted to non-
native species, such as Norway maple, that
can cause the slow deterioration of the
vegetation structure and diversity of the for-
est ecosystem.
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3. The wildlife population in the corridor may
depend on large forest patches for survival
during some portion of its life cycle.

4. The wildlife population densities are natu-
rally low such that they must receive
immigrants in order to survive in isolated
patches.

5. The wildlife population cannot move from
forest patch to patch without an intercon-
necting forest corridor.

In summary, riparian areas vary considerably in
size and vegetation makeup depending on char-
acteristics such as gradient, aspect, topography,
soil type of stream bottom, water quality, eleva-
tion, and plant community. Riparian areas are
used by wildlife more than any other type of
habitat; they are one of the most productive
wildlife habitats in many areas of the Chesa-
peake Bay Watershed.



Aesthetics and Outdoor
Recreation Functions/Values of
Riparian Forest Buffer Systems

Riparian forests enhance the natural beauty of
streams within the Chesapeake Bay Watershed
by increasing their aesthetic value. A variety of
trees and other green vegetation on the land-
scape provides an enjoyable scenic view and
stimulates appreciation of the natural environ-
ment.

Riparian forests, which include streamside man-
agement zones, furnish a variety of recreational
values. An important function of riparian for-

ests is their use as urban area greenway systems -

with linear parks. Greenways, resulting from
establishing riparian forest buffers, will be par-
ticularly advantageous to residents of
Chesapeake Bay urban areas experiencing a
shortage of green space. Riparian forest buffers
offer urban residents an alternative to cement
and concrete and a solace for rest and relaxa-
tion. Increased greenspace improves the overall
quality of life in both rural and urban areas. It
offers people a beautiful natural setting in which
to recreate, socialize, and enjoy all forest re-
sources.

The Pennsylvania Citizen’s Advisory Council
found that the Pennsylvania state forest system
is experiencing a dramatic increase in recrea-
tional use. With demand for recreation
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resources on the rise, riparian forest buffers not
only contribute to natural resource conservation
and clean water, but they also enhance existing
state, county, and municipal park and forest
systems within the Chesapeake Bay Watershed.
Riparian forest buffer establishment serves as
additional greenspaces offering alternative
places for recreational opportunities in the
Chesapeake Bay Watershed. Both watershed
residents and visitors will benefit from an in-
crease in greenspace.

Recreational activities can be a revenue-
generating mechanism for the landowner. Fees,
especially for hunting privileges, are often
charged on a per acre basis and are considered
routine compensation for landowners in the
Chesapeake Bay Watershed. For example, in
Virginia, nearly two-thirds of its citizens over

the age of sixteen participated in wildlife-related
recreation spending $1.1 billion annually.

There are two forms of recreational settings that
occur in riparian areas — developed and dis-
persed. Natural resource managers who
establish riparian forest buffers must consider
the landowner objectives for recreation when
developing and implementing a resource plan.

Some developed recreation areas are designed
specifically to attract visitors to riparian areas.
Developed recreation areas place more emphasis
and reliance on specially improved constructed
facilities to enhance visitor comfort, conven-
ience, and safety. These facilities are usually
concentrated in areas that have easy access.
Developed campgrounds may provide restrooms
and showers, paved roads and drive-ups, desig-
nated camp sites, tent pads, grills, and picnic
tables. These areas have a tendency to attract
more people in a concentrated area. Developed



campgrounds have designated campsites in
close proximity to each other. Many camp-

grounds are designed with vegetation left

between sites providing natural buffer areas, yet
there is little privacy. Developed lakes and riv-

ers feature boat ramps, launches, and fishing
piers. Other examples of developed areas are
ski resorts and golf courses. Occasionally,
highly developed recreational areas feature
visitor centers and contract with concessionaires
to sell food and souvenir items. Developed rec-
reation facilities are provided by public and

private entities. Because of the dependence on
constructed facilities, there are increased im-
pacts to the surrounding area.

Other riparian areas are more suited to, or may
be restricted to, dispersed recreation. In contrast
to developed recreation, dispersed recreational
activities occur over wide areas in a variety of
natural settings, such as entire national, state,
and private parks and forests. Dispersed recrea-
tional activities are more reliant on the use of
natural resources. Facility development is lim-
ited to the extent necessary for visitor safety,
resource protection, general information, and
interpretation. As a result, dispersed recreation
is less disturbing to the surrounding environ-
ment and more conducive to experiences of
solitude and “getting away from it all.” Access
to and within dispersed recreational areas may
be more difficult than for developed recreation
areas. In some dispersed recreation areas, the
roads may be low standard, requiring a four-
wheel drive vehicle. Trails will be non-existent,
or primitive, with little to no maintenance.
Signing is minimal or non-existent. Dispersed
recreation areas may be located farther from
urban areas and require more travel to get to
them.

Riparian forest buffers and streamside manage-
ment zones are suitable for a wide variety of
recreational activities. Landowner objectives
determine the type of recreation and level of
development. It is important to keep in mind
that these areas are in close proximity to streams
and may have fragile vegetation growing that is
not resilient to higher impacts. When deciding
upon the type of recreational use, consider the
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particular environment of the area and plan
accordingly. Recreationists should learn and
practice leave-no-trace, low-impact outdoor rec-
reation principles in order to help protect

riparian areas. Depending on size, location, and
natural features, riparian forest buffers provide a
beautiful natural setting for a wide range of out-
door recreational activities.

Types of Recreation That Occur
in Riparian Forests

Camping and Picnicking

Camping is one of the most popular forms of

outdoor recreation, whether in a developed or
dispersed setting. Campers must be aware of
their impact, especially on streams, and take
steps to avoid disturbing them. Human waste
and garbage negatively impact water quality.

Developed campgrounds are usually intended
for car-camping and generally require more

space and permanent structures, such as
restroom facilities, tent pads, grills, and picnic

tables. The addition of these conveniences will

cause greater disturbance and impact. In ripar-
ian areas, developed campgrounds should be
located on higher, stable ground.

o T R & ’
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Backpacking is a more rugged and primitive
form of camping, allowing the recreationist to
venture into remote forested areas. Backpackers
carry all of their equipment into the forest with
them in specially designed backpacks. They
must be self-sufficient without relying on con-
structed facilities. Backpacking is generally less
disturbing to forested areas, as long as campers
practice leave-no-trace outdoor principles.



Riparian forests also provide a peaceful location
in which to enjoy a picnic with friends and fam-
ily. Picnicking can be as simple as bringing a
picnic basket and a blanket or using designated
picnic areas that provide tables, restrooms, and
garbage facilities.

Cycling, Motorbiking, and ATVs

Cycling is another form of outdoor recreation
and exercise that can be enjoyed within riparian
settings, on lightly used roads, or on appropri-
ately designed trails. Cycling not only provides
a convenient form of travel for exploring beauti-
ful areas, it also increases the heart rate and
tones the lower body. Touring bikes are suitable
for paved road cycling, while mountain and
motorbiking are suitable for more rugged ter-
rain. Driving ATVs is an increasingly popular
recreational activity. Mountain biking, motor-
biking, and ATV driving are higher-impact
recreational activities that contribute to soil loss
and erosion. It is important to find suitable lo-
cations designated for these uses in order to
avoid excessive disturbance and damage to
soils, vegetation, and streams.

Horseback Riding

Horses have become favored recreational ani-
mals. Many people enjoy horseback riding on

trails through forests and parks. Riparian forests
provide an ideal location for a pleasurable

horseback riding experience, either solo or with

family and friends.
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Hunting and Fishing

Because of their close proximity to streams and
a variety of habitat, riparian forests are ideal
locations for hunting, trapping, and fishing.

Hunting and fishing are age-old activities, once
undertaken for survival. Today, many people
enjoy hunting and fishing as recreational activi-
ties.

They allow particicpants to express an inner
natural instinct and to commune with nature on
nature’s terms. Some of the wildlife species
found in riparian forests include: deer, elk,

black bear, wild turkey, grouse, quail, rabbit,

squirrel, raccoon, and waterfowl including

ducks and geese. Many people enjoy fishing,
whether they release the catch or use fish for
food. Riparian forests provide a beautiful and
peaceful access for fishing in streams, ponds,
lakes, bays, or along ocean beaches.

Relaxing

Relaxing is restorative and pleasurable, provid-
ing a respite from hectic schedules and the
everyday pressures of life in an increasingly
fast-paced world. A riparian forested area is a
wonderful location for rest and relaxation. Indi-
viduals who choose riparian areas as a place to
relax, enjoy peace, quiet, and nature will be re-
charged and ready to take on the world again.
The resulting peace of mind can have far-
reaching effects on the whole being. Relaxing
in nature is constructive as well. Reflection in



and communing with nature can be inspira-

tional, enlightening, and enhancing to the

creative processes. Many successful authors
have written popular books about the positive

benefits and effects of their outdoor experi-

ences. Relaxing can be particularly important to
urban communities where a riparian forest can
provide recreation and aesthetic values close to
home.

Walking/Hiking/Running/Roller and
In-Line Skating

Riparian areas provide a natural setting for ex-
ercising and enjoying the pleasures of aerobic
activities. More people are walking, hiking, and
running to improve their overall health and well-
being and to reduce stress. Participation in
aerobic activities within a refreshing riparian
area enhances the emotional and physical bene-
fits. The benefits provide incentive for walkers,
hikers, and runners to engage in regular exercise
programs. Roller blading is becoming a more
popular outdoor recreational activity and a good
way to exercise. Skating, an alternative form of
aerobic exercise, enables recreationists to cover
more miles than simply walking or running.
Riparian areas are a valuable resource in subur-
ban and urban areas where the chances for
outdoor recreation are sometimes limited.

Water Recreation (Motor Boating,
Sailing, Canoeing, Rafting, Kayaking,
and Swimming)

More than half of all outdoor recreational

activities are water-related. This type of recrea-
tion ranges from aesthetic appreciation of water,
to observation of waterfowl and aquatic life, to

activities occurring in the water. Canoeing,

rafting, kayaking, and tubing are increasingly
popular recreational activities, as well as snor-
keling and scuba diving. Rafting tends to be
largely a commercial venture with outfitters

guiding large groups; kayaking is both commer-
cial and private. Although some outfitters do
guide canoe trips, canoeing is a more solitary
activity motivated by the desire for solitude and
a wilderness experience.
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Canoeing, rafting, and kayaking require put-in
and take-out areas. These areas can be wooden
docks, concrete boat ramps, built-up gravel and
sand beds (mini-docks), or a simple grassy area
where use is funneled. These recreationists
usually camp in primitive, designated campsites
along the shore. Some put-in and take-out areas
have shelters, fire rings, and/or picnic tables to
use, depending on the land ownership. Land
along rivers, lakes, and bay shores often has a
combination of owners. Canoeists, rafters, and
kayakers need to know who owns the land they
desire to use, so they can make appropriate ar-
rangements with the landowner(s). Riparian
forests provide access to water-based recreation
and a beautiful backdrop for engaging in the
activities.

Wildlife Viewing, Birdwatching,
Nature Appreciation, Environmental
Study, Wildlife and Nature Photo-
graphy, Collecting for Arts and Crafts

Riparian forests are a natural laboratory for na-
ture appreciation and environmental studies.
Many people enjoy studying and collecting
shells and rocks dispersed along river banks and
lake and bay shores. Wildlife, birds, and water-
fowl are interesting to observe in their natural
settings.




Many people enjoy photographing wildlife as a
hobby or for their professional livelihood. The
outdoors also stimulates creative expression in
writing, drawing, painting, arts, and crafts. Ri-
parian forests are a good place to find natural
materials used in many art and craft projects.
Seeds, nuts, shells, leaves, cones, needles, fi-
bers, plants, woods, and flowers are used to
make wreaths, terrariums, birdhouses, and other
crafts. These are made for personal enjoyment,
gifts, and displays, or for arts and crafts busi-
nesses.

Winter Recreation (Snowmobiling,
Cross-Country Skiing, Ice Skating,
and Snow Shoeing)

Many recreationists enjoy the exhilaration of
winter sport activities. Cross-country skiing, ice
skating, and snow shoeing are relatively low-
impact activities that provide opportunities for
solitude and exercise.  Snowmobiling is a
higher-impact, adventuresome, and social-
orientated activity. Riparian forests provide
another resource for the enjoyment of winter
recreation.

The above mentioned outdoor recreational ac-
tivities can be pursued and enjoyed within
riparian forest buffers or streamside manage-
ment zones. Riparian forest buffers protect and
enhance streams and increase the opportunities
for recreational pursuits in the Chesapeake Bay
Watershed.
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Soils

Introduction

The purpose of this chapter is to provide an un-
derstanding of soils, enabling natural resource
professionals to develop suitable and effective
forest riparian buffers. This chapter discusses
some basic definitions used in soil science and
describes the factors of soil formation. The
Mattapex soil series, found in Baltimore
County, Maryland, serves as a reference to read-
ers throughout the chapter. The Soil Classifica-
tion system is introduced, and several sail
properties essential to forestry are discussed.
The chapter explains soil surveys, so they will
be more useful to foresters and planners. Next,
the chapter examines the importance of hydro-
logic soil groups and

Land Capability Classes and their importance to
forest riparian buffers. Finally, the chapter dis-

cusses how soil relates to establishing a riparian
forest buffer.

Definitions
Soil

The collection of natural bodies on the
earth’s surface, in places modified or even
made by man of earthy materials, containing
living matter and supporting or capable of
supporting plants out-of-doors.

Solum

The upper and most weathered part of the
soil profile; the A and B horizons.

Ped

A unit of soil structure such as an aggregate,
crumb, prism, block, or granule, formed by
natural processes.
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Hydric Soil

A hydric soil is a soil that is saturated,
flooded, or ponded long enough during the
growing season to develop anaerobic condi-
tions in the upper part.

Organic Sall

A soil that contains at least 20 percent or-
ganic matter (by weight) if the clay content
is low and at least 30 percent if the clay
content is as high as 60 percent. These soils
are classified as Histosols.

Mineral Soill

A soil consisting predominantly of, and
having its properties determined predomi-
nantly by, mineral matter. It usually con-
tains less than 20 percent organic matter, but
may contain an organic surface layer up to
30 cm (12 inches) thick.

Factors of Soil Formation

There are 5 factors that determine the develop-
ment of a soil—parent material, climate, vege-
tation, topography, and time.

1. Parent material

loess- wind-blown, silty material derived from
glacial outwash plains. These materials origi-
nally had a high content of weatherable min-
erals and high base saturation.

glacial till - material deposited by action of gla-
ciers and usually unstratified materials or
sediments ranging in particle size from boul-
ders to clay. Itis comprised of materials over
which the glacier passed, and may be identi-



fied by the presence of materials not common
to the local area.

Residuum unconsolidated and partially weath-
ered mineral materials accumulated by the
disintegration of rocks in place. The nature of
the rocks varies by locality and may include
igneous, sedimentary, and metamorphic types.

Colluvium- deposits located at the footslopes of
hills or mountains. It is the result of erosion
and/or gravity and has little or no sorting.

Alluvium- material transported and deposited by
flowing water, either streams or local wash. It
may or may not be related to present streams
or drainageways. It includes material on bot-
toms, terraces, gentle footslopes, and some
depressions. Stratification may be present in
recent deposits.

Unconsolidated Coastal Plain Sediments
materials deposited in both marine and non-
marine environments, but they have not un-
dergone compaction to the extent that they
would be classified as rock. The sediments
are usually stratified and may include materi-
als from boulders to clay size. The Coastal
Plain of the Chesapeake Bay Watershed in-
cludes gravels, sands, silts, and clays.

Eolian Sands sandy material which has accu-
mulated into dune-type topography by wind
action.

2. Climate

Soil Temperature Regime

frigid - The mean annual temperature of the soil
is lower than 47 degrees F, and the difference
between mean summer and mean winter soil
temperature is more than 9 degrees F at 50
cm.

mesic- The mean annual soil temperature is
greater than 47 degrees F, but lower than 59
degrees F, and the difference between mean
summer and mean winter soil temperature is
more than 9 degrees F at 50 cm.

thermic - The mean annual temperature of the
soil is over 59 degrees F, but lower than 72
degrees F, and the difference between mean
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summer and mean winter soil temperature is
more than 9 degrees F at 50 cm.

Soil Moisture Regime

aquic - The aquic moisture regime implies a re-
ducing regime that is free of dissolved oxygen
because the solil is saturated by ground water
or by water of the capillary fringe.

aridic - The aridic moisture regime occurs in
soils that are dry in all parts more than half the
time (cumulative), usually occurring in arid
areas.

udic - The udic moisture regime implies that in
most years the soil is not dry in any part for as
long as 90 days (cumulative).

ustic - This regime is intermediate between the
aridic and udic regime. The concept is one of
limited moisture, but the moisture is present at
a time when conditions are suitable for plant
growth.

3. Vegetation/organisms

Vegetation on the surface of soil protects it from
erosion and desiccation. This vegetation also
moderates soil temperature. Subterranean roots
promote soil aeration. As vegetation dies, it
adds organic matter both to the forest floor and
to the subsurface soil.

Earthworms perform an important function by
mixing and cementing soil into small aggre-
gates, resulting in crumbly structure that affects
air and water permeability.

Microorganisms in the soil decompose organic
matter, decompose and synthesize nitrogenous
compounds, and transform mineral compounds.
These microorganisms include algae, yeasts,
molds, actinomycetes, bacteria, and protozoans.

4. Topography

Within specific geographic regions, many soil

properties are related to topography or relief.
They include: depth of the solum, thickness and
organic matter content of the A horizon, relative
wetness of the profile, color of the profile, de-
gree of horizon differentiation, soil reaction,

temperature, and degree of pan development.



Classes of Soil Slope Gradient

Soil slope is normally measured and expressed
in terms of percentage — the difference in eleva-
tion in feet for each 100 feet horizontal. The
following slope classes have been established:

Ponding of water may occur during and fol-
lowing periods of heavy rainfall. A depres-
sion is not the result of some man-made
structure.

drainageway- A natural or artificial depression

A - nearly level, level — 0 to 3 percent

B - gently sloping, very gently sloping — 3 to
8 percent

C - sloping, strongly sloping — 8 to 15 per-
cent

D - moderately steep — 15 to 25 percent

E - steep — 25 to 35 percent

F - very steep — 35 to 55 percent

G - extremely steep — 55 to 80 percent
Position of Site

Land form on which the soil is located:

flood plain- The flood plain refers to the lowest
level or levels associated with a stream valley
and is sometimes referred to as bottom land,
stream bottom, or first bottom. Sediments
may be stratified. Soils found in a flood plain
normally have little profile development and
are subject to periodic inundation unless pro-
tected by man.

terrace -This refers to a surface level or a level

positioned higher than the active flood plain.

It may be associated with either present or
past streams. Terraces may or may not flood
or show evidence of stratification.

upland - Upland refers to geomorphic land
forms, not otherwise designated, on which
soils are forming in residuum, glacial till, ma-
rine sediments, loess, or mixtures of these
parent materials.

footslope -This refers to the position at the base
of a slope on which colluvium has accumu-
lated. Such colluvial parent materials are be-
lieved to have been transported by gravity
and/or local alluvial action. There is generally
little or no sorting.

depression This term refers to a basin which
has no visible external or surface drainage.
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on the landscape that provides external sur-
face drainage to a microwatershed within the
landscape. It may be found anywhere on the
landscape.

5. Time

There are some soil properties that can be used
to indicate the relative age of a soil. Older soils,
such as Okxisols, have thick B horizons, and
younger soils, such as Entisols, have no B hori-
zon. Most soils turn redder with age, with an
exception for those soils that develop in red par-
ent material. Older soils generally have more
developed structure. Older soils have clay
movement into lower horizons, which is denoted
by a Bt horizon.
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Following is an example soil series descrip-
tion for a soil that occurs in the Chesapeake
Bay Watershed. This description is taken
from the Soil Survey of Baltimore County,
Maryland, written by W. U. Reybold and E. D.
Matthews and published in 1976. This de-
scription will serve as a reference to the
reader as the various soil properties are dis-
cussed.

Mattapex Series

The Mattapex series consists of deep, moder-
ately well drained, nearly level to gently
sloping soils on uplands of the Coastal Plain.
These soils formed in old deposits of silty
material underlain by older, coarser textured
sediment. The native vegetation is mixed
hardwoods that tolerate wetness.

In a representative profile the surface layer is
dark grayish-brown silt loam about 9 inches
thick. The subsoil, about 27 inches thick, is
yellowish-brown and dark yellowish-brown
silty clay loam and silt loam that is mottled in



the lower part. The underlying material is
yellowish-brown mottled silt loam.

Mattapex soils are fairly easy to work, but at
times in spring they are not dry and warm
soon enough for early planting. Artificial
drainage is needed for some crops, especially
in the more nearly level areas. These soils are
strongly acid to very strongly acid and have a
high available moisture capacity. Permeabil-
ity is moderately slow. Seasonal wetness and
impeded drainage impose moderate to severe
limitations on Mattapex soils for many non-
farm uses. Erosion is a moderate hazard in
sloping areas.

Representative profile of Mattapex silt loam, 2
to 5 percent slopes, in a cultivated area on
Holly Neck Road, one mile east of Back River
Neck Road:

In the A horizon, the value ranges from 3 to 5
and the chroma from 1 to 4. The lower value is
in undisturbed Al horizons less than 6 inches
thick, and the highest chroma is in undisturbed
A2 horizons.

In the B horizon, the value ranges from 4 to 6
and the chroma from 4 to 8. Mottles that have
chroma of 2 or less occur in the lower part of
the Bt horizon and in the B3 horizon. The Bt
horizon is silt loam or silty clay loam that is 18
to 30 percent clay.

The C horizon is similar to the B3 horizon ex-
cept that it lacks structure. In some profiles a
IIC horizon of highly contrasting coarser texture
replaces the C horizon. Fine smooth pebbles
are in the 1IC horizon in places.

The solum ranges from about 30 to 40 inches in
thickness.

Mattapex soils resemble Delanco and Wood-
stown soils in color and drainage but are more
silty in the solum. They are deeper to bedrock

Ap--0 to 9 inches, dark grayish-brown (10YR
4/2) silt loam; moderate, medium, granular
structure; friable, slightly sticky; many roots;
strongly acid; clear, smooth boundary.

B21t--9 to 17 inches, yellowish-brown (10YR
5/4) light silty clay loam; weak, fine, subangular
blocky structure; friable, slightly sticky and
slightly plastic; common roots; distinct clay
films; very strongly acid; gradual, wavy bound-
ary.

B22t--17 to 26 inches, yellowish-brown (10YR
5/6) heavy silt loam; common, medium, distinct
mottles of light brownish gray (10YR 6/2) and
few, fine, faint mottles of strong brown (7.5YR
5/8); weak, medium, subangular blocky struc-
ture; friable to firm, slightly sticky; few roots;
distinct but discontinuous clay films; very
strongly acid; gradual wavy boundary.

B3--26 to 36 inches, dark yellowish-brown
(10YR 4/4) silt loam; common, coarse, distinct
mottles of pale brown (10YR 6/3) and light
brownish gray (10YR 6/2); weak, medium,
subangular blocky structure; friable to firm,
slightly sticky; faint clay films in upper part; very
strongly acid; gradual, wavy boundary.

C--36 to 72 inches, yellowish-brown (10YR 5/8)
silt loam; many, coarse, prominent mottles of
gray or light gray (10 YR 6/1); massive; firm;
distinctly gritty with fine sand; very strongly acid.

Hue throughout the profile is either 10 YR or
2.5Y.
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than Delanco soils and are less sandy through-
out the profile than Woodstown soils. Mattapex
soils formed in the same kind of silty material as
the Matapeake, Beltsville, Barclay, Leonard-
town, and Othello soils.

Mattapex silt loam, 0 to 2 percent slopes
(MIA). The profile of this soil is similar to
the one described as representative of the se-
ries, but the lower part of the subsoil generally
is mottled with lighter gray colors. Impeded
drainage is the principal limitation to use and
management. Where drainage is improved, it
is well suited to cultivated crops and im-
proved pasture. The choice of plants is more
restricted in undrained areas. Capability unit
llw-1; woodland subclass 3o.

Mattapex silt loam, 2 to 5 percent slopes
(MIB). This soil has the profile described as
representative of the series. Included in map-
ping are a few moderately to severely eroded
areas, and a few areas of soils that have slopes
of more than 5 percent. The soil has good
surface drainage and does not need drainage
improvement for many crops. The hazard of
erosion is moderate in tilled areas. Capability
unit lle-16; woodland subclass 3o.



Mattapex-Urban land complex, 0 to 5 per-
cent slopegMmB). This complex consists of
soils of the Mattapex series that have been
graded, cut, filled, or otherwise disturbed for
nonfarm uses. Included in mapping are some
areas where the subsoil is less silty but more
sandy than is typical of Mattapex soils.

In about 35 percent of the area of this com-
plex, the soils are relatively undisturbed. In
about 40 percent of the complex, the soils
have been covered by as much as 18 inches of
fill material, or they have had as much as two-
thirds of the original profile removed by cut-
ting or grading. The remaining 25 percent of
the complex is urban land, where the soils
have been covered by fill material to a depth
of more than 18 inches, or most of the profile
or all of it has been cut or graded away. The
fill material is variable, but it generally is
from adjacent areas of the same kinds of soils.
Roads, streets, sidewalks, and buildings make
up a large part of the complex.

Except where fill materials are deep, seasonal
wetness limits the suitability of this complex for
building sites, septic tanks, and other nonfarm
uses. The soil materials, and most fill materials,
are fairly suitable for lawn grasses, ornamental
shrubs, and other vegetation. In deeply filled or
cut areas, suitability of the soil materials must
be determined locally at each site. Capability
unit and woodland subclass are not assigned.
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Soil Classification

In the example of Mattapex soil series, the taxo-
nomic name of the soll is:

Fine-silty, mixed, mesic Aquic Hapludults

Another example, taken from Section I,
Physiographic Provinces, is:

Sandy-skeletal,
chrepts

mixed, mesic Typic Dystro-

Categories of soil classification from broadest to
most specific are as follows:

1. Order - 10 in the U.S. Order indicates the
presence or absence of diagnostic horizons
(epipedon). The order name is carried on
through the whole system. The order of the
Mattapex soil is Ultisols. The order from the
Section Il example is Inceptisols.

Suborder - These are broken down by dif-
ferences in wetness in a soil, soil moisture
regime, parent material, and vegetational ef-
fects. The suborder of the Mattapex series is
Udults. The suborder of the Section Il ex-
ample is Ochrepts.

3. Great Group - This category denotes degree
of expression of horizons. If it is used here,
it has not been used in the preceding catego-
ries. Soil temperature and moisture regime
may be at this level. The great group of the
Mattapex soil is Hapludults. The Great
Group of the Section Il example is Dystro-
chrepts.

4. Subgroup- The subgroup of the Mattapex
soil is Aquic Hapludults. The Subgroup of
the Section Il example is Typic Dystro-
chrepts. There are three types of subgroups:

typic - typical-within center of range of proper-
ties for the soil

intergrade- intergrades to another great group,
suborder, or order

extragrade- soils that are not typical. They
have a property that differs from the typical.

5. Family - This category is related to agricul-
ture and plant growth. It has four parts:

1) particle size

2) texture group

3) soil temperature

4) soil reaction, in some cases

Using the Mattapex series, fine-silty is the
particle size, and mixed indicates mineral-
ogy. In the Dystrochepts example, sandy-
skeletal is the particle size. Mixed is the
mineralogy, and mesic indicates the soil tem-
perature.



6. Soil Series A series is a group of soils that
have similar horizons. Characteristics such
as horizon arrangement, kind, and thickness
distinguish one series from another. Addi-
tional soil characteristics such as soil struc-
ture, color, texture, and reaction also help to
differentiate between series.A series is
named for the community near where it was
first described, and can be thought of as the
common name of the soil.

Soil Characteristics

In order to fully utilize a soil survey, a compre-
hensive understanding of several soil character-
istics is important. It is imperative to analyze
the soils in the area prior to developing forest
riparian buffers. The characteristics discussed
in the next section must be considered before
any management activities are planned. Most of
them will be evaluated from the soil survey.

Soil Profile

The soil profile is a cross-sectional view of all
the soil horizons, the natural organic layers at
the soil surface, and the parent material beneath
the soil that influences the formation and be-
havior of the soil.

Soil Horizons

A soil horizon is defined as a layer of soil, ap-

proximately parallel to the soil surface. The

soil-forming process determines its charac-
teristics. Master horizons are designated by the
capital letters O, A, B, C, E and R.

O - organic horizons of mineral soils are: (1)
formed or forming in the upper part of min-
eral soils above the mineral part; and (2)
dominated by fresh or partly decomposed
organic material.

A - mineral horizons that formed at the surface
and (1) are characterized by an accumula-
tion of humidified organic matter intimately
mixed with the mineral fraction and not
dominated by properties characteristic of E
or B horizons (defined below), or (2) have
properties resulting from cultivation, pas-
turing, or similar kinds of disturbance.
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E - mineral horizons in which the main feature
is loss of silicate clay, iron, aluminum, or
some combination of these, leaving a con-
centration of sand and silt particles of quartz
or other resistant minerals.

B - horizons formed below an A or E horizon
and dominated by obliteration of all or much
of the original rock structure and by:

(1) illuvial concentration of silicate clay,
iron, aluminum, humus, carbonates,
gypsum, or silica;

(2) evidence of removal of carbonates;
(3) residual concentrations of sesquioxides;

(4) coatings of sesquioxides that result in a
different color from horizons above or
below;

(5) alteration that forms silicate clay or lib-
erates oxides or both and that forms
granular, blocky, or prismatic structure;
or

(6) any combination of these.

C - horizons, excluding hard bedrock, that are
little affected by soil-forming properties,
and lack properties of the above horizons.

R - hard bedrock.

Horizons may be followed by subhorizon sym-

bols, designated by a lower case subscript.
Symbols that the natural resource manager
should recognize when planning a riparian for-

est buffer include:

g - strong gleying This symbol is used to indi-
cate either that iron has been reduced and
removed during soil formation or that satura-
tion with stagnant water has preserved a re-
duced state. This may indicate a hydric soil
and/or a wetland.

p - plowing or other disturbance This symbol
is used to indicate disturbance of the surface
layer by cultivation, pasturing or similar
uses. The Ap horizon is very common in the
Chesapeake Bay Watershed.



t - accumulation of silicate clay This symbol
is used to indicate an accumulation of silicate
clay that either has formed in the horizon or
has been moved into it by illuviation.

x - fragipan character. This symbol is used to
indicate firmness, brittleness, or high bulk
density. Few or no tree roots are able to
penetrate this horizon.

Generally, forest soils have O, A, E, B, and C
horizons.

Grassland Forest
A O
AB A
B E
C B
C
Soil Depth

In humid regions, such as the Chesapeake Bay,
soil depth is classified as follows:

Very shallow 0 - 10 inches
Shallow 10 - 20 inches
Moderately deep or

moderately shallow 20 - 40 inches
Deep 40 - 60 inches
Very deep 60+ inches

Comparison of Grassland and Forest Soils

The base status is greater and pH is higher in
grass soils, due to less leaching. Organic matter
is greater in forest soil near the surface, but it
reaches a greater depth in grasslands because of
a greater abundance of fibrous roots. Evapo-
transpiration is lower in the forest. Clay content

is greater in forest soils because of greater
leaching. The A horizon is thicker in grass-
lands.

The denitrification process generally occurs in

the first 5 inches of the soil. Refer to the glos-

sary of the particular soil survey that is being

used to determine exact depth classes. Not
every soil survey will contain a glossary.

Depth to Bedrock

The depth to bedrock is expressed in inches. If
bedrock is present within a depth of 60 inches
from the surface, it will be a factor on the soil
survey. The hardness of bedrock is classified as
follows:

Soft bedrock is so soft or fractured that ex-
cavations can be made usually with trenching
machines, backhoes, or small rippers.

e Hard bedrock is so hard and massive that
blasting and special equipment is needed to
excavate.

The depth to bedrock generally indicates the
depth of soil material favorable for root growth.
Even though this layer will tend to inhibit root
growth, roots may penetrate soft or fractured



bedrock. If bedrock is hard or massive, rooting
will be restricted almost completely. Soils that
are shallow to bedrock have a low or very low
available water capacity, high windthrow haz-
ard, and moderate seedling mortality.

Soil Color

e Soll color is written in Munsell notation, in
order of hue, value, and chroma.

 Hue is the dominant rainbow color; it is re-
lated to the dominant wavelength of light.
Hue may be R for red, YR for yellow-red
(orange) or Y for yellow.

» Value refers to the relative lightness of color
and is a function of the total amount of light.
Value ranges from O (black) to 10 (white).

100

» Chroma is the relative purity or strength of
the spectral color and increases with de-
creasing grayness. It ranges from O for neu-
tral grays to 20, which is never seen in soils.

The color of the Ap horizon in the Mattapex soll
is 10YR 4/2 10YR is the hue, 4 is the value, 2
is the chroma.

Soil Texture (figure 4-1)

In the preceding example, Mattapex has a silt
loam texture. Solil texture refers to the propor-
tions of clay, silt, and sand below 2 millimeters
in diameter contained in mineral soil. A silt
loam contains 50 percent or more silt and 12 to
27 percent clay (or) 50 to 80 percent silt and less
thanl2 percent clay.

\ /
silty clay
loam

\/«%

2 ® @ ° ® S % > Z
percent sand
<«

Figure 4-1. Texture Triangle. Soil Survey Manual, 1993.
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In organic soils, muck, peat, mucky peat, and 2: moderately durable peds
peaty muck are used in place of the textural

) . 3: strong, durable peds
class names of mineral soils.

Coarse Fragments Soil structure types is a classification of soll
structure based on the shape of the aggregates or
peds and their arrangement in the profile. There
are four types:

Soils that have rocks or stones larger than very
coarse sand use adjectives in the texture to de-
scribe the size and shape of the coarse frag-
ments. Coarse fragments reduce the water Spheroidal(granular and crumb subtypes). All

holding capacity of the soil. They influence rounded peds or aggregates are placed in this
infiltration, runoff, and tree root growth. They category. These rounded complexes usually
provide little or no soil fertility. lie loosely and are readily shaken apart. Usu-

ally the aggregates are called granules and the

Thin, flat fragments: pattern granular, however, when the granules

» channery are especially porous, the term crumb is ap-
« flaggy plied. This type of structure is characteristic
* stony of a furrow slice and is subject to wide and
« slaty rapid changes. It is especially prominent in
« shaly grassland soils and is the only type that is
commonly influenced by practical methods of
Rounded fragments: soil management. The Ap horizon of the
« gravelly Mattapex soil has granular structure.
* cobbly Plate-like (platy). In this structural type the
* stony or bouldery peds are arranged in relatively thin horizontal
* cherty plates, leaflets, or lenses. Platy structure is

most noticeable in the surface layers of virgin

soils, but may characterize the subsoil hori-
Solil structure is the combination or arrangement zons as well. Although most structural fea-

Soil Structure

of primary soil particles into secondary parti- tures are a product of soil-forming forces, the
cles, units, or peds. These secondary units may  platy type is often inherited from the parent
be, but usually are not, arranged in a profile in materials, especially those laid down by water
such a manner as to give a distinctive charac- orice.

teristic pattern. The units are characterized and
classified on the basis of size, shape, and degree
of distinctness into classes, types, and grades,
respectively.

Prism-like (columnar or prismatic subtypes).
These subtypes are characterized by vertically
oriented aggregates or pillars that vary in
length with different soils. They occur in

Soil structure classes group soil structural units some poorly drained soils of humid areas.

or peds on the basis of size. Sizes range from  When the tops of prisms are rounded, the term

very fine to very coarse. columnar is used. When the tops of the
. _ . prisms are still plane, level and clean cut, the
Soil structure grades classify soil structure on structural pattern is designated prismatic.

the basis of inter- and intra-aggregate adhesion, _
cohesion, or stability within the profile. Four  Block-like (blocky and subangular blocky sub-

grades of structure, designated from 0 to 3, are types). In this case the original aggregates

recognized. have been reduced to blocks, irregularly six-
_ faced, with their three dimensions more or

0: structureless-no observable aggregation  |ess equal. When the edges of the cubes are

1: weakly durable peds sharp and the rectangular faces distinct, the

subtype is designated blocky. When sub-
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rounding has occurred, the aggregates are re-
ferred to as subangular blocky. These types
usually are confined to the subsoil, and their
stage of development and other characteristics
have much to do with soil drainage, aeration,
and root penetration. The B22t horizon of the
Mattapex soil has subangular blocky structure.

Moist Consistence

Consistence is the feel of the soil and the ease
with which a lump can be crushed by the fin-
gers. Terms commonly used to describe con-
sistence are:

loose- noncoherent when dry or moist; does not
hold together in a mass.

friable - when moist, crushes easily under gentle
pressure between thumb and forefinger and
can be pressed together in a lump (Ap horizon
of Mattapex soil).

firm - when moist, crushes under moderate pres-
sure between thumb and forefinger, but resis-
tance is distinctly noticeable.

plastic - when wet, readily deformed by moder-
ate pressure, but can be pressed into a lump;
will form a “wire” when rolled between
thumb and forefinger.

sticky- when wet, adheres to other material and
tends to stretch somewhat and pull apart rather
than to pull free from other material.

Redoximorphic Features

In most soil surveys, these features are referred
to as mottles. The term mottles and low chroma
colors have been replaced in Soil Taxonomy by
redoximorphic features. These features are
formed by the processes of reduction, transloca-
tion, and oxidation of iron and manganese ox-
ides. The following kinds of redoximorphic
features have been identified for use in modern
profile descriptions.

redox concentrations bodies of an apparent
accumulation of iron and manganese oxides.
These take the form of firm nodules, reddish
mottles, or pore linings.
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redox depletions bodies of low chroma having

values of 4 or more where iron-manganese
along ped faces hasbeen stripped out.

reduced matrices soil matrices that have a low

chroma color in situ because of the presence
of iron, but whose color changes in hue or
chroma when exposed to air.

Examples of soil with description of redoximor-
phic features:

» Very few thin, faint, yellowish-red (5YR 5/8)
pore linings along 1 mm diameter root chan-
nels.

* Medium, dark brown (7.5 YR 3/2 and 4/4) Fe
nodules with sharp boundaries; many fine,
few coarse, distinct strong brown (7.5 YR
5/6) Fe depletions along ped surfaces and
some root channels.

In the Mattapex example, the B22t horizon has
common, medium, distinct mottles of light

brownish gray (10YR 6/2) and a few, fine, faint
mottles of strong brown (7.5YR 5/8).

Soil Reaction, pH

The strength of soil acidity or alkalinity is ex-
pressed in pH — the logarithm of the reciprocal
of the H-ion concentration. A pH of 7 is neu-
tral; soils range in pH from 3.5 to 9.5. The terms
used in soil descriptions to describe the base
status of the soil correspond to the following:

Extremely acid below 4.5
Very strongly acid 45-5.0
Strongly acid 5.1-5.5
Medium acid 5.6-6.0
Slightly acid 6.1-6.5

Neutral 6.6-7.3

Mildly alkaline 7.4-7.8

Moderately alkaline 7.9-8.4
Strongly alkaline 8.5-9.0
Very strongly alkaline 9.1 & higher

Mattapex soils are strongly acid to very strongly
acid.



Cation Exchange Capacity

Cation exchange capacity (CEC) is the capacity
of a solil to retain nutrient cations in a form that

can be used by trees. It is the sum total of the
exchangeable cations that a soil can absorb.
Finer-textured soils tend to have a higher CEC
than sandy soils. Also, the amount of organic
matter and the amount and kind of clay influ-

ence the CEC. As pH rises, the CEC is larger.

Shrink-Swell Potential

The shrink-swell potential is defined as the po-
tential for a soil to change volume as it loses or
gains moisture. Shrink-swell potential is classi-
fied as:

* Low

* Medium

e High

* Very high
The shrink-swell potential is determined by the
amount and kinds of clays present in the soil and
the magnitude of soil moisture change. On sites
with high or very high shrink-swell potential,
the use of heavy logging equipment may be re-

stricted, and seedling mortality may result, due
primarily to frost heaving.

Bulk Density

Bulk density is the weight of the soil solids per
unit volume of the total soil. It is the weight per
unit volume of oven-dried soil expressed in
grams per cubic centimeter. Bulk density a
measure of the total pore space in a soil. Soils
that are loose and porous have low values and
those soils that are compacted have high values.
Sandy soils generally will have higher values
than silty and clayey soils. Undisturbed forest
soils will have lower bulk densities in the sur-
face than the same soils in a cultivated field.
Bulk densities of forest soils range from 0.2
grams per cubic centimeter in some organic
soils to 1.9 grams per cubic centimeter in coarse
soils, with 1 to 1.3 an average range. The bulk
density of rock is 2.65 grams per cubic centi-
meter.
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Soils with high bulk densities can limit rooting
and plant growth. Shallow rooting depths in
forests can increase the chance of windthrow.
Compacted soil horizons are those that are natu-
rally dense, such as fragipans, firm glacial till,
and duripans. Bulk densities of 1.75 grams per
cubic centimeter for sands and 1.55 for clays
can restrict root penetration and water storage.

Bulk density is influenced by texture, content of
organic matter, soil structure, and type of clays
present. Bulk density is an indicator of porosity,
the degree of aeration, and the infiltration rate of
the soll.

Mycorrhiza

Practically all tree roots form close mycorrhizal

associations with fungi, either around root cells
or in root cells themselves. Mycorrhizae en-
hance the tree’s ability to obtain water and nu-
trients by increasing the surface area of the
tree’s roots.

Forest nurseries now infect tree seedlings with
specific mycorrhizal fungi. CommonlyPi-
solithus tinctorius (Pt)s used for inoculation of
bare-root tree seedlings. Tree species inocu-
lated successfully include Eastern white pine,
Virginia pine, shortleaf pine, and red and white
oak.

Soil Characteristics Relating to
Hydrology

Permeability

Soil permeability is that quality of the soil that

enables it to transmit water or air. It is meas-
ured in terms of rate of flow of water through a
unit cross section of saturated soil in one hour,
under specified temperature and hydraulic con-
ditions.

Classes of soil permeability vary by state. The
following sets of relative classes are taken from
the USDA Soil Survey Manual.



Possible Rates in Inches per Hour

Slow
very slow less than 0.05
slow 0.051t0 0.20
Moderate
moderately slow 0.20t0 0.80
moderate 0.80to 2.50
moderately rapid 2.50 to 5.00
Rapid
rapid 5.00 to 10.00
very rapid over 10.00

Mattapex soils have moderately slow perme-
ability.

Runoff

Runoff, sometimes called surface runoff or ex-
ternal soil drainage, refers to the relative rate
that water is removed by flow over the surface
of the soil. This includes water falling as rain as
well as water flowing onto the soil from other

soils. Six classes are recognized on the basis of

the relative flow of water from the soil surface
as determined by the characteristics of the soil
profile, soil slope, climate, and vegetative cover.

ponded None of the water added to the soil as
precipitation, or by flow from surrounding
higher land, escapes as runoff. Ponding oc-
curs in depressions.

very slow -Surface water flows away so very
slowly that free water lies on the surface for
long periods or enters immediately into the
soil. Soils with very slow surface runoff are
commonly level or nearly level.

slow - Surface water flows away so slowly that
free water covers the soil for significant peri-
ods or enters the soil rapidly, and a large part
of the water passes through the profile or
evaporates into the air. Soils with a slow rate
of surface runoff are either nearly level or
very gently sloping, with little or no erosion
hazard.

medium -Surface water flows away at such a
rate that a moderate proportion of the water
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enters the soil profile, and free water lies on

the surface for only short periods. With me-

dium runoff, the loss of water over the surface
does not reduce seriously the supply available
for tree growth. The erosion hazard may be
slight to moderate if soils of this class are cul-
tivated.

rapid - A large proportion of precipitation

moves rapidly over the surface of the soil, and
a small part moves through the soil profile.
Surface water runs off nearly as fast as it is
added. Soils with rapid runoff are usually
moderately steep to steep and have low infil-
tration capacities. The erosion hazard is
commonly moderate to high.

very rapid - A very large part of the water

moves rapidly over the surface of the soil and
a very small part goes through the profile.
Surface water runs off as fast as it is added.
Soils with very rapid rates of runoff are usu-
ally steep or very steep and have low infiltra-
tion capacities. The erosion hazard is
commonly high or very high.

Available Water Capacity

Available water capacity is defined as the
amount of water that can be stored by the soil
for plant use. Available water is the moisture
content of the soil between wilting point and
field capacity. Wilting point is reached when all
soil moisture held by soil particles is held so
tightly that it cannot be taken up by plants. At
wilting point, most plants will wilt steadily and
never recover. Field capacity is the point at
which the soil is so saturated that water begins
to move by force of gravity. It is commonly
expressed as inches of water per inch of soll,
expressed as:

Very low.......cccvvvvevennnnns 0to 2.4 inches
LOW..oiiiiiiiiiieeeeee s 2.4 10 3.2 inches
Moderate..................... 3.2t0 5.2 inches
[ [To | o W more than 5.2 inches

In soil surveys, the available water capacity will
be described in the section called “General Soil



Map Units” and/or under the soil series descrip-
tions.

(Barclay,
Tygart)

Kelly, Lenoir, Orrville, Toms,

moderately well drained Water is removed

from the soil somewhat slowly so that the pro-
file is wet for a small, but significant, part of
the time. Moderately well drained soils com-
monly have a slowly permeable layer within
or immediately beneath the solum, a relatively
high water table, or additions of water through
seepage. Among forest sites, moderately well
drained soils have uniform colors in the A and
upper B horizons, with mottling in the lower
B and in the C horizons. (Aldino, Beltsville,
Buchanan, Captina, Clarksburg, Codorus,
Delanco, Ernest, Glenville, luka, Lindside,
Lobdell, Mattapex, Monongahela, Simoda,
Woodstown)

Natural Soil Drainage (figure 4-2)

Natural drainage refers to the frequency and
duration of periods of saturation or partial satu-
ration during soil formation. Natural drainage
conditions are usually reflected in soil morphol-
ogy. Seven classes of soil drainage are used in
soil descriptions and definitions to describe the
natural drainage under which the soil occurs.
Examples of Chesapeake Bay Watershed soll
series of each drainage class are shown in pa-
rentheses.

very poorly drained water is removed from the

soil so slowly that the water table remains at
or on the surface most of the time. Soils of
this drainage class usually occupy level or de-
pressed sites and are frequently ponded. Very
poorly drained soils in forests commonly have
dark-gray or black surface layers and are light
gray, with or without mottles, in deeper parts
of the profile. (Dunning, Pocomoke, Purdy)

well-drained -A well-drained soil has “good”
drainage. Water is removed from the soil
readily but not rapidly. Well-drained soils are
commonly intermediate in texture, although
soils of other textural classes may also be well
drained. On forests, well-drained soils are

poorly drained- water is removed so slowly that free of mottles (except for fossil gley), and ho-

the soil remains wet for a large part of the
time. The water table is commonly at or near
the surface during a considerable part of the
year. Poorly drained conditions are due to a
high water table, to a slowly permeable layer
within the profile, to seepage, or to some
combination of these conditions. In forests,
poorly drained soils may be light gray from

the surface downward, with or without mot-

tles. (Baile, Elkton, Fallingston, Hatboro,
Leonardtown, Melvin, Othello, Trussel,
Watchung)

somewhat poorly drained Water is removed

from the soil slowly enough to keep it wet for
significant periods, but not all the time.
Somewhat poorly drained soils commonly
have a slowly permeable layer within the pro-
file, a high water table, and additions through
seepage or rainfall. Under forest conditions,
these soils are uniformly grayish, brownish, or
yellowish in the upper A horizon and com-
monly have mottles below 6 to 16 inches in
the lower A and in the B and C horizons.
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rizons may be brownish, yellowish, grayish, or
reddish. They may be mottled deep in the C
horizon or below depths of several feet. Well-
drained soils commonly retain optimum
amounts of moisture for tree growth after
rains. (Allegheny, Baltimore, Belmont, Berks,

Blackthorn, Calvin, Caneyville, Cateache,
Chagrin, Chester, Chillum, Christiana,
Chrome, Comus, Conestoga, Dekalb,
Edgemont, Edom, Elliber, Elioak, Elsinboro,
Fort Mott, Gauley, Glenelg, Hagerstown,

Hazleton, Hollinger, Joppa, Laidig, Legore,
Lehew, Mandy, Massanetta, Matapeake,
Montalto, Neshaminy, Opequon, Relay, Sas-
safras, Shouns, Sunnyside, Tioga, Weikert)

somewhat excessively drainedWater is re-

moved from the soil rapidly. Some of the
soils are stony and shallow. Many of them
have little horizon differentiation and are
sandy and very porous. Among forests,
somewhat excessively drained soils are
brown, yellow, gray, or red. (Brandywine,
Galestown, Joppa, Manor, Mt. Airy, Potomac)



excessively drainedWater is removed from the
soil very rapidly. Excessively drained soils
are commonly shallow, and may be steep, very
porous, or both. In forests, these soils are
commonly brownish, yellowish, grayish, or
reddish in color and free of mottles throughout
the profile. (Rushtown)

Flooding

The frequency of flooding is classified as fol-
lows:

none- Flooding is not probable.

rare - Flooding is unlikely, but possible un-
der unusual weather conditions.

occasional Flooding is expected to occur on
average less frequently than once in two
years (5 to 50 times in 100 years).

frequent- Flooding is expected to occur on
average more frequently than once in two
years (more than 50 times in 100 years).

Duration is expressed as:

very brief- The soil is flooded less than two
days.

rief - The soil is flooded from two to seven

days.

long - The soil is flooded from seven days to
one month.

very long- The soil is flooded longer than
one month.

Information Necessary to
Establish Riparian Forest
Buffers

To determine the width of riparian forest buffers
an evaluation of the soil survey, hydrologic soil
groups, and the land capability class are essen-
tial. The final sections of this chapter will help
the land manager get the best use from the soll
survey, and describe hydrologic soil groups,
land capability classification, and soil properties
as they apply to riparian forest buffers.

The Soil Survey

Forest planning begins with the soil survey.
Soil surveys have been evolving for decades, so
the information presented in each one will vary
depending on the knowledge that was available
at the time the survey was written. This chapter
cannot cover all the various taxonomic and

Well Drained

Moderately Well Drained

(Usually one or

the other, not both) ——> Somewhat Poorly Drained

Poorly Drained

Figure 4 - 1. The position of the soil on a slope determines its drainage class.
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ecological changes that have occurred in surveys
over the years, but examples will be used to dis-
cuss and interpret information that foresters will
most commonly use in a soil survey. Some of
this information is presented quite well in some
of the Chesapeake Bay Watershed’'s surveys,
while it is completely absent from others.

Most soil surveys have a table called “Factors
affecting woodland management,” or “Wood-
land management and Productivity,” or a similar
title (see Table 4-1). There are several things a

Table 4 -1

manager needs to know to make the best use of
such a table.

Ordination System

The NRCS uses a national system of labeling
individual soils to determine the potential pro-
ductivity and the principal soil properties in re-
lation to any hazards or limitations of that soil.
This is called the ordination system. It has three
levels: _Class, designated by a number; Subclass
designated by a letter; and Group, designated by
a number. The three-part symbol is called a
woodland suitability group. The class and sub-
class symbols are called ordination symbols.

(A portion of Table 3. Factors Affecting Woodland Management.
Excerpted from the Baltimore County Soil Survey)

Site
Index
Soil Woodland Management Concerns Mixed Preferred Species
Series Subclass Oaks
Erosion | Equipment| Seedling | Windthrow | Conifer Hardwoods In exist- For
Hazard | Limitation | Mortality | Hazard Competi- | Competi- ing Stands| planting
tion tion
Mattapex 30 slight slight slight slight moderate slight to 70-80 | red oak, | loblolly
to severe | moderate yellow- pine,
poplar, white
sweetgum | pine,
sweetgum

Class- This is the first element in ordination,
and it is a number that denotes potential pro-
ductivity in terms of cubic meters of wood per
hectare.

1-1 cubic meter per hectare per year (14.3
cubic feet per acre)

2-2 cubic meters per hectare per year (28.6
cubic feet per acre)

10-10 cubic meters per hectare per year
(143 cubic feet per acre)
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In modern surveys, class and potential produc-
tivity are rated as follows:

1 — low potential productivity
2 and 3 — moderate

4 and 5 — moderately high

6 to 8 — high

9to 11 — very high

12 or more — extremely high



Note: This is opposite of older surveys. Using our
example of Baltimore County, class 1 is very high
productivity and class 6 are soils of such low produc-
tivity that they are of little or no economic value for
trees. Be very careful in reading each soil survey
woodland section so that the tables are correctly in-
terpreted. The Baltimore County system is more
common than the correct modern system.

Subclass This is the second element in ordina-
tion and is indicated by a capital letter.

R - relief or slope steepness. Soils with restric-
tions or limitations for forest land use or
management because of steepness or slope.

X - stoniness or rockiness. Soils having restric-
tions or limitations for forestry because of
stones or rocks.

W - excessive wetness. Soils in which excessive
water, either seasonally or year-round,
causes significant limitations for forest land
use or management. These soils have re-
stricted drainage, high water tables, or over-
flow hazards that adversely affect either
stand development or management.

T - toxic substances. Soils that have within the
rooting zone excessive alkalinity, acidity,
sodium salts, or other toxic substances that
limit or impede development of desirable
tree species.

D - restricted rooting depth. Soils with restric-
tions or limitations for forestry because of
shallowness, hard rock, hardpan or any layer
that restricts root growth.

C - clayey soils. Soils having limitations for
forestry because of the kind or amount of
clay in the upper portion of the soil profile.

S- sandy soils. Dry sandy soils with little or no
textural B horizons or having moderate to
severe restrictions for forestry. These soils
impose equipment limitations, have low
moisture holding capacity, and are normally
low in available plant nutrients.

F - fragmental or skeletal soils. Soils with
limitations for forestry because the profile
reveals large amounts of coarse fragments
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that are more than 2mm and less than 10
inches.

A - soils with no significant limitations for for-
estry.

Note: In many soil surveys, this letter will be small in
the tables. In the Baltimore County example, the
woodland subclass for Mattapex silt loam, 2 to 5 per-
cent slope is 30. Three indicates the soil has medium
productivity (site index of 65 to 75) and o indicates it
has no limitations. Notice that o is no longer in use.

Soil descriptions may not be useful if the re-
source manager does not know what soil survey
they are from and what the numbers actually
mean.

Group - Unlike Class and Subclass, there is no
national meaning attached to the group number.
The group number is used to present soil map-
ping units that respond similarly. A woodland
suitablity group is composed of soils with simi-
lar productivity potential and capability and
similar management needs.

Erosion Hazard

Erosion hazard is the probability that damage
may occur as a result of site preparation and
following cutting operations where the soil is
exposed along roads, skid trails, fire lanes, and
log landings. Forests abused by fire and over-
grazing are also subject to erosion. Erosion
hazard has the following classes:

Slight - no particular preventive measures are
needed under ordinary conditions.

Moderate- erosion control measures are needed
in certain silvicultural activities.

Severe- special precautions are needed to con-
trol erosion in most silvicultural activities.

Windthrow Hazard

Windthrow hazard is the likelihood of trees be-
ing uprooted (tipped over) by the wind as a re-
sult of insufficient depth of the soil to give
adequate root anchorage. Some modern surveys
do not include windthrow hazard. Windthrow
hazard is classified as follows:



Table 4 - 2

Guidelines: Equipment Limitation Ratings on Soils for Forest Use

water table is < 15")
duration

CRITERIA SLIGHT MODERATE SEVERE
Slope 0-15% 15-35%* > 35%
Stoniness (% surface <15 15-50 >50
cover by volume)

Rock outcrop (%) <10 10-25 >25
Wetness (depth to < 2 months 2-6 months > 6 months

Surface texture

those listed

sands 10-20 incheg; sands 20 inches; clay,
all textures other thansilty clay, sandy clay,
less than 10 inches
over clayey materials

* clayey soils - clay, sandy clay, and silty clay, and soils subject to slippage will rate s¢vere.

Slight- normally there are no trees blown down
by the wind. Trees may break, but they will
not be uprooted by strong winds.

Moderate- an occasional tree may blow down
during periods of soil wetness with moderate
or strong winds.

Severe- many trees may be expected to blow
down during periods of soil wetness with
moderate or strong winds.

Restricted rooting depth is the principal reason
for windthrow hazard. This restriction may be
caused by a high water table, fragipan, bedrock,
or any other restricting layer. If effective root-
ing depth is greater than 30 inches, windthrow
hazard is slight. If rooting depth is 20 to 30
inches, the hazard is moderate; and if rooting
depth is less than 20 inches, then the hazard is
severe. Examine the potential planting site for
soil and rooting depth.

Equipment Limitations

Equipment limitations are limits on the use of
equipment, year round or seasonally, as a result
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of soil characteristics (see Table 4-2). The rat-
ings are as follows:

Slight- equipment use normally is not restricted
in kind or time of year because of soil factors.
For soil wetness, equipment use can be re-
stricted for a period not to exceed one month.

Moderate - equipment use is moderately re-
stricted because of one or more soil factors.
Equipment use might be limited by slope,
stones, soil wetness, soil instability, extremes
in soil texture (clayeyness or sandiness), or
combinations of two or more factors. For soll
wetness, equipment use is restricted one to
three months.

Severe- equipment use is severely restricted
either as to kind of equipment that can be used
or season of use. For soil wethess, equipment
use is restricted more than three months.

Seedling Mortality

Seedling mortality can be caused by several soil
factors:



1. The main cause is too much or too little wa-
ter — soil wetness or soil droughtiness. Too
much water is caused by high water tables or
flooding during a significant part of the
growing season. Soils that are very poorly
drained or are frequently flooded have severe
seedling mortality. Poorly drained soils have
a moderate hazard.

2. Soil droughtiness is caused by several fac-
tors: lack of rainfall at appropriate time, low
available water capacity, shallow rooting
depth, high evaporation, or a combination of
these factors. Seedlings can survive on soils
with low available water capacity if rains
come at the right frequency and duration. |If
rainfall is less than optimum, the amount of
water that enters the soils and is held within
the root zone becomes the limiting factor that
determines seedling survival.

3. Surface texture must be coarse enough so
that water enters readily, but not so coarse as
to have a low available water capacity.
Seedling mortality is greatest on soils with
sandy and clayey surface textures.

4. The amount of water held in the soil for plant
use is determined by the available water ca-
pacity of the soil and the effective rooting
depth. The amount of water held within a
20-inch effective rooting depth is used as an
indicator of droughtiness.

5. Seedling mortality may also be affected by
the high temperatures and evaporation asso-
ciated with steep south-facing slopes.

Plant Competition

Plant competition is the likelihood of the inva-

sion or growth of undesirable species when
openings are made in the canopy during inter-
mediate cuttings or final harvest. The ratings
are as follows:

slight - Competition of unwanted plants is not
likely to prevent the development of natural
regeneration or suppress the more desirable
species. Planted seedlings have good pros-
pects for development without undue compe-
tition.
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moderate- Competition may delay natural de-
sirable trees or planted trees and may hamper
stand development , but it will not prevent the
eventual development of fully stocked stands.

severe- Competition can be expected to prevent
natural or planted regeneration unless precau-
tionary measures are taken. The natural re-
sources manager may want to consider
herbicides or tree shelters as described in
Section VII.

Hydrologic Soil Groups

This refers to soils grouped according to their
runoff-producing characteristics. The main con-
sideration is the inherent capacity of soil devoid
of vegetation to permit infiltration. Groups are
described using saturated hydraulic conductiv-
ity. Saturated hydraulic conductivity is the fac-
tor relating soil water flow rate (flux density) to
the hydraulic gradient and is a measure of the
ease of water movement in soil. The slope and
kind of plant cover are not considered, but they
are separate factors in predicting runoff. Soils
are assigned to four groups:

A - Soils having a high infiltration rate when
thoroughly wet and having a low runoff po-
tential. They are mainly deep, well drained,
and sandy or gravelly. Saturated hydraulic
conductivity isvery highor in the upper half
of high, and internal free water occurrence
is very deep

B - Saturated hydraulic conductivity is in the
lower half of high or in the upper half of
moderately highand free water occurrence
is deepor very deep

C - Saturated hydraulic conductivity is in the
lower half ofmoderately higlor in the up-
per half ofmoderately lowand internal free
water occurrence is deeper thedrallow

D - Soils having a very slow infiltration rate and
thus a high runoff potential. They have a
claypan or clay layer at or near the surface,
have a permanent high water table, or are
shallow over nearly impervious bedrock or
other material. Saturated hydraulic conduc-
tivity is below the upper half ahoderately



low, and/or internal free water occurrence is
shallow or very shallow and transitory
throughpermanent.

A soil is assigned to two hydrologic groups if
part of the acreage is artificially drained and
part is undrained.

Zone 2 width of the riparian forest buffer is in-
creased to occupy soils in hydrologic group D
and those soils in hydrologic group C that are
subject to frequent flooding.

Land Capability Classification

This system categorizes land on the basis of its
capability and limitations. Soil surveys will in-
clude capability class and subclass either in the
soil series description or in the soil map unit
descriptions. This information is very useful in
determining the width of the riparian forest
buffer needed. The USDA Natural Resources
Conservation Service uses eight land capability
classes. Keep in mind that this system was de-
veloped primarily for agricultural use, but it is
also used for engineering purposes. A brief de-
scription of the characteristics and best use of
soils in each class follows. This information is
summarized in Figure 4-3.

Class I. Soils in this land class have few limi-
tations as to what uses are suitable for them.
Uses can range from intensive cropping to
forestry and wildlife reserves. The soils are
deep, well-drained, and the topography is
level. These soils have natural fertility or
are able to respond well to soil amendments.
The water-holding capacity of these soils is
high. No extraordinary  measures are
needed to manage crops in Class I. Riparian
forest buffers in this class would be nar-
rower relative to other classes.

Class Il. Soils in this land class have some
limitations that result in a narrower choice
of plants or requires the use of some conser-
vation practices. Some of the limiting fac-
tors of Class Il soils are 1) gentle slopes, 2)
moderate erosion hazards, 3) inadequate soll
depth, 4) less than ideal soil structure and
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tilth, 5) slight to moderate alkaline or saline
conditions, or 6) somewhat restricted drain-
age.

Class lll.  Soils in Class Il have severe limita-
tions that reduce the choice of plants or re-
quire special conservation practices.
Limitations in the use of soils in Class Il
result from factors such as 1) moderately
steep slopes, 2) high erosion hazards, 3)
very slow water permeability, 4) shallow
depth and restricted root zone, 5) low water-
holding capacity, 6) low fertility, 7) moder-
ate alkalinity or salinity, and 8) unstable soill
structure.

Class IV. Soils in this class can be used for
cultivation, but there are very severe limita-
tions that greatly reduce the choice of crops
that can be grown. Limiting factors on these
soils may be one or more of the following:
1) steep slopes, 2) severe erosion suscepti-
bility, 3) severe past erosion, 4) shallow
soils, 5) low water-holding capacity, 6) poor
drainage, 7) severe alkalinity or salinity.

Class V. Soils in this class are generally not
cultivated, but are often used for pasture.
Erosion is generally not the concern, but
several other limitations include 1) frequent
flooding, 2) short growing season, 3) stones
or rocks, and 4) ponded areas that cannot be
drained.

Class VI. Soils in this class have extreme limi-
tations that restrict their use to grazing, for-
estry, range, or wildlife. They have the
same limitations as soils in Class V, only
more rigid.

Class VII. Sails in this class have very severe
limitations that restrict their use to grazing,
forestry, or wildlife. Pasture improvement
for soils in this class is impractical.

Class VIII. Soils in this class are not capable of
producing commercial agricultural crops.
Their use is restricted to recreation, wildlife,
water supply, or aesthetic purposes. Exam-
ples of soils in this class would be sandy
beaches, river wash, or rock outcrops.



Subclasses.Each of the land capability classes
are further divided by limitations designated by
a small letter. The four limitations recognized
in these subclasses are risks of ero¢gnwet-
ness, drainage, or floodingv), root-zone limi-
tations(s), and climatic limitationgc).

Capability classes are used to help determine the
total width of the buffer. Referring to the speci-
fications published by the USDA Forest Service
and the Natural Resources Conservation Serv-

ice, the width of Zones 1 and 2 should be 100
feet in soils of capability classdfe or llls.
These classes indicate problems with erosion,
hardpans, or shallow soils that require a wide
riparian forest buffer.

In the Bay watershed, about 48 percent of the
land is in classes V through VIll,baut 11 per-
cent is in Class IV, and about 40 percent is in
Classes | through 111

Increasing intensity of land use

\4

WILDLIFE |[FORESTRY

GRAZING

CULTIVATION

Land
Capability
Class

limited

moderate

intense | limited | moderate

very
intense

Source: Adapted from Brady, 1984

Figure 4 - 2. The shaded blocks show uses for which classes are suitable. There are increasing limitations on
the prudent use of land as one moves from Class | to Class VIII. Also there is decreasing adaptability and
freedom of choice of uses moving from Class | to Class VIII.

Soil as It Relates to Establish-
ing a Riparian Forest Buffer

The first step in the successful establishment of
a riparian forest buffer is to look around at what
is already growing in the vicinity. Trees grow-
ing nearby will reveal the parent material of the
area and indicate what trees grow naturally on
that site. Pines generally compete better in soil
derived from sandstone, while hardwoods have
the advantage on soils derived from limestone.
Following are examples of tree species that
grow in the watershed on soils derived from
various materials:

* limestone - walnut, beech, ash, elm, red-
cedar, red oak, shagbark hickory
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* sandstone and chert - black oak, white
oak, mockernut hickory, black gum, flow-
ering dogwood

Parent material has a direct effect on soil tex-
ture, which is one of the most important char-
acteristics affecting site quality. It influences

the chemical properties of the soil, soil mois-

ture, and root development. Clay in the soil has
the largest surface area from which nutrients
may be released to the roots. The fertility of a
soil is directly related to the amount of clay and
silt in the soil. Very sandy soils are not fertile,

and only conifers may be able to grow in them.
It may be a waste of time to plant hardwoods in
sandy soil.



Texture also is related to the amount of soil
moisture retained. Sandy soils are droughty, so
drought-tolerant species should be planted in
them. Clay loams have good soil moisture char-
acteristics, and heavy clay soils lack proper
aeration.

Structure also affects how well trees will grow

when planted in riparian areas. Soils that con-
tain silt and clay and have granular or crumb
structure will grow the best trees. They permit

good percolation of both water and air, and re-
duce erosion. The presence of many earth-
worms in the soil indicates that organic matter is
being moved from the surface into other layers
of the soil, and that large soil aggregates are
being reduced in size. A soil with a healthy

population of earthworms should produce a
healthy riparian forest.

The third important consideration for successful
riparian tree planting is the topo-
graphic position of the site, its slope
and its aspect. Topographic posi-

west facing slopes are the least productive.

There have been numerous studies conducted
that attempt to relate soil properties to forest
site. These studies show that the effective depth
of the soil, the surface soil depth, is the most
important property affecting forest productivity.
This is the depth of the portion of the soil occu-
pied by tree roots or capable of being occupied
by tree roots that take up nutrients and water
from this space. The effective depth can be af-
fected by a fragipan (Bx horizon), shallow soil
(lithic) where the bedrock is close to the surface,
or by a high water table during much of or part
of the year.

Before deciding to plant trees, and before de-
ciding what species to plant, the land manager
should go to the site with a shovel and dig up a
small area. A soil survey for the area should be
taken to the site, and the soil type that has been

tion affects soil depth, profile de-
velopment, and the texture and
structure of the surface soil and
subsoil. This, in turn, influences
the composition, development and
productivity of the forest.

Riparian areas are generally at the
low position on a slope. At this po-
sition, trees will generally be shel-
tered from high winds and have
access to more soil moisture. These
are areas of soil deposition, and are
subject to cold-air drainage. Areas
that have moderate slope are usually
more productive than flat, level ar-

eas.

The aspect of the site should be
evaluated before planting. South-
facing slopes are hotter and drier.
North slopes receive less sunlight
and are cooler and moister than
southern slopes. In the watershed,
northeast facing slopes are the most
productive for forests, and south-
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mapped for the area should be determined. If
any of the following conditions occur, then the
situation must be reevaluated.

* The soil has a hardpan or fragipan, denoted
by Bx soil horizon.

* The soil is very gray, or has gleying, near
the surface.

* The hole that is dug fills up with water im-
mediately.

 The soil is described as lithic, which means
that bedrock will be found at less than 50
cm (20 inches) from the surface.

* The soil is described as having mottles or
redoximorphic features, such as redox de-
pletions, redox concentration, or reduced
matrix, close to the surface.

If any of the above conditions apply, be sure to
plant tree species that do not have deep tap
roots, such as black walnut, and can withstand
wet conditions.
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Design of Buffer Systems for Nonpoint Source

Pollution Reduction

Introduction

To determine where a riparian forest buffer sys-
tem (RFBS) will be most effective for removal of
nonpoint source (NPS) pollutants, it is necessary
to relate upland pollutant loading to the potential
buffering of a riparian corridor. Where upland
pollutant loading is high, a partially functioning
RFBS often provides more benefits than a com-
pletely functioning RFBS where upland pollutant
loading is already low. Therefore, the entire
watershed must be evaluated in terms of its pol-
lutant sources as a first step in the process of
RFBS design.

Agricultural land uses are recognized as a major
source of NPS pollutants in the Chesapeake Bay
Watershed. Areas generating high NPS loading,
such as cultivated fields or intensely maintained
turf, require more buffering than areas of lesser
loading, such as hay fields. If favorable condi-
tions for NPS pollutant removal exist downgra-
dient from areas of high loading, these areas are
prime locations for riparian forest buffers.

First order streams and their tributary seeps and
springs have the greatest interface with upland
source areas, so they are likely to be the most
effective locations for potential riparian forest
buffers. First and second order streams represent
most of the total stream length within a water-
shed. NPS pollutant loading into higher order
streams is largely from the low order tributaries
where RFBs are more effective. For these rea-
sons, it is important that the low order streams be
closely examined for potential RFBs.

The potential for removal of NPS pollutant
loading in surface runoff and shallow ground-

water can be quite site dependent. The pathways
by which NPS pollutants are transported into a
RFB as well as the potential for their interception
by a RFB are affected by the topography, geol-
ogy, and hydrology of a riparian site. In certain
riparian sites, groundwater hydrology may not
lend itself to interception of a high proportion of
dissolved nutrients, such as nitrates. In more
steeply sloped sites, channelized flows of sedi-
ments and adsorbed pollutants often bypass the
filtering effect of a RFBS. In any site, proper
design of a RFBS is necessary to ensure that the
pollutant removal benefits meet the potential in-
herent to the riparian site.

This section presents the factors involved in
evaluating the extent and location of upland
loading of NPS pollutants, as determined by land
uses and physiographic factors. Pollutant trans-
port pathways and the potential for their removal
by riparian sites are also evaluated according to
inherent physiographic factors. By relating up-
land loading to potential removal by riparian

sites in accordance with appropriate design con-
siderations, it is possible to optimize the design
of the RFBSs for the watershed.

Suspended Sediments and
Sediment Bound Pollutants

Loading from Upland Sources

To determine upland loading of suspended sedi-
ments and adsorbed pollutants such as phos-
phates, upland land uses must be evaluated.
Aerial photographs, U.S.G.S. Quad maps, Soil
Survey maps, and Conservation Plans provide
information on field slope, slope length, soil ero-
dibility, land cover, and management practices.



These factors are variables used in the Universal
Soil Loss Equation (USLE) to quantitatively
project the unit losses of suspended sediments at
the field scale.

By relating unit sediment losses to field area, a
Geographical Information System (GIS) and/or
computer programs such as Agricultural Non-
Point-Source Pollution Model (AGNPS) can
graphically display sediment losses throughout
the watershed with a high degree of spatial preci-
sion. Note that sediment loading into a RFB is a
product of upland slope area and the sediment
losses calculated by the USLE. Riparian sites
downgradient from areas of the highest loading
would then be evaluated for their potential to
remove runoff pollutants.

Where these computing resources are not avail-
able, a qualitative approach is adequate for the
purpose of RFB design. Using the criteria pre-
sented in Table 5-1, the cumulative effect of
these factors can be estimated to project sediment
losses at the field scale. Manual mapping of high
loss areas such as cultivated fields will highlight
problem areas. Sediment loading from various
upland areas into the riparian area can then be
visually evaluated to determine where buffers are
most needed. To aid in evaluating annual sedi-
ment losses per acre of field, data sources and
technical assistance are available from the local
Conservation District.

Interception of Sediments by Riparian Forest
Buffers

RFBs can be quite effective in filtering sedi-
ments when the sediment loading is not exces-
sive. Cropped or grass vegetated filter strips
(VFS) have also been shown to trap sediment
effectively at a width of roughly 25 feet if located
on slopes less than 16 percent. As the slope in-
creases above 4 or 5 percent, the capability of the
filter strip decreases. At high sediment loading
rates, VFSs are quickly saturated with sediments
and become ineffective, unless regularly main-
tained. Furthermore, VFSs are easily bypassed
by concentrated flows. Field studies of existing
riparian forest buffers confirm that they also do
not intercept concentrated flows. Phosphorus
removal by a VFS is usually about half that of
sediments, since it is adsorbed to the finer frac-
tions which pass more easily through the VFS.

Where sediment loading occurs in concentrated
flow, the filtering effect of the forest and grass

vegetation is likely to be bypassed. Some
method to eliminate channelized flow must be
provided to ensure sheet flow conditions. Unless
level spreaders or biofiltration swales are pro-
vided, RFBSs will not be effective for sediment

removal, even at the lower range of loading con-
ditions. While a divergent hillslope (the nose of

a ridge) disperses runoff, a convergent hillslope
such as a draw usually collects upland runoff into

Table5-1
Relative Loading from Upland Sources According to Upland Conditions
SITE CONDITION LOW LOADING MEDIUM LOADING HIGH LOADING
Upland Loading <1,000 Ibs. 1,000-10,000 Ibs. >10,000 Ibs. sediment/acr¢g
sediment/acre sediment/acre
Upland Slope Length <150 feet 150 to 300 feet >300 feet
Upland Slope 1-5 percent 5-15 percent >15 percent
Upland Soil Erodibility K<0.22 K=0.22 to 0.36 K> 0.36
Upland Cover Forest or hayfields Pastures Cultivated crops
Upland Practice No-till or no earth Till-plant, strip and contour Conventional plowing, not
disturbance. cropping. along contour.




a channelized flow. Where such loading is inter-
cepted by a small area of riparian forest, as in the
case of a concave hillslope, the buffering poten-
tial is likely to be relatively low. Topography and
surface flow hydrology will thus control the po-
tential for a RFBS to filter runoff sediments.
Figure 5-1 displays the landforms typically found
in the Piedmont of the Chesapeake Bay Water-
shed.

At present, simple methods to quantify the extent
of channelized overland flow do not exist. As an
initial estimate, channelized flows from culti-
vated fields are likely to begin when the slope
length is over 250 feet, the upland slope is over
10 percent, and a concave landform exists. High
resolution stereo aerial photographs and on-site
field investigation will show where channelized
flow occurs. Soil stability in the riparian area
also plays an important role in projecting filter-
ing potential, since easily erodable soils form
channels easily.

Table 5-2 displays a list of site conditions to help
determine the potential of a riparian site to effec-
tively filter suspended sediments. Upland slope,
slope length, flow regime, and convergence are
factors that determine the likelihood of concen-
trated flow pathways. Riparian slope, flow re-

gime, and erodibility determine the sediment

filtering potential of a riparian forest buffer.

Where sediment loading values into a RFB are
very high, where concentrated flows exist, or
where the riparian site conditions are not favor-
able, an engineered biofiltration swale is one tool
that can be used to disperse concentrated flow.
Such structures can be effective at high loading
rates, however it is necessary to remove accu-
mulated sediments on an annual basis. The ad-
vantage of biofiltration swales is that the
accumulated sediments are easily accessible.

Design Considerations

Where analysis of the riparian zone and upland
conditions indicate that overland sheet flow is
present, a RFB can effectively filter sediments.
At acceptable upland loading rates (generally
where sediment losses are less than 5,000 pounds
per acre), the outermost zone of the RFB (Zone
3) should be planted in grasses or alfalfa that can
be mowed or harvested on a regular basis to al-
low for periodic removal of accumulated sedi-
ments. Where loading rates are low enough not
to require routine sediment removal (generally
below 1,000 pounds per acre), herbaceous forbs
and shrubs can be included in Zone 3.

Table 5 -2
Relative Potential for Sediment Filtering of Surface Runoff According to Riparian Conditions

HIGH MEDIUM LOW
SITE CONDITION POTENTIAL POTENTIAL POTENTIAL
Upland Slope Length <150 feet 150 to 300 feet >300 feet
Upland Slope 1-5 percent 5-15 percent >15 percent
Upland Flow Regime No rills Small rills Rills and gullys

Upland Convergence

Divergent hillslope

Riparian Slope 0-5 percent
Riparian Flow Regime No channels
Riparian Soil Erodibility K<0.22

Linear hillslope Convergent hillslope

5-15 percent >15 percent
Small rills

K=0.22 to 0.36

Rills and gullys
K> 0.36




For effective deposition of sediments, Zone 3
should be at least 25 feet wide and located on
slopes less than 5 percent. As the projected
loading increases, the width of the sediment
deposition area in Zone 3 should increase pro-
portionately. At any given sediment loading,

where the riparian slope is greater than 5 percent,
the width should also increase 5 feet for each
percent increase in slope in the riparian deposi-
tion zone. Where possible, Zone 3 should extend
up into the side draws where sheet flow is more
likely to occur, as shown in Figure 5-1.

Upland slope is only one of many factors incor-
porated into the USLE, in which sediment losses
are by no means directly proportional to upland
slope. Therefore, there is no simple relationship

between sediment loading and upland slope. As
a consequence, upland slope should not be the
sole design criterion for buffer width. The other
factors shown in Table 5-1 also need to be ad-
dressed, as they generally exert more influence
on potential sediment loading than slope.

For control of sediments where channelized flow
begins, a level spreader can redirect runoff into
sheet flow. However, great care must be used to
ensure that the level spreader is precisely level.
Furthermore, it must be situated in locations
where runoff does not form channels immedi-
ately downgradient from the spreader in the ri-
parian area. Inherent to their design, level
spreaders also cause sediments to settle immedi-
ately upstream, requiring continual maintenance
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Figure 5 - 1. Plan view of Piedmont hillslope hydrology shows typical landforms and locations where partial
contributing areas and channelized flows are likely. Biofiltration swale is included to show typical layout.

Source: William Lucas
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to operate effectively. For these reasons, level
spreaders should be not be used where high
sediment loading or channelized flows have oc-
curred.

One alternative for use where substantial chan-
nelized flow exists is the biofiltration swale.
Biofiltration swales are used in urban and devel-
oped areas as part of a riparian buffer system.
Designed to settle sediments from concentrated
flows, biofiltration swales are essentially diver-
sions that convey runoff at very shallow flow
depths. These engineered swales intercept the
channelized flows from the upslope areas and
direct them parallel to the riparian corridor.
They are typically 15 to 25 feet wide and 1 to 2
feet deep, so they can be located within Zone 3
of the riparian forest buffer. Biofiltration swales
have been shown to reduce sediment transport by
up to 80 percent.

As displayed in Figure 5-2, biofiltration swales
are designed so that the flow depth is very shal-
low, less than two-thirds the height of the grass
(typically 6 inches), resulting in a flow velocity
of less than 2 feet per second. To properly de-
sign a biofiltration swale, the hydrological pro-
gram TR-55 should be used to calculate

anticipated runoff for the 2-year design flows.
One hundred year flood flows are also projected
for swale design to ensure that the banks are not
overtopped. Based upon the design flows, Man-
ning’s equation for channel flow is then used to
design the swale to convey the required flows.

Typically, a trapezoidal section is used for swale
design. As the swale collects sediment, the
cross-section will evolve into a parabolic shape.
A bioswale with a bottom width of 10 to 15 feet
and side slopes no steeper than 3:1 (to permit
mowing) can generally handle runoff from an
area of up to 10 acres or so. As the contributory
area increases, the swale cross-section increases
to ensure that the flow remains within the vege-
tation. Since the flow depth is designed to be in
the range of 4 to 8 inches, a value of 0.12 is gen-
erally appropriate for Manning’s n. The swale
slope follows the natural slope of the corridor,
typically varying from <1 percent to >4 percent.

Where the calculations indicate that peak flow
velocities will exceed 2 feet/second, check dams
should be installed. Check dams of coarse rip-
rap at regular intervals form ponds during peri-
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Figure 5 - 2. Typical biofiltration swale cross section (not to scale), showing design elements to be considered.

Source: William Lucas
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ods of high flow to stabilize the swales and slow
down the flow velocity. Where peak velocities
over 5 feet/second are projected, check dams
should be installed in intervals so that the ponded
water extends up to the base of the upstream
check dam. In this manner, the energy of the
highly erosive flows is controlled by the rip-rap.

Since the anticipated flows can be quite high, the
discharge channel through the RFBS to the re-
ceiving stream should be stabilized with geotex-
tiles or riprap. In large fields where sediment
loading occurs up to the discharge point, an up-
stream diversion should be installed to redirect
runoff from the lowest part of the field into the
bioswale some 150 feet or so upstream of the
discharge point. This diversion can also be de-
signed as a biofiltration swale for additional
sediment filtering. In this manner, all of the run-
off will be filtered.

Figure 5-1 displays the schematic location of a
biofiltration swale used to intercept upslope

channelized flow. Note the diversion used to

redirect the runoff from the lowest part of the

pasture. Technical assistance to help in design-
ing biofiltration swales and level spreaders is

available from the local Conservation District.

Nitrates & Dissolved Pesticides

Loading from Upland Sources

Tributary sources of nitrate in groundwater
leached from agricultural sources are a primary
cause of eutrophication in the Chesapeake Bay.
While conservation is very effective in reducing
sediment runoff (by over 90 percent), this prac-
tice seems to increase nitrate leaching due to in-
creased infiltration, and it also relies on extensive
use of herbicides. Under such circumstances, the
potential for removal of nitrates (and herbicides)
by riparian buffers has generated much interest
in the use of RFBSs as a tributary strategy for the
Chesapeake Bay Program. RFBSs can reduce
instream concentrations of herbicides by isolat-
ing streams from drift during application; how-
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ever, no data exist on removal of groundwater
herbicides by RFBSs.

To best locate and design riparian forest buffers
for removal of nitrates, it is necessary to first
evaluate the extent of upland loading into the
riparian zones throughout the watershed. Many
studies suggest that some 20 to 40 percent of
applied fertilizer nitrogen (N) is leached into the
groundwater. In the Piedmont region of Penn-
sylvania, nitrate-N concentrations under heavily
fertilized crops can exceed 35 mgl/l, far above the
EPA action level of 10 mg/l for drinking water
supplies.

Nitrate loading can be estimated from the type
and extent of crop or land use, as interpreted
from aerial photographs and Conservation Plans
on file. For most crops and land uses, there is
fairly extensive literature on groundwater or soil

profile concentrations of nitrates which is sum-

marized here to assist in allocating loading levels
according to land use. Using a GIS or manual
mapping techniques, areas where nitrate loading
is high can then be graphically displayed to show
their relationship to potential RFBS in the ripar-

ian areas.

Shown in decreasing order of loading, Table 5-3
displays nitrate loadings from various land uses
within the Chesapeake Bay Watershed. Note
that loading rates vary widely in response to fer-
tilizer application rates. Detailed information on
the actual fertilizer application rates is necessary
to more accurately project the loading values in a
specific watershed.

Many of the cited sources measured groundwater
or soil profile nitrate concentrations, from which
the authors inferred the unit area loading. Values
shown with an asterisk in Table 5-3 have been
estimated by multiplying reported nitrate-N con-
centrations by average annual groundwater re-
charge. This is estimated by adding some 2
inches of riparian area evapo-transpiration to av-
erage stream baseflow, which varies from 10 to
16 inches in the Chesapeake Bay Watershed.
For instance, at an average recharge of 15 inches
(or 0.38 meters), nitrate concentrations would be
multiplied by a factor of 3.8 to obtain area load-



Table5-3
Reported Nitrate Loading by Land Cover

LAND SOIL WATER | LOADING | FERTILIZER LOCATION SOURCE CITED
COVER CONC. (mg/l) | (kg/halyr.) (kg/halyr.)
Corn Fields 7.1 29 105 | MD Coastal Plain Peterjohn and Correll, 1984

9-15 38 154 | MD Piedmont Angle et. al, 1989

19.3 94 259 | PA Ridge and Valley| Roth and Fox, 1990
17.5-24.3 107 192 | PA Ridge and Valley| Jemison and Fox, 1994
12-56 162* 310+ | PA Piedmont Hall and Risser, 1992

Pastures - 162 420 | UK - Hapladults Ryden et. al, 1984

- 27.1 56 | OH - Hapladults Owens et. al, 1992
Small 14.8 52* 120 | Sweden Bergstrom, 1987
Grains
Soybeans 13.7-14.4 52-55* 0 MD Piedmont Angle, 1990
Alfalfa - 10 0 | PARidge and Valley Toth and Fox, 1994
Fields
Hayfields 2.2 8.1 179 | OH - Hapladults Chichester, 1977

- 29 420 | UK - Hapladults Ryden et. al, 1984

- 6 224 | Rl - Inceptisols Gold et. al, 1990
Forests 0.04 1-27 0| TN Ridge and Valley Mulholland et. al, 1993

* These values are estimated by multiplying reported nitrate-N concentrations by average annual groundwater

ing rates in kg/halyr. To convert to Ib/aclyr, this
figure is multiplied by 0.89.

Loading rates for corn vary widely, ranging from
30 to 160 kg/halyr., depending upon fertilizer
application rates and the use of nutrient man-
agement conservation practices. For small grain
crops, there is less data, but one study suggests
lesser loading rates since they normally require

less fertilizer.

Average loading rates for crops

such as barley, wheat, and oats are projected in
the range of 30 to 50 kg/halyr.

Legumes such as soybeans and alfalfa can fix
considerable quantities of nitrogen from the at-
mosphere, some of which is released into the
groundwater when the crop residue is plowed

under.

In the case of soybeans, this seems to

result in loading rates as high as 30 to 50

kg/halyr.

Alfalfa is typically in a 3- to 5-year

rotation, so fixed nitrogen is not released until

plowing. With much

subsequent row crops, losses seem to be 10 to 20

kg/halyr.

When groundwater

high, alfalfa stops fixing nitrogen.

of the nitrate then used by

nitrate concentrations are
Instead, al-

falfa begins to utilize nitrate from groundwater

and the soil profile,
rates.

sometimes at remarkable

Alfalfa, with its deep roots, would thus

seem to be an excellent candidate for Zone 3
where the slope and hydrology in the riparian
area result in well drained soils with a relatively
deep seasonal high water table (SHWT).

Loading from hayfields is also quite low, since
the root zone remains undisturbed and applied
nitrogen is returned as hay, instead of leaching

reche



out. For this reason, rather low leaching losses
have been found under even heavily fertilized

hay fields or golf courses, and by extension, sub-
urban lawns. Loading rates for grasses are esti-
mated at 5 to 10 kg/halyr.

In contrast to hayfields, heavily grazed fertilized
pastures can have remarkably high losses of ni-
trates, since nitrogen is returned in a concen-
trated form as urea. Much of the urea is
converted to nitrates, which percolates readily
through the soil. In the Chesapeake Bay Water-
shed, loading rates for pastures are estimated to
range from 20 to 120 kg/halyr, depending upon
the extent of grazing, amount of manure spread-
ing, and fertilization.

Water bodies such as lakes and estuaries receive
atmospheric inputs averaging 10 to 15 kg/halyr.
Forests, being nitrogen limited, have very low
losses of nitrates, generally in the range of 2to 5
kg/halyr. When cut, forests release substantial
amounts of nitrates into the groundwater as the
root systems decompose.

The above values should be used as a guide to
form an estimate of the loading rates within each
subwatershed in question. Where application
rates of fertilizer and manure are utilized in pro-
jecting loading, the estimates would be more re-
fined. Using a map of the subwatershed, the area
of each land cover type within a subwatershed is
assigned the projected loading rates for each land
cover type. (In allocating land cover types, it is
important to keep in mind that while rotation
schedules may change, cultivated fields and
pastures will remain in similar uses due to un-
derlying soil factors.)

The average nitrate loading rate for an individual
subwatershed is then the weighted average of the
field areas multiplied by the particular loading
rate involved. Using a hypothetical 100 acre
subwatershed as an example, if 50 acres are in
pasture at a rate of 20 pounds per acre and 50
acres are in corn at 70 pounds per acre , the aver-
age loading rate would be:

[(50 x20) +(50 x 70)]/100, or 45 pounds per acre
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By initially screening the estimated loadings at
the subwatershed level in this manner, those
subwatersheds with high loading can be identi-
fied for more detailed evaluation, where isolated
“hot spots” should become apparent. In the sim-
ple example above, loading would be higher in
areas downslope from the corn, and less below
the pasture. Riparian corridors in heavily loaded
subwatersheds and/or downgradient from such
locations would then be evaluated for their po-
tential to intercept and transform nitrates from
the upland source areas according to the methods
described below.

Design Considerations

Riparian forests can remove much of the nitrate
in groundwater when it passes through the ripar-
ian area under confined conditions. The highest
removal rates occur in conditions where virtually
all of the nitrate-laden groundwater is confined
within the root zone by an aquiclude. Where
groundwater inputs are not confined to the root
zone, riparian forests have been found to offer
considerably less nitrate reduction. These results
imply that groundwater entering streams must
pass close to or through the root zone for nitrate
removal to occur. Therefore, the hydrological
relationship between the riparian zone and up-
land contributing areas determines the potential
for removal of nitrates by the riparian buffer.

Two components of regional hydrology affect the
potential for groundwater interception by the
riparian buffer: the relative depth of groundwater
pathways through the riparian buffer, and site
characteristics of the riparian area. As shown in
Figure 5-3, groundwater movement from the
upland source areas varies from shallow path-
ways flowing parallel to the slope, to deeper re-
charge pathways descending vertically before
proceeding downgradient and flowing upward
into streams from the bottom.

Note that groundwater infiltrating from upland
areas farthest from the stream follows the deepest
pathways, while groundwater infiltrating from
uplands closer to the stream follows a shallower
profile. Therefore, loading from sources closer
to the stream will follow a shallower pathway



more likely to be intercepted by a riparian forest
buffer. When the aquifer is deep, groundwater
pathways will remain partitioned in the riparian
area, even though mixing occurs in the discharge
zone under the streambed.

The nature of groundwater pathways depends
upon the physiographic province and its under-
lying geology, soils and local topography. These
criteria affecting the potential for removal by

differing physiographic regimes are discussed
more fully in Sections Il and Ill.

Table 5-4 summarizes the relationships among
regional hydrogeology, local topography, and
soils as they affect the relative depth of flow in
the riparian buffer. Sites with factors that tend to
favor shallow pathways will have a greater po-
tential for riparian interaction than sites where
groundwater flow paths are deeper.
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Figure 5 - 3. Schematic diagram of a Piedmont hillslope, showing how rainfall is partitioned between
overland flow, shallow interflow, and deep recharge. Source: William Lucas



Table5-4
Relative Groundwater Depth According To Physiographic Factors

Groundwater Shallow Medium Deep Deepest
Flow
Geological Inner Coastal Plain| Shallow Saprolite | Sandstones, Deep Sap-Limestones, Oute
Region (w/ Aquiclude) Crystalline, Shaleg rolite Crystalline Coastal Plain
Base Flow <0.30 mgd/nf 0.30 to 0.40 0.40 to 0.50 >0.50 mgd/nfi
Proportion mgd/mf mgd/mf
Drainage >1.25 1.0t01.25 0.75t0 1.0 <0.75
Density mi./mi® mi./mi® mi./mi® mi./mi*
Upland Convergent, Convergent Linear to Divergent,
Hillslope Concave (valley) to Linear Divergent Convex (ridge)
Upland Bt >40 percent clay 25-40 percent clay 10-25 percent clay <10 percentclay
Horizon

*mgd = million gallons per day

The optimal situation for groundwater interaction
with the riparian area occurs in many watersheds
of the Inner Coastal Plain, in which all ground-
water is well mixed and confined within shallow
pathways into and through the riparian zone. It
is in these locations where most studies have
documented the removal of nitrate from ground-
water.

In more complex hydrogeological regimes, such
as the Piedmont and Ridge and Valley Provinces,
the potential for groundwater interception by the
riparian buffer can be highly variable. The crys-
talline rocks of the Piedmont have a deep rego-
lith of weathered saprolite and alluvium, within
which much of the groundwater moves. A thick
regolith permits deeper flow paths to bypass the
riparian root zone in many cases, emerging into
the streams from under the bottom. Where geo-
morphology results in less regolith under
streams, there would seem to be more potential
for groundwater interactions in the riparian zone.

In limestone formations, groundwater flow paths
have a substantial vertical component along
deeper solution channels, upwelling through the
saprolite under streams as base flow. As in the
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case of the well-drained Outer Coastal Plain, this
characteristic of groundwater inflow tends to by-

pass the riparian buffer. In fact, in some lime-

stone stream reaches, the stream flow actually
percolates through the streambed back into the
groundwater, suggesting minimal riparian inter-

action with groundwater.

In sedimentary materials, as found in the Ridge
and Valley Province, groundwater flow paths
tend to follow the fracture planes which can be
quite complex. As a result, instead of being
downslope, groundwater discharge locations are
often far removed from upland source areas.
Sandstones are generally better drained and well
fractured, favoring deeper bypassing flow.
Shales, mudstones, and siltstones tend to be
aquicludes, so flow paths are confined along
shallower pathways into the riparian area. Soils
derived from these parent materials also tend to
have a high clay content, which generally in-
creases the proportion of shallow interflow and
overland runoff.

Reflecting underlying geology, regional hydro-
logical characteristics of drainage density and
base flow partitioning provide additional infor-



mation about the potential for groundwater inter-
ception in the riparian area. A relatively high
base flow component, as found in limestone ter-
rain, indicates that groundwater follows deeper
pathways less likely to be intercepted in the ri-
parian area. Drainage density (the linear extent
of streams per square mile) in such areas is also
less, since there is less runoff to establish stream
channels. A high drainage density also results in
less loading per linear foot of riparian buffer.
Drainage density can provide a reasonable esti-
mate of base flow partitioning where USGS data
are unavailable.

Information on the geology of a site is readily
available from the state geology maps. State and
U.S. Geological Survey personnel are also help-
ful in interpreting their hydrogeological implica-
tions, including base flow/storm flow
partitioning.

In many areas of the Chesapeake Bay Watershed
where there is a high clay content or fragipan in
the Bt horizon, some of the groundwater follows
a shallow subsurface pathway. Known as inter-
flow, this groundwater flow contributes to the
formation of the “Partial Contributing Area”
(PCA) when it emerges at the base of hillslopes
during storm events. As displayed in Figure 5-1,
PCAs occur at the base of concave, convergent
hillslopes and generally extend to the streamside,
although there are many instances where the
groundwater reinfiltrates before contact with the
riparian buffer. PCA sites occur above the
headwaters and in the draws draining into
streams. These sites are also excellent locations
for the removal of dissolved NPS pollutants,
even though they would not be considered in a
streamside location. Channelized flow often be-
gins in the PCAs along draws, where RFBSs
would stabilize the soils and permit reinfiltration
to occur.

In certain cases, PCAs in soils with a high clay
content can occur in areas with limestone geol-
ogy and high base flows. In this case, RFBSs
located in the PCAs in upland draws may well be
more effective than those located in the riparian
area.
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It is also important to examine the hydrology of
the riparian area itself. Where the riparian area is
very well-drained, there is much less potential for
groundwater interception by the root zone.
Where the riparian area is moderately well
drained and subject to occasional inundation, the
potential for interception is greater, as ground-
water is closer to the surface. Where riparian
soils are saturated, as in a wetland, much of the
groundwater flows through the root zone.

Geomorphology and topography also control
groundwater interactions. Groundwater will tend
to bypass the riparian buffer where the valley is
relatively steep, except at the immediate edge of
the stream. Where the riparian buffer area is
relatively flat, groundwater will be closer to the
root zone farther from the edge of the stream,
and the RFBS would be wide enough to be ef-
fective.

Table 5-5 lists the characteristics of the riparian
area that affect the potential for interaction with
groundwater.

Using the criteria displayed in the preceding ta-
bles, the potential for groundwater interactions
within the riparian root zone can be estimated
after examining and comparing the geology, hy-
drology, riparian drainage, and riparian/upland
topography. The best locations for groundwater
interactions would have the shallowest flows and
greatest potential for riparian interception. Ri-
parian interception potential may be the control-
ling factor, since a steep well drained riparian
area will have minimal interactions, regardless of
the thickness of the underlying flow groundwater
flow paths.

Having determined the areas of greatest loading
and evaluated downslope riparian site potential,
it is a straight-forward process to determine the
most effective locations for riparian forest buff-
ers. Where loading is high, but interception po-
tential is low, or where loading is low, a RFB
will remove relatively little nitrate. Where the
loading is highest and the interception potential
is best, a RFB will have the greatest effective-
ness.



Table5-5
Riparian Groundwater Interception According to Physiographic Factors

Interception Highest Medium Low Lowest
Potential

Riparian Slope 0-3 percent 3-8 percent 8-15 percent >15 percen
Hydrologic D C B A

Soil Group

Riparian depth 0-2 feet 2-4 feet 4-8 feet >8 feet

to SHWT

Proximity to adjacent close (<200 feet) far (200 feet fodistant (> 600 feet
Source <600 feet)

Stream Order draws, first order second order third order higher orderg

The width of a riparian forest buffer designed for

removal of dissolved NPS pollutants is strongly
influenced by its potential to intercept ground-

water flow. Removal of groundwater nitrate

seems to occur within a relatively short width, as
narrow as 50 feet. This corresponds to Zone 2 of
the USDA Forest Service specification. In a

flood plain where site conditions are favorable

over a large area, a narrow RFB next to the
stream may intercept most of the groundwater
flow.

Where riparian site conditions are less than fa-
vorable, the riparian forest buffer width should
only extend to the point at which interception by
the root zone is likely. A wider buffer is unlikely
to remove additional nitrate. Instead, potential
RFB sites should be located in the PCAs at the
bottom of slopes where channelized flows origi-
nate above the riparian area. While not stream-
side forest buffers per se, these locations should
be considered as part of the overall NPS removal
strategy, particularly where the landowner objec-
tives may be the other functions that are dis-
cussed in Section Il

This discussion has provided a framework to
evaluate riparian sites for their potential to re-
move NPS pollutants. By mapping those sites
that most effectively intercept both overland and
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subsurface loading, the optimal locations for a

RFB will become apparent. The location and

width of the RFBS would then be based upon the
specific criteria presented in the tables. Specific
planting design methods for a RFB are presented
in Section VII.
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Determining Buffer Width

Determining the Width of
Riparian Buffers

There is substantial agreement in the scientific
community about the value of using vegetation
to buffer valuable aquatic resources from the
potential impacts of adjacent human use of the
land. There is also general agreement that the
greatest range of buffer benefits is provided
when natural vegetation, like forests, are the
target vegetation. However, there is often little
agreement and much continuing research and
debate over how to best achieve the level of
protection needed and how to best delineate and
manage a buffer. Of all questions related to
practical use of riparian buffers, determining the
appropriate minimum width of a buffer is cer-
tainly the most frequently discussed.

One of the important factors which determines
the effectiveness of a buffer is its size or effec-
tive width. Buffers that are too narrow may still
place water quality or aquatic resources at risk.
They may also present problems with
sustainability over the long term. Although
wider is nearly always better, buffers that are
wider than needed may unnecessarily restrict
use of a portion of the land. Therefore, the need
to determine “minimum” widths has been a pri-
mary focus of resource agencies and local
governments for many years. Complicating the
picture further, buffer size requirements are
typically established by political acceptability
and compromise rather than on scientific merit.
It is likely that these debates will continue.

Buffer Width Criteria

Various approaches and formulas have been
devised to determine and evaluate the needed
width of a riparian buffer. Establishing criteria

that are scientifically based should be the goal
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of resource and conservation agencies. Four
criteria are generally discussed for determining
the adequate width of riparian buffers for pro-

tection of streams. They are the:

1. existing or potential value of the resource
to be protected,

2. site, watershed, and buffer characteristics,
intensity of adjacent land use, and

4. specific water quality and/or habitat func-
tions desired.

w

If necessary, these scientific criteria can then be
modified by the management objectives or con-
straints of a given landowner or land
management agency. In this way, scientific cri-
teria guide width decisions, but are modified by
socioeconomic variables where the risk and
benefits of the decisions can be identified and
discussed.

For example, when a 75-foot-wide buffer is de-
termined appropriate, but is reduced to 25 foot
by constraints imposed by land use, the risk of
reduced water quality functions and potential
sustainability should be identified. Likewise,
when a decision is made to choose warmseason
grasses over forest as the target buffer vegeta-
tion, reductions in stream stability, flood
mitigation, groundwater nutrient removal, and
aquatic/terrestrial habitat should be identified.
In simple terms, narrower buffers may be ade-
quate when the riparian area is in good
condition, the resource values may be low, site
conditions are ideal, the adjacent land use has a
low potential for impact, and/or the desired
buffer functions are few. Conversely, wider
buffers are necessary when the buffer quality is
poor and high-value water resources exist adja-
cent to intense land uses where a high level of
multiple buffer functions is desired.
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Figure 6 - 1. Criteria for determining width of riparian buffers and their relationship to landowner
objectives

Science-Based Criteria

Decisions about buffer width can be made using
professional judgment in choosing among the
following criteria. Four criteria (Figure 6-1) are
discussed for which data may be available to
support an informed decision. These criteria
can form a “checklist” for buffer width determi-
nation.

Existing or Potential Resource Value

In general terms, narrower buffers are adequate
when the stream, wetland, shorezone, or lake is
of relatively low functional value. Although the
determination of “value” can involve subjective
judgment, scientific information can be applied
to assist in this assessment. For example, states
routinely rate the value of fish habitat based on
potential natural condition or the target species
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being managed. The Chesapeake Bay Program
has identified priorities for stream blockage re-
moval based on value to migratory fish.
Streams in watersheds providing municipal wa-
ter supply or recreational use would likewise be
considered of high functional value. Aquatic
systems with a high disturbance regime or ones
that are dominated by non-native species may be
considered of lower functional value.

Conversely, degraded watershed, water quality,
or habitat conditions may also be used as criteria
for increasing buffer width if desire for im-
provement of conditions related to riparian areas
has been specified. The designated uses of wa-
ter or specific fish or wildlife species needs
should be considered when buffers are estab-
lished as a component of watershed restoration
rather than protection strategies.



Site, Buffer, and Watershed
Characteristics

Site factors are most important when evaluating
performance in pollutant removal (Table 6-1).
This is because reliable generalizations about
the role of riparian buffers as nutrient and sedi-
ment filters can be based on the condition of the
soil in the buffer area (including plant, animal,
and microbial communities present) and the
route and rate of surface and groundwater
movement through the buffer. These character-
istics are complex, interrelated, and not always
apparent to the field observer. For example,
judgments about water quality performance of a
buffer in the Coastal Plain may be made on ob-
servations of surface storm runoff, not
recognizing that 50-80 percent of nitrogen loads
are carried by subsurface water flow. Site fac-
tors are also discussed later in desired buffer
functions, but some general comments can also
be made.

Site Criteria Affecting
Buffer Width

» watershed condition

* slope

e stream order

* soil depth and erodibility
e hydrology

« flood plains

e wetlands

e streambanks
 vegetation type

e stormwater system

Table6-1
Site Factors that Enhance or Limit Pollutant Removal Effectiveness of Buffers

(adapted from Schueler, 1995)

Factors that enhance effectiveness

Factors that reduce effectiveness

Slopes < 5 percent

Slopes greater than 5 percent

Contributing flow length <150 feet

Overland flow paths over 300 feet

Seeps, high water table—subsurface flow

Flow path to deep or regional ground

vater

Permeable, but not highly sandy soils

Compacted soils

Level spreaders or flow dispersal

Concentrated storm flow

Organic matter, humus, or mulch layer

Snowmelt, ice conditions, low organic

soil

Entry runoff velocity less than 1.5 feet/secon

d

Entry runoff velocity more than 5

feet/second

Routine maintenance

Sediment buildup at entrance

Poorly-drained soils, deep roots

Shallow root systems

Forest and dense grass cover (6 inches)

Tall bunch grass; Sparse vegetative

cover




Slope - Slope has the greatest influence over
sediment removal and is a determinant in the
rate and nature of water flow. In general terms,
steep slopes increase runoff velocity and the
volume of surface runoff. Buffers are often ex-
panded to include steep slopes on small streams
or buffer widths are increased on steeper slopes
to provide a lower risk of impact from adjacent
land use. For forestry practices in Maryland for
example, a minimum 50 foot buffer width is
modified for slope by adding 4 feet for each
percent of side slope.

Stream Order— In order to design an effective
stream buffer system, it is important to under-
stand spatial connections between the stream
and its watershed. Stream order is a useful tool
to classify elements of the stream network.
Headwater streams, defined as first or second
order, are generally short in length, but comprise
75 percent or more of the total stream and river
miles. In general terms, buffers have the great-
est potential for control over water quality when
adjacent to low-order streams. Lower order
streams are small in size and have less contrib-

uting area per unit volume of water. Smaller
buffers may be adequate to maintain the desired
level of protection for first order streams.

As stream order increases, the contributing area
and volume of water available to the buffer area
also increases, potentially diminishing the rela-
tive capability of the buffer to filter and remove
pollutants as a percent of total loading. This
does not mean that the buffer's effectiveness in
treating pollutants immediately upslope may be
compromised, only that the magnitude of con-
trol exerted over the water in the stream
diminishes. An example of this type of relation-
ship is portrayed in Figure 6-2. Likewise, as
stream order increases so does stream size, thus
decreasing the ability of streamside trees to pro-
vide control of water temperature. The
importance of the buffer zone in flood mitiga-
tion, on the other hand, may increase with
stream order, whereas, critical fish habitat may
be maximized by streamside trees in low to mid
order streams.

Flood Mitigation

Relative value of buffer

Sediment Control
=~ Nutrient Removal
Streambank Stabilization

Fish Habitat
Aquatic Food Web

Water Temperature Moderation

Stream Order

Figure 6 - 2. Generalized effect of stream order on variations in buffer function.
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Target Vegetation and Condition i simple
terms, adequate buffers may be smaller if prop-
erly designed and maintained in good condition.
Most riparian buffers use adapted or enhanced
natural vegetative systems. Therefore, buffers
in better condition (e.g. dense native vegetation,
undisturbed soils, healthy microbial community)
are likely to provide a variety of functions more
effectively. Common sense shows that by
looking to the natural ecosystem, the natural
resource manager will find guidance in main-

Although a number of vegetation types can be

used to meet these specific buffer functions and

provide multiple benefits, in the Chesapeake

Bay region, as in much of the eastern United

States, these benefits are amplified by or require
a streamside area that is forested. Forests pro-
vide the greatest range and number of potential
environmental benefits, and therefore, should be
promoted as the target vegetation whenever pos-
sible in a hierarchy of vegetation types. These

benefits are summarized in Table 6-2.

taining and restoring riparian functions.
Table 6 - 2
Benefits of Riparian Buffers That Include Woody Vegetation
Greatly enhanced by
Benefit or requiring Forest
Protection from streambank erosion v
Increased removal of nitrogen v
Removal of phosphorus and sediment
Reduced downstream flooding v
Thermal protection v
Food and habitat for wildlife v
Food and habitat for fish and amphibians v
Foundation for present or future greenways v
Increased urban/suburban property values v
Provision of corridors for habitat conservation v
Preservation of “right-of-way” for lateral movement
Enhanced potential for stream restoration v
Reduced watershed imperviousness v
Reduced small drainage complaints
Protection of associated wetlands v




Incorporation of flood plains and wetlands -
Buffer width is often expanded to incorporate
sensitive landscape features such as flood plains
and wetlands. Including the entire flood plain
width is desirable, but often difficult. Additional
areas such as stormwater ponds and buffer in-
filtration areas (biofiltration swales) will often
be incorporated in buffer layout in urban areas.

Continuity - Achieving contiguous buffers on
the landscape along a stream system may be
given a higher priority than increased width in
areas where aquatic and terrestrial habitat goals
are important.

Soils - Along with hydrology, soil characteris-
tics are important in determining potential for
removal of nitrogen and pollutants carried by
sediment such as phosphorus and some pesti-
cides. Primary considerations are soil texture,
depth to water table, and organic matter content
of soils. Moderate- to well-drained soils have
the greatest permeability and intercept large
amounts of water that may enter the buffer as
surface flow, thus promoting deposition of
sediment and related pollutants. Conversely,
moderate- to fine-textured soils have superior
potential to create conditions favorable for ex-
tensive denitrification.

Since denitrification is carried out by anaerobic
microbes, soil conditions must be wet enough to
allow oxygen depletion to occur. The large
amount of decaying organic material on the
ground and in upper soil layers in forested buff-
ers helps to deplete oxygen supply and “fuel”
the denitrification process. Although denitrifi-
cation rates and duration vary depending on site
conditions, even drier forest soils commonly
have pockets that support these bacteria. In
more poorly drained, higher organic matter soil,
denitrification may proceed at relatively high
rates in the top foot of soil. At better-drained
sites, denitrification depends on the cycling of
plant biomass back to the surface in litter fall.
Here denitrification will not be uniform, but still
active in surface soil. A combination of soil
properties which provides a gradation of coarse-
to finer-grained materials closer to the water-
body seems ideal. Sites with a depth to water
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table of 3 to 15 feet will allow maximum root
penetration by woody plants and sustain uptake
of nutrients and chemicals in solution below the
surface. The water table need only be present
for a portion of the year.

Hydrologic Soil Groups are often used as crite-
ria for determining buffer width and are

commonly available in county soil survey re-
ports (Section V).

Intensity of Adjacent Land Use

Generally, when the density, intensity, magni-
tude, or potential impact of the activity
increases, the width of the buffer necessary to
contain the negative effects increases propor-
tionally. The differences between developed or
disturbed lands and the aquatic environment are
significant; the more intensely developed or
disturbed, the more significant. Likewise, the
size or importance of the buffer increases as the
potential yield of nutrients, chemicals, sediment,
and runoff from adjacent land use increases.
Table 6-3 illustrates how these loadings can
vary by land use. However, it is clearly recog-
nized that a number of desired buffer functions,
such as nutrient removal, are reduced in urban
areas as impervious surface increases. Impervi-
ous surfaces increase watershed runoff
efficiency reducing base flow to the stream and
limiting the total volume of water passing
through the buffer.

Buffer widths prescribed in urbanized areas are
often increased to account for the risk of future
encroachments and to anticipate future changes
in stream morphology due to increases in
stormwater runoff. This stream “right-of-way”
approach is useful in development site planning.
Maintaining larger wooded corridors along
streams and rivers in urban planning helps pre-
serve open space and offset general forest loss
in a watershed. It is often most economical to
consider this approach at the onset of land use
change.



Nutrient Loading Delivered to Edge of Stream as Used in the

Table 6 - 3

Chesapeake Bay Watershed Model
(does not include manure application areas)

Total N Total P
Land Use (Ibs./acrelyear) | (lbs./acrelyear)
Forest 3.00 0.05
Pasture 9.34 0.61
Urban 11.44 0.67
Cropland 21.13 1.84

Studies in the coastal plain of Georgia described
a relationship of buffer area to contributing area
treated of 1:3 in agricultural areas with high nu-

trient loads. This ratio may be higher where

potential impacts are less. Likewise, smaller

buffers may be adequate where the magnitude of
impact from land use is also low, e.g. parklands,
haylands, or low-density development. A buffer

width that is one-third the distance from the

streambank to the top of the pollutant source
area is sometimes recommended. The intent is
to create a buffer between field and stream
which occupies approximately one-third of the

source area. This is reduced to one-fifth of the
drainage area for lakes and ponds.

Desired Buffer Functions

One of the most important scientific criteria for
determining buffer size requirements is an
evaluation of the specific functions that a buffer
needs to provide under site-specific conditions.
A search of the literature clearly suggests that
buffer sizes necessary for adequate performance
of specific buffer functions vary widely. Ac-
cordingly, some judgment and setting of
priorities is nearly always necessary to attain a
desired minimum buffer width for a desired set
of functions. Figure 6-3 illustrates a generalized
range of minimum widths based on specific ob-
jectives for the buffer. The following is an
overview of some important buffer functions
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and discussion of their relationship to width.
Scientific references for these discussions are
extensive.

Sustainability - Inevitably, when discussing ri-
parian buffer establishment, the concept that
“anything is better than nothing” will be raised.
This is probably an accurate assessment when it
comes to maintaining the functions of stable
streambanks and making some improvements in
stream or shoreline habitat. However, it is im-
portant to recognize that for a riparian area to
serve the water quality functions of buffering
impacts from adjacent land use, a “critical
mass” or sustainable width is often essential.
Buffers of less than 50 feet have proven in-
creasingly difficult to maintain as effective
filters in the field, except on small, low order
drainages.

Sustainability should be a key consideration of
buffer layout and design, prior to making sub-
stantial investments or assumptions about
expected buffer performance. Sustainability
like other functions will be determined by site
characteristics and adjacent land use. For ex-
ample, very narrow buffer strips of 15 to 25 feet
are generally inadequate for sediment or nutrient
reductions, except on small, low order streams.
Narrow forest strips may provide shade and
bank stability, but may not sustain a forest eco-
system capable of accumulating organic matter
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Figure 6 - 3. Range of minimum widths for meeting specific buffer objectives.

and providing the water storage necessary for
desired levels of nitrogen removal. These
narrow strips are also far more susceptible to
damage from floods and blowdowns. Grass fil-
terstrips may be effective initially at reducing

sediment loads, but be quickly overwhelmed if
sediment loads remain high.

Excess nitrogen removal Determining the
ability to provide nitrogen removal should con-
sider: 1) the pathway by which nitrogen enters
the buffer zone (e.g. surface runoff, deep or
shallow groundwater, atmospheric deposition),
and 2) the potential for transformation of nitro-
gen within the buffer strip due to site conditions.
By filtering and absorbing runoff and reaching
groundwater within the rooting zone, nutrients
such as nitrogen (and dissolved phosphorus) are
processed in plant uptake or transformed by de-
nitrification. The denitrification process
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converts excess nitrogen compounds into nitro-
gen gas that is released into the atmosphere.
Microbes use organic compounds as food, de-
grading them into simpler compounds or
synthesizing them into microbial biomass. Ri-
parian forests in particular, support a variety of
microbial degradation mechanisms, though the
specific conditions that promote them are not
yet well understood.

Although the focus of many studies is often

placed on surface flow, it is important to recog-

nize interactions with water traveling as shallow

or deeper groundwater. Groundwater carrying
nitrogen passes through or surfaces within the
riparian area where it can be acted upon by
biological processes in the buffer. The natural
resource manager must pay close attention to
both localized and regional flow paths in deter-

mining this function.



Processes of denitrification occur under a wide
range of conditions, but will be most intense in
the wetter streamside area, whereas, the uptake
of nitrogen by vegetation will begin at the up-
slope edge of the vegetation. Woody plants
enhance buffer functions through aggressive
uptake of nitrogen in plant biomass, accumula-
tion of organic matter, root-fungal interactions,
and moisture retention. In this way, some re-
ductions in overall buffer width may be possible
when forests occupy a substantial portion of the
buffer system. Efficiency will depend on resi-
dence time (affected by width) and nutrient
load. In nearly all documented studies, most
nitrogen removal occurred in the first 35 to 90
feet of forest. Nitrogen reductions of 25 to over
90 percent of total loadings have been shown in
field studies. Where conditions for water stor-
age, vegetative uptake, and denitrification are
ideal, widths as small as 35 feet may provide
substantial removal of the nitrogen passing
through the buffer.

There are a variety of hydro-physiographic re-
gions in the Chesapeake Bay Watershed and
each one has an effect on nitrogen processing.
See Section Il for additional descriptions of
these areas.

Reduction of sediment and phosphorus
Vegetated buffers improve water quality by
trapping sediment and debris, by stabilizing
streambanks, and by promoting infiltration of
runoff. Vegetation forms a physical barrier to
movement and mechanically traps associated
sediment. Roots maintain soil structure and
prevent erosion of soil. Reducing flow rates and
disrupting channelized flow by providing resis-
tance is the role of vegetation, thus allowing
more time for infiltration and settling of sedi-
ment. Because nearly 90 percent of phosphorus
is carried to streams attached to soil particles or
organic matter, reducing sediment transport
helps to reduce phosphorus loads. The ability of
vegetation to colonize the sediment and rapidly
use available phosphorus is a related function.
Reductions in soil sediment by 40 to 70 percent
from lands using riparian buffers are typical.
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Prevention of channelized flow is the primary
concern for sediment removal and is signifi-
cantly affected by slope. Most studies show
buffer widths of 50 to 100 feet for adequate re-
moval. While small buffers remove small
amounts of sediments, the relationship between
buffer width and sediment removal is not linear.
Beyond efficiencies of 80 percent removal, dis-
proportionately large buffer widths are required
for incrementally greater sediment removal.
Except under conditions of excessive channel-
ized flow and steep slopes, buffer widths in
excess of 150 feet did not show additional re-
turns. Maintaining vegetation cover sufficient
to reduce flow is key. In agricultural areas, re-
searchers found that of the 35 or more grass
filter strips inspected after three to five years of
use, less than 10 percent continued to be effec-
tive because of channelized flow and sediment
build-up at the field edge of the filter strip. The
combination of grass filter strips with a forested
buffer are especially efficient in performing this
function.

Reduction of pesticides Generally speaking,
buffer strips of 45 feet or more have proven ef-
fective in reducing some  pesticide
contamination of streamflow. Factors that af-
fect pesticide transport in buffers are similar to
those affecting nutrients. Most pesticides in
common use are adsorbed to soil particles or
carried in runoff and subsurface flow. Organic
pesticides are subject to microbial breakdown
processes common in organically rich riparian
forest environments. For example, buffers are an
effective tool prescribed for protection of water
supplies from atrazine.

Moderation of water temperature Forested
riparian buffers provide shade cover, thereby
helping to lower water temperatures during
summer and lessen temperature decreases in
winter. Lack of shade has a direct effect on
water quality and aquatic life. Elevated tem-
peratures are a catalyst for water quality
problems by accelerating or increasing the im-
pacts of nonpoint source pollution and robbing
oxygen from the system. Small streams flowing
through exposed reaches can increase as much



as 1.5 degrees F for every 100 feet of exposure
to summer sun. Maximum temperature fluctua-

tions for daily peaks can be as much as 12 to15
degrees F higher, and ambient temperatures of 6
to 8 F degrees higher are not uncommon. The
evapotranspiration process of forests also con-
tributes to lower water temperatures. The

removal of streamside trees is one of the most
significant causes of degradation for streams in

the United States.

The ability of a buffer to provide shade is di-

rectly proportional to height of the vegetation

and bankfull width of the stream. Even 15- to

25-foot buffers can provide adequate shade for
small streams. Fifty- to 75-foot forest buffers

are sufficient to ensure favorable conditions for
trout, and buffer widths along slopes can de-
crease with increasing tree height with no loss
of shading. Aspect is also an important consid-
eration. Grass filter strips along streams are
generally unable to provide cover sufficient to

moderate water temperature.

Preservation of stream channel integrity and
bank stability - Vegetation in the riparian area
exerts a strong control over the condition and
stability of the stream and its banks. In the east-
ern United States, trees often define the physical
characteristics of stream channels. Trees anchor
streambank soils through dense root masses, and
large roots provide physical resistance to flow
energy. Woody debris anchors channel sub-
strate and determines bar formation, stores large
amounts of streambed sediment and gravel,
helps control sinuosity, and provides channel
structure through pool/riffle or step formation.
Until recently, the value of large woody debris
was misunderstood and much was removed
throughout the country. It is likely that the di-
rect effect of buffer width on this function is
limited. Only vegetation within 25 feet of the
stream channel will provide a powerful role in
stabilization. However, increasing buffer width
will continue to indirectly enhance stream sta-
bility by providing additional protection and
stability during extreme flood events, allowing
stability during channel migration, and as a
physical barrier to human impact.
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Moderation of storm flows and runoff Stream
corridors and natural forest vegetation help to
reduce the downstream effects of floods by dis-
sipating stream energy, temporarily storing
flood waters, and helping to remove sediment
loads through incorporation in the flood plain.
On a given site, a vegetated buffer that resists
channelization is effective in decreasing the rate
of flow, and in turn, increasing infiltration. For-
ests provide as much as 40 times the water
storage of a cropped field and 15 times that of
grass turf. These increases in storage are largely
due to the forest’s ability to capture rainfall on
the vast surface area of the leaves, stems, and
branches; the porosity and water holding capac-
ity of organic material stored on the forest floor
and in the soil; and the greater transpiration
rates common to the community of forest vege-
tation. Forests are being evaluated more
frequently for their role in reduction of water
volume for stormwater management.

Increasing width to incorporate the flood plain

also increases the potential efficiency of water
storage from upstream flow during storm events.
Providing flood storage buffers where possible
along smaller streams in a watershed may pro-
vide a valuable approach to downstream flood
reduction. However, once the entire flood plain

is included within the buffer area, the effect of

buffer width on flood peak reductions is negli-

gible.

Provision for aquatic habitat and food Leaf
litter is the base food source in most stream eco-
systems and streamside trees are critical in
establishing this aquatic food web. Small fish,
some amphibians, and most aquatic insects rely
primarily on leaf detritus (dead leaf material)
from trees as food. Studies have shown that
when streamside trees are removed, many
aquatic insects decline or even disappear, and
with them, native fish, birds, and other species
that may depend on them. Some insects are
adapted to specific tree species and are unable
to reproduce or even survive when fed the
leaves of grasses that are non-native or exotic
species.



Large woody debris also creates cover and
habitat structure for fish and other aquatic spe-
cies in shallow water estuarine habitat. Here it
may serve as a nursery area or refuge for fish,
crabs, and other organisms. This function is
noteworthy in the Chesapeake Bay since the
decline of submerged aquatic vegetation. Al-
though the portion of the buffer nearest the
waterbody exerts the greatest influence over this
function, increasing buffer width provides sup-

port and sustainability. This is especially true

when considering the need to provide long-term
woody debris recruitment, diversity of vegeta-

tion for leaf detritus, and refuge for species

during high water. The presence of trees is di-
rectly related to greater biodiversity in the

stream ecosystem.

Provision for terrestrial habitat corridors-
Riparian areas have the potential to provide rich
habitats for a wide diversity of wildlife species.
Species such as turtles, pheasant, turkey, wood
ducks, great blue herons, woodpeckers, raptors,
tree frogs, salamanders, songbirds, and many
mammals require trees for breeding, nesting,
feeding, and escape habitats. Even narrow for-
est strips will provide essential habitats for some
of these species. However, the width and char-
acter of buffers will vary to meet the needs of
particular species. A mixture of grasses and
forbs, especially tall species, will provide suit-
able habitat for some game birds. In all cases,
maintaining forests as a component of the buffer
system greatly enhances diversity and abun-
dance of birds and other wildlife.

Buffers also provide transition zones between
upland and aquatic environments. Although

buffers alone will not provide needed migratory

songbird habitat, studies have shown that even
narrow 100-foot corridors increased neotropical

bird abundance when they connected small
patches of remaining forest. To provide corri-

dors for movement of many larger mammals

such as deer and bear, or to provide reliable
breeding habitat for migratory songbirds, larger

buffer widths (100 to 300 feet) are needed.
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Landowner-Based Criteria

Riparian buffers can also be designed to provide
additional human benefits such as recreation and
aesthetic enjoyment, as well as sites for hunting,
fishing, or observing nature. Buffers can pro-
vide the foundation for future greenways. In
addition, buffer width may be expanded to pro-
vide an economically-viable unit for future
timber harvest or to provide sufficient land base
to sustain other secondary products derived
from compatible activity within the buffer.

Landowner concerns most often serve to con-
strain the width of a buffer. These decisions

may be due to economic considerations, live-
stock watering and pasture management,
operation of adjacent farm fields, competing

uses, or existing developments. As decisions
are made, landowners should be aware of the
potential changes in desired buffer functions
that occur and the potential compromise of long-
term values. This is especially important when
buffers are being used within the context of

overall nutrient management plans. In most
cases, a buffer width can be determined which
will meet landowner needs while also providing

an adequate array of buffer functions.

Application

Given the practical need for simplicity, the op-
erable question is how these multiple criteria
can be incorporated in field applications. The
problems related to using multiple criteria are
not effectively addressed in the scientific lit-
erature. Most often, states or local agencies use
an approach where multiple buffer criteria are
simply stated as separate requirements and their
interpretation is left to field staff. This ap-
proach has considerable merit, but results in
inconsistency. There are several other methods
with potential where multiple criteria are com-
bined into a single requirement. One example is
the cartographic modeling approach used in
conjunction with a GIS. Here, multiple criteria
are expressed in spatial terms, and mapping of
buffer widths capable of meeting the criteria are



displayed. For example, if temperature modera-
tion is desired, a level of shading needed for the
stream can be determined. Extension of this
approach to multiple resource values and de-
sired functions would be possible if additional
criteria can be determined and expressed in spa-
tial terms.

Another approach, maximum protection, evalu-
ates each of several criteria and then adopts the
greatest width to accommodate all desired func-
tions. A variation on this approach commonly
used is to utilize average widths in the same
manner. A regional method might also be used
to set a recommended buffer width. For exam-
ple, buffer widths could be determined based on
a set of criteria and desired function for selected
stream reaches within a region. Then, by evalu-
ating the statistical probability of occurrence for
various stream types within a watershed, a re-
gional buffer width could be selected to meet
the criterion a prescribed percent of the time.
Approaches of this kind are also useful in pri-
oritizing or targeting areas for protection or
restoration.

Many agencies rely predominantly on stream
rating systems to establish minimum buffer
sizes. Most minimum widths are determined by
functional resource value alone or a specific
intended use or group of uses rather than by site-
specific factors. By looking at one function
alone or one site criteria, application is simpli-
fied, but most of the scientific information
available may be ignored.

The last and perhaps simplest approach may be
to determine a minimum width that will meet a
majority of the multiple desired functions with
the target vegetation. This could provide a lim-
ited number of additional site criteria that would
allow for modification and flexibility based on
site conditions.

Fixed Minimum Versus Variable
Width Buffers

There are two principal ways by which most
buffer widths are defined: 1) the width may be
set as a fixed distance, usually measured from
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the streambank on each side of the stream, or 2)
the width may be variable depending on specific
natural or man-made features adjacent to the
waterway. Minimum width buffer strips are
usually promoted primarily because they are
simple to implement and administer. Because
minimum widths are most often developed by
compromise or by considering an average of
desired functions, it is likely that minimum
width buffers may provide more than adequate
protection in some areas, and inadequate pro-
tection in others. Where political compromise
has resulted in very narrow buffer widths, peo-
ple may be given a false perception that a stream
is protected when serious risk may still exist.
Fixed buffer widths in common use across the
country range from 25 to 300 feet or more.

Variable width approaches to buffers usually
attempt to integrate buffer functions with site-
specific conditions. In this way, the width of the
buffer depends not only on the minimum width
needed for a specific function or set of func-
tions, but also on the sensitivity and
characteristics of the stream and watershed in
which it is located. Adjacent slope, soil type,
presence of wetlands and flood plains, mature
forests or special habitats, scenic or cultural
features, recreation use, and other local aspects
of significance may be considered in determin-
ing buffer width. Buffer expansion and
contraction, as a characteristic of design width,
are promoted, especially in urban settings. A
range of adequate widths may also be provided.
Although, variable width approaches are likely
to be more science-based, they inevitably re-
quire more extensive site investigation and
evaluation and are ultimately more difficult to
monitor and administer. Often a combination of
these approaches is used. For example, a mini-
mum width is determined and specific criteria
for expansion and contraction are specified.

The 3-zone buffer concept, discussed in Section
I, presents another way in which desired buffer

functions/values can be evaluated, resulting in a
design that meets the landowner’s or resource
manager’s needs. Specific zones are managed
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Figure 6 - 4. Each zone of the riparian forest buffer provides various functions and values to the

landowner.

alone or in combination to accomplish various
objectives. Figure 6-4 illustrates how some
common buffer functions apply to the 3-zone
concept of buffer design.

Conclusion

The scientific literature clearly supports that
there is no “ideal” buffer width for all applica-
tions in all areas. A number of criteria are
appropriate for consideration in determining
adequate buffer widths in an ecosystem context.
Evaluating a combination of these factors such
as site and watershed characteristics, functional
resource value, intensity of land use, and desired
buffer functions all provide considerations from
a scientific viewpoint. Because most buffers are
established on private lands or public lands
managed for a variety of wuses, land-
owner/manager and public constraints and
objectives are also considered.
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The most commonly prescribed minimum buffer
widths for use in water quality and habitat
maintenance are approximately 75 to 100 feet.
The scientific literature appears to support that
buffers of less than 35 feet cannot sustain long-
term protection of aquatic resources. To pro-
vide an array of functions then, buffers should
be a minimum of 35 to 100 feet in width under
most circumstances. Buffer widths toward the
lower end of the range appear to provide some
physical and biological components of the
stream ecosystem, especially on small streams.
Buffer widths at the upper end of the range are
likely to provide protection of physical, chemi-
cal, and biological characteristics of the aquatic
resource.

The establishment of riparian forest buffers in
agricultural or urban/suburban areas may require
significant care and investment. Likewise, pro-
tecting riparian forests as buffers also requires
an investment of land in lieu of other uses. Re-
gardless of how buffer width is determined,
resource professionals should ensure that three
basic elements are considered. First, the mini-



mum width should be of significant size to per-
form desired functions for water quality and
habitat. If buffer width is significantly reduced
or constrained by landowner or other criteria,
then the risk that certain desired buffer functions
may not be realized over time should also be
recognized. It is safe to say that an increase in
buffer width reduces the risk of failure. Third, a
determination of minimum width should con-
sider sustaining stream protection and buffer
functions over the long term and the potential
future threats to buffer integrity that the site,
stream, or watershed may experience.

Three main considerations for
determining minimum width:

v FUNCTION
v RISK

v SUSTAINABILITY
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Site Evaluation, Planning, and Establishment

Riparian Site Evaluation and
Planning

Site Analysis — Physical
Features

To design and establish a successful riparian
forest buffer, it is necessary to evaluate the ri-
parian area with respect to factors controlling
the viability of riparian plants. Soil moisture,
depth to seasonal high water table, flooding po-
tential, topography, soil reaction (pH), soil tex-
ture, and climate are the most important
physical characteristics of a riparian site. Since
they cannot be altered, these characteristics are
the primary criteria for selecting the proper
plant species.

Soil Moisture

An important factor affecting plant viability is
soil moisture in the root zone. Certain plants
tolerate, or even prefer, the saturated soils found
in wetlands. Most riparian species prefer moist
soils, such as those found on forested north-
facing slopes. Many species tolerate average
moisture soils found in less protected sites, and
a few riparian species can tolerate the dry soils
found on the most exposed sites. Table 7-1 pre-
sents the soil moisture tolerances and prefer-
ences of riparian plants, segregated by structural
categories of canopy, understory, shrubs and
forbs. Riparian species are listed in order of
relative soil moisture preferences.

In the field, simple procedures exist to measure
soil moisture. However, soil moisture fluctuates
considerably over the course of a year, so it is
difficult to reliably project the average growing
season moisture levels from a single measure-
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ment. The soil moisture regime and a table of
temperatures and precipitation are in soil sur-
veys.

Depth to Seasonable High Water Table

The seasonal high water table (SHWT) in the
riparian area can range from that of poorly
drained wet soils to well-drained drier soils over
a short distance from the stream bank. From the
stream, the groundwater rises at a relatively uni-
form gradient controlled by soil texture.
Coarser soils drain readily and have a flat pro-
file. Fine textured clays retard drainage, in-
creasing the groundwater gradient. Typically,
the groundwater gradient is less than the surface
profile, so depth to SHWT increases farther
from the stream. In clay soils, perched water
tables also occur, particularly in draws and at
the bottom of hill slopes. Where such perched
water tables occur, soils will be wet or moist,
even though the permanent groundwater table
may be considerably deeper.

Soil probes are a simple method to determine
depth to SHWT by observation of wetness
and/or soil mottling and gleying. Groundwater

elevations in the riparian area do not fluctuate
substantially over the year. Therefore, depths to
SHWT found from soil probes are a reliable in-

dicator of soil moisture. Information on the

typical depth to SHWT for a soil series is also
presented in the soil survey produced by the
Natural Resources Conservation Service.

Topography

Aspect and slope affect solar exposure. South-
and west-facing slopes are more exposed to
sunlight, lowering soil moisture. North- and
east-facing slopes and stream reaches are less
exposed, increasing soil moisture. This effect is
accentuated where the general topography is



relatively steep. Local topography within the  found at a similar SHWT below adjacent hill-
riparian area is also important. Hummocks and  slopes.

levees within the flood plain can isolate mois-

ture-intolerant species from the wet conditions

Table7-1
Physical Tolerances and Preferences of Riparian Plants
+ Preference/High Tolerance = Tolerance
PLANT NAME SOIL MOISTURE | DEPTH TO SHWT | FLOODING] TEXTURE | REACTION(pH) ]ZONE
— 5 ol bl 51 1T ol 2| > el
slo| ¢l | 2| 2 3| &8l2|¢l3l25]|2]3| gl <]
COMMON NAME Sl gl o) of ] wl ATlol Aol alolvlwe]l ol A

RIPARIAN CANOP
Swamp white-cedar + 1+ + ] + + Rl M N B N 5b-9a
Baldcypress + | + + 1+ ]+ + +] + + 5a-9a
Black willow +1+1 = + 1+l +] + 1+ +l+ ]+ +]+] + ]+ 139
Eastern cottonwood + 1+ 1 + + 1+ 1+ + +l+ ]+ +]+] + 1 + 1339
Red maple + | +] + + + | + + | + + ]+ ++] +] + 3b-9a
Swamp white oak +l+] + + |+ ]+ + + 1+ 1+ ]+ + 4a-8b
Blackgum + | +] + | = + + | + + + + ]+ ++] +] + 5a-9a
Green ash + |+l + =1+ +]+] +1+ + | +]+) +] +] + ] + J2a-9a
Silver maple + |+l + ] =1+ +]+] +Q1+ + ]+ ++] +] + 3a-9a
Sycamore = |+ + + |+ 1 +1 + + + ]+l +1+]l +] +] +15a9a
River birch =1+ + + | + | + + + |+ ]+ +] +] + 4a-9a
Pin oak = | +] + + + | + + | + + ]+ ++] +] + 5a-8b
Willow oak =1+ + + | + 1+ + 1+ + | + ]+ +] +] + 6a-9a
Hackberry =l +l + =1+ +]+1 + + + 1+l +1+] +] + ] +13b0-8b
Pitch pine = |+l + |l =1+ +1+1 + + + |+ ]+ +] +] + 4b-7b
American beech + | + + |+ +] + + ]+l + ]+ +] +] + 4a-9a
Sweetgum + | + + | + ] +] + 1+ + ]+ ]+ +] +] + 5b-9a
Black walnut + | + | = + | + ] + + + | +]+) +] +] + ] + J4b-9a
Bitternut hickory + | + + | + + + + ]+ ++] +] + ] + ]4b-8b
Persimmon + | + | = + | + ] + + + |+ +] +] + 5a-9a
White ash + | + + | +] + + + ]+l ++] +] +] + l4a-9a
Yellow-poplar + | + + | + ] + + + |+ +] +] + 5a-9a
White oak +]1 + | = + | +] + + + ]+ +] +] + ] + |4b-9a
Red oak + | + + | + ] + +1+]l+1+1+] +] + 3b-9a
Basswood + | + + | + + + ]+ +] + +| + | + |3a-8a
RIPARIAN UNDERSTORY
Boxelder + |+l + ]l =1+ +]+] + ]+ + ]+ ]+ +] +] + 2b-8a
Hazel alder + | +] = + 1+ 1+ + 1+ + ]+ +1+] +] + 3b-9a
Sweet bay + | +] = + | + ] +] + ]+ + |+ +] +] + 5b-9a
Blackhaw =1+ + + |+ 1+ + 1+ + 1+ 1+ +] +] + 6b-9a
Possumhaw = | +] + + 1 + ]+ + 1+ + | +]+) +] +] + ] + |I5b-9a
Witch-hazel =1 +] + + | + ] + ++l+ ]+ +] + ] + 4a-9a
Shad bush + | + + |+ +] + ++ ]+ +1+] + ]+ 3b-8a
Pawpaw + | + + | + +y+]+]+1+]+] +] +I5b-8a
Hornbeam +1 + 1 = + 1+ + + + 1+ L+ +] + 3b-9a
Redbud + | + | = + | + + + | +] + + ] + | + |I5b-9a
Flowering dogwood + | + + | + | + + + |+ +] + | + 5b-8b
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Table 7-1 (cont.)
Physical Tolerances and Preferences of Riparian Plants

+ Preference/High Tolerance = Tolerance
PLANT NAME SOIL MOISTURE | DEPTH TO SHWT | FLOODING | TEXTURE | REACTION(pH) JZONE
= - -
el sl =l B 2] gl el | sl 2| 2| 2| 2] 2| 8| B <
ol 2| x| 2| & 5] 7| &|2|3lg]ala]glgl 2l
COMMON NAME 2|l sl =l o] o] <] w AT ZI Sl S Qlolel 8 sl %
RIPARIAN SHRUBS
Buttonbush + | + + | + ] +] =1+ + |+l +«1=1+] +1 = lab-9a
Pussy willow + | + + + | + + =l +| =]+ = 3a-9a
Sweet pepperbush + | +] = + + | + =1 + + ]+ |+ +| + 4b-9a
Swamp azalea + | +] = + + | = + + |+ |+ +] = 4b-9a
Winterberry + | +] + + + | + + + ] +1+| +] =] =J4a-9a
Arrowwood + | +] + = + + | + + | = =+ |+ +| + 4a-9a
Highbush blueberry + | +] + = + + | + + | + + |+ |+ + ] + 4b-9a
Elderberry + | +] + = + + | + + | + + | + | + = | + 3a-9a
Virginia sweetspire = | +] = + | + | = + + |+« =1+ + 6b-9a
Inkberry =1 +] + + + | + + + |+ + ]+ + 5a-9a
Swamp leucothoe = | +] + + + | = = =]l +| +1 +| + 6a-9a
Pinxterbloom azalea = |+l + ] =0+ +]+] + ]+ + 1+ + ]+ 5b-8b
Bayberry = | +] + = + + | + + | + + |+ |+ =] +] = 4b-9a
Silky dogwood =1+l +1 =1+ + | + + = + 1+l +1 =1+ + 1| = l4b-9a
Common ninebark =1+l +1 =1->= + | + + |+ =+l +1=1l=1] +] + |3a-6b
Red chokeberry =]l +] +] =1-= + | + + | + + |+ +1+ ] +] = 4b-9a
SDiCEbUSh = + + = = + + + = = + = + + = 5b-9a
Gray dogwood sl +]l=1=1+]+1+ = =+l +0=1=1+1=13b-7b
Rosebay rhododendron § = | + | + + |+ ] + =l=1l+]l=1=]+1 +1] = 15a-6b+
Maple-leaf viburnum + ] + | = + | + + =1 =|+]+ + 3b-9a
FORBS AND FERNS
Jewelweed + | +] = + + | + + = +| +
Smartweed + | + ] + + + | + + =]+ + + | +
Royal fern + | +] + + + | + = =]+ =
Sensitive fern + | +] + + + | + = =]+ =
Joe-Pye weed + | + = + + + = =| +| +
Swamp dewberry =] +] + + + + = =l +| +1 =1+ + 4a-7b
Thimbleberry + | + = + + = =1=1+1+
Raspberry +]| + ] = + | + = =1 =|+1]+
GRASSES
Switchgrass + | +] + + + | + + + | + + 1+ +
Eastern gamagrass + | +] + + + | + = =]+ = + | +
Field bromegrass + | +] + = + + | + =1 = =] +| + + | +
Fowl meadow grass + | +] + + + | + = + | + | + + 1 +
Deertongue =]l +] + ] = + | + + = + 4+l +1+] +] +
Tall fescue + 1 + | + + | + + = + 1+ + + | +
Indiangrass =1 +] + 1 = + | + + = =+l +1+] +] +
Purpletop =]l +] + | = + | + + = =]+ = + | +
Big Bluestem = + | = = | +] + =1+ +]+ + | +
Little Bluestem =] + | = = | + + =1+ |+ + + | +

The soil moisture regime in the riparian area can
thus be estimated by relating SHWT and topog-
raphy. Wet soils are found at a SHWT less than
1.5 feet. Moist soils will occur where the

SHWT is from 1.5 feet to about 5 feet deep;
deeper where solar exposure is relatively low.
Average moisture occurs at a lower depth to
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SHWT or where the site is more exposed. Dry
soils occur where the SHWT is deepest, and the
site is most exposed, as would be found in a
deeply incised south-facing slope. Since wet
and moist soils dominate riparian sites, mapping
depth to SHWT concentrates on delineating the
boundary between wet and moist soils.



Topography also determines the extent and du-
ration of flooding events. Many species are well
adapted to flooding and should be planted in
flood plains and at the stream margin. Less tol-
erant species should be located further upslope.
Where topographic features are less well-
defined, local experience, high water debris
marks, soils maps, and informed judgment can
determine the limits of flooding. A map of
likely flooding, potential flooding, and unlikely
flooding can then be prepared. Information on
flooding tolerances of riparian species is listed
in Table 7-1.

The stability of the streambanks is another im-
portant factor that affects riparian forest buffer

design. Where the streambanks migrate during
excessive flooding, it is important to address

bank stability as part of the buffer design proc-

ess. This is discussed in detail in Section VIII.

Soil Reaction (pH)

In addition to soil moisture, pH is another im-
portant soil property relating to plant selection.
Plants should be selected based on the existing
soil pH. For this reason, field testing of soil pH
at representative locations in the riparian area is
necessary to ensure proper plant selection. Usu-
ally, soil reaction does not vary widely in the
riparian area. Where it does, a map of soil reac-
tion should be generated to assist in plant selec-
tion. The pH preferences and tolerances of
riparian plants are listed in Table 7-1.

Soil Texture

Solil attributes such as texture, pH, and fertility

are discussed in detail in Section IV. Most ri-

parian plants tolerate a wide variety of soil tex-

tures, although certain species do not tolerate
excessively sandy or clayey soils. Along with

organic matter, soil texture plays an important
part in determining available water capacity

(discussed in Section 1V). Texture also affects
the groundwater gradient, as discussed previ-
ously. Table 7-1 displays the differing prefer-

ences of riparian species to soil texture.

Climate and Hardiness Zones

Climate affects plant hardiness. Plant hardiness
zones in the Chesapeake Bay Watershed range
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from zone 5a to zone 8b. Nearly all of the plant
species listed in the Tables 7-1 and 7-2 are clas-
sified as being hardy throughout the watershed.
However, caution must be exercised when
specifying plants near the northern limit of their
hardiness zone. Riparian areas typically lie in
frost pockets that effectively reduce the regional
zone value by at least one increment. Microcli-
mate is also affected by solar exposure. Micro-
climate and seed source must be considered
where plants are specified near the limits of
their hardiness zone. (See USDA Plant Hardi-
ness Zone Map in the Appendix.)

Generating Maps

The first step in site analysis is to generate a
usable base map of the tract. U.S.G.S. quadran-
gles and soil survey maps can be enlarged for
use. Keep in mind, however, that if the maps
are enlarged, there will be significant inaccura-
cies because data are being used at a much
larger scale than they were intended. To enlarge
a 2000 scale quad to a 100 scale, enlarge it on a
copier by a factor of two over four steps to bring

it close to 125 scale. To calculate the final en-
largement factor, a known distance between two
features (measured on the original quad) is
measured with a 100 scale on the last enlarge-
ment. For instance, if a known distance of 600
feet scales at 730 feet, the final enlargement
factor will be 730/600, or 1.22. A similar pro-
cedure is used for the 1667 scale soils maps.

An alternative method is to digitize the features
within a Computer-Aided Design (CAD) system
and then scale to the final scale. An initial en-
largement or two is necessary to assist digitizing
accuracy. CAD systems rapidly manipulate data
in the process of preparing and refining base
maps, as well as formulating the planting plans
and plant schedules.

The enlarged quads and soil maps are traced
onto a combined base map. For field use, the
base map should incorporate features and land-
marks from the vegetation maps to help in lo-

cating the resource manager on the ground.
After refinements from field notes, the base map

is used to assist layout of the planting plan.



From field observations and soil probe meas-
urements of the seasonable high water table, it is
possible to draw up a map of the area.  The
procedure involves several steps: On the initial
base map, note soil probe locations with depths
to SHWT, wetland vegetation, incised channels,
hummocks, swales, benches, and other features
of interest. From this initial sketch, revise the
contours on the initial base map to conform
more closely to the observed conditions. Then,
insert interpolated contours to portray variations
in local relief. Absolute accuracy is not re-

quired; rather it is important to indicate the
relative topography in relation to the stream
channel, which sets the SHWT elevation.
Where incised channels, benches, and hum-
mocks occur, the SHWT will be deeper. Where
flat areas occur next to streams, or farther from
streams, the SHWT can rise within 1.5 feet be-
hind drier benches or incised stream channels.
The SHWT can be mapped to show where it is
less than 1.5 feet and over five feet. (Depths
over 10 feet are unlikely in most riparian areas.)

Table 7 -2
Ecological and Silvicultural Characteristics of Riparian Plants
+ Characteristic/Preference = Tolerance
PLANT NAME REGION JWILDLIFE VALUE J SHADE INDEX GROWTH RATE SIZE ROOTING
z
Z| 9| 4l = =
<| =| 2 . ol o 0 .
A EHEEEE HEREHEEEE BIEE
COMMON NAME ol o T]| S| 91l V]dlo A w)] S1 ol Alol Vv
RIPARIAN CANOPY
Swamp white-cedar + + + + + shallow
Baldcypress + + + + 1] = + shallow
Black willow = + + + + + + shallow
Eastern cottonwood + + + §+ + + shallow
Red maple + ]+ ]+ ]+ +]1+]= + 1+ + v. shallow
Swamp white oak + + + +1=1-= + + + shallow
Blackgum + 1+ ]+ + +1 = + + taproot
Green ash = + + + §+ + + shallow
Silver maple + + + + + 1 +]= + + + v. shallow
Sycamore + + +l+]1=1= + + shallow
River birch + + + + +1 = + + shallow
Pin oak + + + +1 = + + + shallow
Willow oak + + + + ] = + + + shallow
Hackberry + + + + +]1=1= + + + deep lateral
Pitch pine + + + + + + shallow
American beech + + + =1 +1]+ + + + §+ shallow
Sweetqum + + + 1 +1]= + + deep taproot
Black walnut = + + + 1] = + + taproot
Bitternut hickory + + = + + | + + + §+ deep taproot
Persimmon + + + + ] = + + deep taproot
White ash = + + + P+ ]+ ]+ + + shallow
Yellow-poplar + + + + 1 +]+1 = + + + shallow/deep
White oak =l + 1+ 1 + +1=1= + 1+ deep taproot
Red oak =1+ 1+ + +l+]= + + deep lateral
Basswood + + ++]+]+] = + + deep lateral
o
=1 B =)
RIPARIAN UNDERSTORY 21219
Boxelder =]l + 1 + ] + + + + deep lateral
Hazel alder + + + + + + shallow
Sweet bay + + + =1 +]= + + deep lateral
Blackhaw + + + + ] +] = + + shallow
Possumhaw = + + + + ] + + + + shallow
Witch-hazel + + + =1 +1]+ + + + deep lateral
Shad bush + + + =1 +1]+ + + + shallow
Pawpaw + + + 1 +] = + + deep lateral
Hornbeam + + + =1+ + + + deep lateral
Redbud + + + P =1+1]+ + + + shallow
Flowering Dogwood + + + = | + ] + + + + shallow




Table 7-2(cont))
Ecological and Silvicultural Characteristics for Riparian Plants

+ Characteristic/Preference = Tolerance
PLANT NAME REGION JWILDLIFE VALUE } SHADE INDEX GROWTH RATE SIZE ROOTING
z
z1 2| 4] 3 ol o %
AR EHEHEHEEEHRE HBEEEHEE
COMMON NAME Ol o > | T =] ] vV]alo Al ol Sl ol Alpl Vv
RIPARIAN SHRUBS
Buttonbush + + + + + | = + + shallow
Pussy willow + + + + + shallow
Sweet pepperbush + + + + 1+ ] + + + + shallow
Swamp azalea + + + + 1 +1= + + shallow
Winterberry + + + + |1 + ] = + + shallow
Arrowwood + + + + + | + + + shallow
Highbush blueberry + + + + 1 + + + shallow
Elderberry + + + =1 + + + + shallow
Virginia sweetspire + + + + | + ] + = + + + shallow
Inkberry + = + + | + ] = + + shallow
Swamp leucothoe + + + =1+ + + + shallow
Pinxterbloom azalea + + + =] + + + + shallow
Bayberry + + +1 = + + shallow
Silky dogwood + + + + 1 =1-= + + shallow
Common ninebark + + + + | = + + shallow
Red chokeberry + + + 1 + 1 = + + shallow
Spicebush + + + + =] + + + deep laterals
Gray dogwood + + + + | + ] = + + shallow
Rosebay rhododendron + + + + =1 + + + + shallow
Maple-leaf viburnum + + + =1 + + + + + shallow
©
FORBS AND FERNS Rlo] ©Q TYPE
Jewelweed + + + + +1= + + annual
Smartweed + + + + + + annual
Roval fern + + + + = + + fern
Sensitive fern + + + + + = + + fern
Joe-Pye weed + + + + + + + perennial
Swamp dewberry = + + + + 1 = + + perennial
Thimbleberry = + + + + | = + + perennial
Raspberry = + + + + | = + + perennial
©
GRASSES ol D
Switcharass = + + + + 1= + + warm.clump
Eastern gamaagrass + + + +1=1]= + + warm.clump
Field bromegrass = + + + + + + w. annual
Fowl meadow grass = + + + + + + cold, sod
Deertongue = + + + + | + ] = + + warm,clump
Tall fescue = + + + +1= + + cold, sod
Indiangrass = + + + + 1 + + + warm,sod
Purpletop = + + + + | = + + warm.clump
Big Bluestem = + + + + + + warm,clump
Little Bluestem = + + + + + + warm,clump

Using this procedure, Figure 7-1 displays how
topography and SHWT are related to generate a
soil moisture map for a parcel in the Pennsylva-
nia Piedmont. In this site, the overall slopes are
gentle, so exposure will be uniform during RFB
establishment, and soil moisture will be closely
related to depth to SHWT. Note that the SHWT
is deeper than 1.5 feet where the stream channel
is incised below that depth. However, where
flat slopes lie behind such banks, the SHWT
will rise within 1.5 feet, creating wet areas. This
map of wet areas can then be related to the pref-

erences and tolerances of riparian species (Table
7-1) to select the most appropriate species dur-
ing the planning process.

For the site shown in Figure 7-1, flooding is
minimal in this headwater drainage area. Soils
are slightly acidic throughout the site, which is
located in Hardiness Zone 6b. These physical
features are combined with the moisture map to
determine which of the plant species listed in
Table 7-1 will do best on the site. Soil mois-
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Figure 7 - 1. Soil moisture map relating topography and seasonal high water table in the Pennsylvania

Piedmont. Round area with dots = SHWT less than 2 feet.

ture, texture, and reaction are described in Sec-
tion V.

Site Analysis - Vegetative
Features

While physical features control plant selection,
existing vegetation in a riparian area will dictate

the choice of strategy for buffer establishment.

Depending on whether the site is presently a
pasture, an overgrown abandoned crop field, or
a mid-successional forest, different approaches
are needed to properly establish the desired
vegetation. The structural aspect of the succes-
sional stage affects conditions such as competi-
tion for light, water, and nutrients. Depending



upon the species, different plants will respond
differently to these conditions. In addition to
the previously mentioned ground vegetation, the
seed bank in the upper soil layers will also de-
termine the plant community likely to emerge
during buffer establishment. The seed bank in-
cludes not only the seeds of plants in the imme-
diate vicinity, but also the substantial extent of
root biomass from which new vegetation can
sprout. Vegetative reproduction from root suck-
ers often dominates in the successional situa-
tions found during riparian buffer establishment.

In many cases, riparian areas are overgrown
with invasive species, most of which are exotic.
In order to establish desired native species suc-
cessfully, these plants and their seed bank must
be controlled to reduce competitive pressure
during establishment and maintenance of the
riparian forest buffer. Given the relatively nar-
row width of the typical forest buffer, this often
requires eradication of invasive species in the
riparian area during site preparation. Where
desirable species are also present, a more selec-
tive approach is required in site preparation.

A similar procedure to physical mapping is used
to prepare the vegetation base map. Soils maps
are based upon aerial photography, so they show
features such as treelines and ponds that may
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not appear on U.S.G.S. topographic quadran-
gles. Government offices, such as the Natural
Resources Conservation Service, Farm Service
Agency, U.S. Geological Survey, and USDA
Forest Service offer aerial photos at 800 or 400
scale. These should be used as the source for
feature mapping as they are more recent than
most soil surveys. Aerial photography at the
lower scale will show individual trees, fence
lines, and other features useful as landmarks to
help locate the resource manager in the field.
With aerial photography, it is often best to trace
the features directly from the base photos or
blueprints, and then enlarge the tracings as de-
scribed above. This prevents loss of clarity re-
sulting from the copying process.

Riparian sites can be analyzed for physical and
vegetative features in one field visit, so the base
maps are often combined for field use. Using
this base map to locate features, note plant spe-
cies, relative size, and condition from field ob-
servations. Existing trees should be located and
described individually, unless part of a mass of
trees, in which case the species composition,
average size, and density will be adequate. Un-
derstory, shrub, and vine composition should
also be noted in a similar manner. Figure 7-2
displays the existing vegetation in the site
shown in Figure 7-1.



Identify Desired Species riparian buffer functions and values. In addition
to the plants listed, other native riparian trees
and shrubs that are difficult to transplant and/or
find should be identified for retention during the
site analysis phase. These species are listed on
the following page.

Many different native tree and shrub species
thrive in riparian areas and provide substantial
benefits to the stream ecosystem. Tables 7-1
and 7-2 list native species available that have
characteristics desirable for establishment of
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Figure 7 - 2.Existing vegetation on the map shown in Figure 7-1. Desired and undesired species can be identified here.



Native Plants That Should Be Retained
Fringetree Chionanthus  difficult to
virginicus find
Fothergilla Fothergilla difficult to
major find
Black Ash Fraxinus nigra difficult to
find
corolna  Malesa difficult to
ilverbe ini find
Water Tupelo Nyssa aquatica difficult to
find
Snowbell  SYrax difficult to
americanus :
find
American lilggrs'cana subject to
Elm ! disease
Slippery EIm  Ulmus rubra difficult to
find

In addition to these species, there are also sev-
eral pioneer tree species that can be found colo-
nizing a riparian area. Since they are short-
lived, shade-intolerant, upland species, these
species are not included in Tables 7-1 and 7-2.
However, these species can play a very impor-
tant part in providing shade and structural diver-
sity in a young riparian forest, and their
presence will benefit the establishment of the
riparian forest buffer. These species include the
following:

Native trees should be retained during buffer
establishment. It is important to carefully ex-

amine the site to locate the seedlings of these
species. While certain species may be inappro-
priate as part of the final stand (for example,

black locust where nitrate reduction is a goal),
they should be retained during buffer establish-
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ment to provide shade for tolerant species and to

protect the stream environment.

Pioneer Riparian Species

Gray Birch

Bigtooth
Aspen

Black Cherry

Betula
populifolia

Populus
grandidentata

Prunus
serotina

Sweet Cherry Prunus avium

Shining
Sumac

Black Locust

Sassafras

Rhus
copallina

Robinia
pseudoacacia

Sassafras
albidum

intolerant
fast growing
tree

intolerant
fast growing
tree

intolerant
fast growing
tree, high
wildlife value

intolerant
fast growing
tree, high
wildlife value

intolerant
fast growing
tree

Nitrogen
fixer, useful
for canopy
establishmen

intolerant
fast growing
tree




Several native shrub and vine species also thrive
in the transitional disturbed conditions often
found in riparian areas. Common species are

listed below:

Native Shrubs and Vines in Transitional
Zone
Blackberry Rubus spp.  thorny herba-
ceous shrub,
intolerant,
high wildlife
value
Greenbrier ?Q:i)éifolia thorny vine,
tolerant
Poison ivy grogrl]coden- noxious vine,
radicans to'Ier'ant, high
wildlife value
Wild grape Vitis spp. very aggres-
sive vine,
intolerant,
high wildlife
value
Spicebush tg‘:fgﬁ] aggressive
shrub where
deer herbi-
vory heavy,
tolerant
gLarg;a(L:nt I:::r](;jrsnatica aggressive
shrub, intol-
erant, high
wildlife value
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While less desirable as components of a riparian
forest, these native species can provide an ef-
fective ground cover during establishment of the
buffer. They also provide many wildlife bene-
fits. Therefore, they should be selectively con-
trolled only when they will interfere with the
establishment and/or vegetative management
methods involved in establishing a buffer.
Eventually, forest canopy species will shade out
the intolerant species.

Identify Undesirable Species

Since the introduction of exotic plants for land-
scape and reclamation purposes over the last
century, many exotic species have aggressively
invaded riparian areas of the Chesapeake Bay
Watershed. In many cases, these plants have
completely taken over the riparian areas to the
exclusion of desired native species, effectively
stalling succession. Most invasive species re-
produce heavily from underground stolons, as
well as by seeds. The more notable of these
species are listed on Page 7-12.

Since these plants are so aggressive when estab-
lished, it is preferable to control them as much
as possible before buffer planting. Where pres-
ent in adjacent upland areas, these plants should
also be controlled to reduce the propagule
source into the riparian area. In pasture situa-
tions, sod-forming cold season grasses are also
undesirable in the riparian area since they com-
pete with tree seedlings and confine streams,
causing narrow, incised channels.

Riparian Forest Buffer
Establishment

There are generally five steps to establishing
and maintaining riparian forest buffers. These
steps include site preparation, tree planting,
maintenance, survival inspections, and rein-
forcement planting.  Site preparation, tree
planting, maintenance, and reinforcement
planting will be discussed here.



Site Preparation

Streambank Stabilization

Where the streambank is unstable due to condi-
tions of altered hydrology and inadequate soil
stability, bioengineering and mechanical tech-
niques are necessary to stabilize the stream
banks. Discussed in Section VIIl, some of the
bioengineering methods will overlap with the
formulation of the planting plan.

Vegetative Management Methods
Target Plant Control

Forest management practices generally use

propriate.

Herbicides vary in their selectivity upon differ-
ent target species. By using precise application
methods such as basal bark sprays and carefully
chosen application timing, it is possible to spe-
cifically control undesirable target species,
leaving the desired species unaffected. This
releases the desired species from competition,
accelerating their growth. Methods of applica-
tion, mode of action, application timing, toxicity
characteristics, and species susceptibility are
briefly summarized in Table 7-3.

herbicides for target plant control. Herbi
cides are very effective in controlling root

Exotic Undesirable Species

biomass. By eliminating soil disturbance
direct sediment losses in herbicide treatedreed

areas are barely one percent of that assogi-

ated with mechanical treatments. Most het-Oriental
bicides affect plant enzymes or hormonesbittersweet
exclusively, and they are less toxic than tg-japanese
ble salt to animals. Therefore, the potentialponeysuckle

for adverse toxic effects from herbicides i$
minimal if label directions are carefully
followed.

Mowing and cutting leave the roots in place Porcelain
to generate even more vigorous growth dfPerry
“Mile-a-

ing. Only repeated cutting over the growing Minute vine

target species from root and stump sprou
season will eventually exhaust the remain-
ing root systems. Shrubs and vines can
ripped out with a tractor and chain, but it i

time-consuming and dangerous, and contrplJapanese
- bamboo

of the remaining root tips is still necessar
Girdling is effective, but it requires at leas
a year for complete control. Ripping with
power machinery removes roots effectivel

but the ground disturbance can result ipnMultiflora

sediment losses up to 7,000 to 13,000rose
pounds per acre. Mechanical removal df

vegetation has been shown to be more,
costly than chemical removal. For thes

reasons, mechanical methods are best ugelorway
in concert with herbicides alone only in ar{ maple

Common

Kudzu

él'rumpet
creeper

Privet

Tree-of-
eaven

Phragmites very aggressive reed|
communis intolerant

Celastris aggressive vine, tol
orbiculatis

erant

Lonicera japonica aggressive vine, tol

erant

Pueraria lobata very aggressive vine
intolerant

Polygonum spp. aggressive vine, tol
erant

Polygonum very aggressive vine

perfoliatum tolerant

Ampelopsis very aggresive vine,

brevipendiculata  intolerant

Polygonum very agressive shrub

cuspidatum intolerant

Ligustrum spp. aggressive shrub,

intolerant

Rosa multiflora aggressive shrub,

intolerant

Ailanthus altissima very aggressive tree,

intolerant

Acer platanoides  aggressive allelopa-

thic tree, tolerant

eas where herbicides are considered inap-
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Table 7 - 3

Herbicide Information

Herbicide Trade Name | Half | Sol. | Ads. Lc50 Mode Of Selectivity Appl. Appl. Susceptible Resistant Additional Information
Life Coeff. (96hr) Action Method Timing Plants Plants
Glyphosate Roundup 60 | 12k | 20.0 120.0 Enzymatic Broad Injection May-Oct | Herb. Annuals Woody Poor Control of Roses, Poison Ivy, all Vines.
(Most Accord Nontoxic To Aquatic Spp. Some Spectrum Foliar May-Oct Grasses Plants Good for all Grasses and Herbaceous Plants.
Preferred) Rodeo If No Surfactant & Very Translocation Foliar May-Oct | Bracken Femn | Greenbrier | Acceptable for Aquatic Situations.
Compadre High Adsorbance Cut Stump | All Year Safer than Phenoxy and Benzoic.
Sulfometuron Oust 10 | 300 | 05 | 12.0 Enzymatic Non-Selective | Preemergent | Mar-Apr Broadleaf | Warm Season | Except for Multifiora Rose - Use w/ Glyphosate.
Metsulfuron Escort Extremely Low App. Rates Translocates Selective Foliar Only | Apr-Oct | Herbaceous Grasses Releases Warm Season Grasses.
(Preferred) And Rapid Hydrolysis Readily And Grasses
Gluphosinate Finale 7-20| | High | High Enzymatic Broad Foliar Apr-Oct | All Spp., Esp. Woody Less Translocation than Glyphosate,
(Preferred) Low Toxicity & Very Little Spectrum All Year | Herbaceous Plants so Good for Maintenance.
High Adsorbance Translocation Controls Nut Sedge, Warm Season Grasses.
Fosamine Krenite 10 | 1.8m | 20.0 | 278.0 Bud Inhibitor Very Foliar June-Oct | Woody W/ | Herbaceous | Bud Inhibition, Except for Pruning W/O Browning.
(Preferred) Low Toxicity & Very No Selective Terminal Buds Plants,
High Adsorbance Translocation Grasses
Triclopyr Garlon3a | 45 | 430 | 15 | 148.0 Hormonal Selective Foliar Apr-Oct |  Broadleaf Conifers | Good on Brush, Poor on Honeysuckle.
(Preferred) Garlon 4 Very Low Toxicity Translocates Stump/Basal | All Year Woody More Toxic - Use for Basal Bark
Readily or Injection Only.
Imazapyr Arsenal 30 | 15k [ 0.3 100.0 Enzymatic Non- Foliar June-Oct |  Broadleaf Annual W/ Glyphosate , Except on Japanese Bamboo,
(Acceptable) | Chopper Rtu Low Toxicity Translocates Selective Stump/Basal | All Year | Perennials Herbaceous Vé:i:bt on Multiflora Rose , Releases Ragweed.
Readily Pre-Emergent | Mar-Apr | And Grasses Legumes | Very Slow Control, Combine with Others.
Dicamba Banvel Cst | 25 | 4.5k | 0.1 | 135.0 Hormonal Very Cut Stump | All Year Broad|eaf Woody Used for Ailanthus, Sumac Sprout Control
(Acceptable) Banvel 720 Low Toxicity Translocates Selective Foliar Apr-Oct All Spp. and Broadleaf Weeds.
(W/2,4D) Readily For Vines, Kudzu, Honeysuckle and Poison Ivy.
24D Generic 28 | 3m | 0.5 | 168.0 Hormonal Broad Foliar Apr-Oct | All Spp., Esp. Certain Inexpensive, Enhances Translocation
(Acceptable) Low Toxicity Translocates Spectrum Stump/Basal | All Year | Herbaceous Woody and Synergy with Other Herbicides.




More detailed information on application meth-
ods and suitable herbicides is presented in “A
Manual of Ground Application of Forestry Her-
bicides” which is listed in the references at the
end of this Section. Other materials from herbi-
cide manufacturers are included in the Appen-
dix. The pesticide specialist at the local NRCS,
Cooperative Extension, or Conservation District
office can also provide valuable assistance in
drafting a program for a specific site. A com-
puter-aided expert system, called ChESS, is
available to assist in formulating the most ap-
propriate mixture, and will also provide cost
data.

Highly mobile herbicides (eg. Hexazinone or
Picloram) or more toxic herbicides (eg. Atrazine
and Fluazifop) should not be used anywhere
within the riparian areas. Herbicides suitable
for application in the riparian area, where herbi-
cide drift and/or movement in groundwater
could enter streams, are listed as “Most Pre-
ferred” or “Preferred” in Table 7-3. In many
cases, the surfactant used to promote leaf wet-
ting is much more toxic to aquatic organisms
than the herbicide itself. As surfactant formula-
tions improve, other relatively nontoxic herbi-
cides will eventually be approved for wetland
use. Herbicides listed as “Acceptable” in the
Table are best used only for basal bark spray or
cut stump treatment. Where used as foliar
sprays for tough plants such as kudzu or Japa-
nese bamboo, these herbicides should be applied
with great caution because of the potential for
drift and/or runoff.

Wetlands and streams should not be exposed to
herbicides if it can be avoided. Even though
aquatic insects and fishes seem to be unaffected
by the “Most Preferred” herbicides, diatoms are
likely to be affected. Notwithstanding the low
toxicity of such herbicides to aquatic organisms,
timing application after peak diatom activity in
early spring should result in lesser effects upon
stream ecosystems. The only herbicide listed
for direct application to aquatic areas is Ro-
deo™, a glyphosate formulation used for
phragmites control in many parts of the Chesa-
peake Bay Watershed. Rodeo™ is practically
nontoxic to Daphnia.
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Temporary Cover

After herbicide treatments, the standing stalks
should be left to provide shade, cover, perching
locations, nesting cavities, and coarse woody
debris. However, where dense thickets have
been controlled, it will be necessary to remove
the stalks to do the plantings. Alternatively,

burning the stalks is possible where permitted.
Known as the “brown and burn” strategy, this

should be used with caution as it will release
weeds and forbs. If desired plants exist where
extensive foliar applications are anticipated,
they can be removed to grow offsite during site
preparation, providing a source of locally

adapted native material for riparian forest estab-
lishment.

When the plant cover over extensive areas is
completely eradicated, it is necessary to estab-
lish a ground cover as soon as possible. Cover
crops such as annual or cereal rye also provide a
rapid, but temporary, ground cover. Since a
good cover is essential, cool season grasses such
as field bromegrass and tall fescue are often ap-
propriate. These intolerant grasses are not inva-
sive, do not require mowing, and will give way
to other plants as they are shaded out. They are
poor choices for wildlife, however. Where
heavy vine growth occurs, legumes such as
Sericea lespedizand birds-foot trefoil form a
vigorous cover able to compete with the vines.
Legumes compete for nutrients much less than
grasses. These cover crops should be combined
with native warmseason grasses to provide a
diverse mixture of species appropriate to the
riparian ecosystem.

Tables 7-1 and 7-2 list several native annual
plants and warmseason grasses that thrive in the
riparian area without aggressively competing for
tree nutrients. For the wettest areas, a mixture
of switchgrass (<15%), deertongue, and eastern
gamagrass can be combined with smartweed
seed to provide an effective cover. For moist
areas, some of the gamagrass and switchgrass
can be replaced with tall fescue, indiangrass,
and purpletop. For drier sites at the upland
margins, switchgrass and eastern gamagrass
would be replaced with the bluestem grasses.



Seeding rates, mixtures, and planting methods
are best determined with the assistance of the
local extension agent or district conservationist.

Site Preparation Practices

Often, a riparian site will have a mixture of
turfed pasture, overgrown fields, and early suc-
cessional forests along the stream, requiring a
combination of site preparation techniques. In
all site preparation situations, a variety of physi-
cal and herbicidal methods will be effective in
manipulating the plant composition to control
undesired species. In many situations, site
preparation procedures can require up to a year
of vegetative control prior to planting.

Pasture Preparation

In an existing pasture, the absence of woody
plants favors mechanical site preparation, as tree
seedlings grow most vigorously in tilled soils.
Turf-forming grasses such as blue grass, bermu-
dagrass, johnsongrass, and panic grass are
among the worst competitors with seedlings.
The sod should be plowed and disked in early
spring followed by application of Oust®, Es-
cort™, and Arsenal™ to control turf grasses.
The site should be immediately seeded with an
appropriate warmseason and cover crop grass
mixture to stabilize the exposed soil as soon as
possible. In this case, site preparation essen-
tially overlaps with the establishment of the ri-
parian forest buffer. This method is appropriate
on sites of relatively nonerosive soils where
concentrated runoff is less likely to occur.

Where concentrated runoff and erosion occur,
extensive mechanical preparation is not recom-
mended. Instead, a combination of Roundup™
and Oust® should be applied in a four-foot di-
ameter circle at each planting location to control
sod-forming grasses. As part of site preparation
in either case, other target species such as multi-
flora rose will have to be controlled by cutting,
pulling, and/or herbicides.

Abandoned Field Preparation

Abandoned fields are covered by shrubs and
vines, interspersed with tree saplings. In this
situation, preparation methods focus on releas-
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ing saplings and proposed plantings from com-
petition by established undesirable species.
Other smaller seedlings encountered during site
evaluation can also be released if not heavily
overgrown by invasives.

Release methods vary according to the target
species and extent of infestation by invasives.
Where many seedlings of desirable plants occur,
basal bark sprays on target species during the
dormant season are very selective, and will pro-
vide effective control. Large shrubs and vines
can be cut, and the stumps treated after cutting
to prevent resprouting. In a sunny field, cutting
will not be effective by itself, unless the sprouts
are regularly cut back throughout the entire
growing season after cutting. This requires con-
siderable effort.

Different target species are more susceptible to
different formulations, which are applied as di-
rect applications to the cut stumps, basal bark,
and adventitious roots. The most susceptible
target species are listed for the following for-
mulations:

Pathfinder I™ | wild grape, poison ivy

Stalker™ multiflora rose, Norway
maple
Compadre™ tree-of-heaven, sumac

In situations where the target species are mostly
herbaceous, or where few desired species exist
among an overgrown tangle of vines and shrubs,
a viable approach is to cut all undesired vines,
shrubs, and trees after the target species are
completely leafed out, prior to hardening off in
late May. At this time, root reserves are at the
lowest, reducing resprouting vigor. Cut stump
formulations can be applied to the cut stumps of
the larger vines and trees by the cutter as each
cut is made, using a spray bottle carried at the
belt. To control sprouting adjacent to the
stream, cut stumps should be treated by Compa-
dre™, a glyphosate formulation.

Even where cut stump and/or basal treatment
does not prevent regrowth, the root biomass will
be weakened and further depleted by sending up



additional shoots. Summer foliar applications
of a mixture of Accord™ and Escort™ will
generally control most target species. Where
control is less effective with this formulation,
the following foliar mixtures will provide more
effective control of the sprouts. A brief listing
of target species and foliar herbicide mixtures is
presented in Table 7-4.

Table 7 -4

Foliar Herbicide Mixtures and Target Species

height, 4.5 feet from the ground on the uphill
side of a tree) and have a crown height of 12-20
feet. Less tolerant species, such as wild grape,
blackberries, and multiflora rose, will be more
susceptible to cutting, requiring less herbicide
control. Tolerant species such as honeysuckle
and porcelain berry will still require herbicidal
control. In general, site preparation strategies
are similar to those in-
volved in early succes-
sional sites, although to a
lesser degree. If aggressive
ferns have become estab-
lished, their control will be

Name of Herbicide Target Species

necessary to prevent com-

Garlon™ | Escort™

oriental bittersweet, porcelain
berry, poison ivy, wild grape,
blackberry, and multiflora rose

petition for nutrients during
the seedling stage.

Escort™

kudzu, tree-of-heaven, and sumad

Riparian Forest

Escort™ | Arsenal™

greenbrier, honeysuckle, multiflora
rose, blackberries, and kudzu

Buffer Design

In many cases, the riparian
forest buffer will be fairly

Arsenal™ | Accord™

Japanese bamboo and phragmite

narrow, following the

1"

Following foliar application, most target species
should be completely controlled, except the

toughest species such as kudzu and Japanese

bamboo. These species require higher applica-
tion rates and repeat applications for effective
control. Control of wild grape is complicated by
its prodigious seed bank, which is capable of
sending up shoots for an eight-year period,
where light conditions permit. Since grape has a
very high wildlife value, forest managers rec-
ommend retention of the “arbors” which occur
when the vines completely overtop and break
trees, creating an opening in the canopy. How-
ever, in a riparian forest buffer, it is usually nec-
essary to control wild grape, since arbors would
overwhelm a narrow buffer. This will depend
on the landowner’s objectives.

Early-successional Site Preparation

Early-successional sites occur where tree sap-
lings are well enough established to begin can-
opy closure. This stage occurs when saplings
are at least 2-4 inches dbh (diameter at breast
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three-zone  concept  of
Welsch that is described in
Section I. Width will depend on the landowner.
Within this strip, locally native riparian species
are preferable, since they have co-evolved with
the benthic stream community. Table Tisls
these species by physiographic region, wildlife
value, shade tolerance, mature size, growth rate,
and rooting structure.

After mapping the physical constraints of a ri-
parian site, design of the planting plan becomes
a process of selecting the best plants for each
particular combination of hardiness, moisture,
flooding, and soil pH listed in Table 7-1. Spe-
cies not suited for reasons of pH, moisture, or
flooding will be excluded from certain areas of
the riparian buffer. The remaining species are
selected according to physiographic region,
wildlife value, price, and availability. The re-
source manager should always look at riparian
species in the vicinity to get an idea of the best
locally adapted species.



Plant Species Selection
Zone 1

The design of the riparian buffer emphasizes
control of the stream environment in Zone 1.
Providing shade, deadfall, and leaf litter inputs
to the stream, this zone exerts the greatest eco-
logical influence over instream habitat. This
zone also has the greatest potential for nitrate
interception. In this zone, bank stabilization
bioengineering and establishment of native
riparian trees are important. A dense canopy
and understory are required to provide shade
and overhang the stream.

Zone 1 is most subject to inundation. Species
with the greatest tolerance to these conditions
are listed at the beginning of Table 7-1. Silver
maple, sycamore, black willow and eastern cot-
tonwood are best suited in these conditions in
most locations throughout the Chesapeake Bay
Watershed. The fast growth rate and brittle
habit of these species withstand the periodic
trauma of heavy floods. Instead of washing
away and exposing unstabilized banks, these
species shed branches, regrowing from the re-
maining trunk. Because of their fast growth
rate, they are established relatively easily and
rapidly reach canopy closure. These species
facilitate the important goal of stream shading
and promote establishment of the riparian forest
buffer. Nitrogen-fixing plants should be
avoided.

Along the stream, understory trees and shrubs
tolerant of flooding and wet soils are densely
interplanted among canopy species to provide
additional structure and shading of the riparian
area. On sunny banks, intolerant species such as
boxelder, pussy willow, and buttonbush will
thrive until shaded out as the buffer grows over
the stream. On wide streams, south and west-
oriented streambanks have more solar exposure.
Solar exposure will be reduced in north-facing
valleys and streambanks, so fewer species will
thrive in the shadier conditions. Information on
shade tolerance is in Table 7-2.
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Zone 2

Zone 2, generally a canopy’s width behind Zone
1, can include commercially viable canopy spe-
cies such as red oak and black walnut where site
conditions permit. More flood and wet soil tol-
erant species, such as green ash, sycamore, river
birch, and pin oak, may be necessary in Zone 2.
An understory of shad bush, hornbeam, black-
haw, and redbud will provide additional shade
and structure to Zone 2. Shade tolerant shrub
species, such as winterberry, virginia sweet-
spire, and maple-leaf viburnum, will grow in the
deeper shade further inland and shade the forest
floor to inhibit competition from intolerant edge
species. Highly resistant to deer browsing, spi-
cebush often dominates certain sites. However,
it and maple-leaf viburnum are good choices
where heavy deer herbivory precludes the use of
other species. Nitrogen-fixing plants should be
avoided.

If not established during site preparation, a forb
layer of warm season grasses and annuals may
be planted in all Zones. Cold season grasses
should be included in open sites, along with
raspberry, dewberry, and thimbleberry. These
plants will effectively compete with undesired
invasive plants until canopy closure is reached.
Ostrich fern, cinnamon fern, and sensitive fern
grow well in shadier conditions found in Zone 2.
Since ferns can be invasive, it is recommended
that they be planted after the canopy, under-
story, and shrub layers are well established, if
they are desired.

Zone 3

As the transition zone between the forested
buffer and adjacent land uses, Zone 3 must be
carefully designed to meet management objec-
tives. Edge effects of increased light and expo-
sure to the adjacent seed bank in the ecotone
pose particular management problems. For
structural diversity, the transition across Zone 3
between open lands and the forest should be as
densely planted as possible. This will reduce
light penetration into Zone 2 and recolonization
by intolerant exotic species.



In the riparian forest buffer, this transition be-
tween Zones 2 and 3 should be provided by the
establishment of understory edge species, such
as arrowwood, silky dogwood, azalea, elder-
berry, and gray dogwood to provide a dense
shrub layer. In the herbaceous layer, warm sea-
son grasses are combined with cold season
grasses for the densest herba-
ceous layer. Where sediment
filtering is a primary objective,
Zone 3 should be designed and

maple are among the fastest growing trees ap-
propriate for the riparian area. Seedlings of tol-
erant canopy species, such as red oak
interplanted among the pioneer species, can be
selectively released after canopy closure to be-
come the eventual dominants. Canopy over-
planting will also reduce deer herbivory on

Table 7 -5

Number of Trees per Acre by Various Methods of Spacing

managed to provide a densq : : :
herbaceous cover. This re] Spacing Trees Spacing Trees Spacing Trees
quires that no trees or shrubs (feet) (number) (feet) (number) (feet) (number)
are located where sedimentg 2x2 10,890 7x9 691 12x15 242
will accumulate. For control
of channelized flows, a diver-| SX3 4,840 7x10 622 12x18 202
sion should be installed in this| 4x4 2,722 7x12 519 12x20 182
area to intercept channelized
flows. Following along the 4x5 2,178 7x15 415 12x25 145
side of the buffer, the diver-| 4x6 1,815 8x8 681 13x13 258
sion retards' the flow, 'settllng a7 1,556 8x9 605 13x15 293
out the sediments. Discharge
to the stream then occurs in 4 4x8 1,361 8x10 544 13x20 168
s'tabl'llzed channel through the 4%9 1.210 8x12 454 13x25 134
riparian forest buffer.
4x10 1,089 8x15 363 14x14 222

Planting Density 5x5 1,742 8x25 218 14x15 207

succession Strategy 5x6 1,452 9x9 538 14x20 156
The preceding discussion pro- 5x7 1,245 9x10 484 14x25 124
yldes the broad selection c.rlte- 5x8 1,089 9x12 403 15x15 194
ria to formulate a planting
plan. Usua”y’ the planting 5x9 968 9x15 323 15x20 145
plan corresponds to the desired 5x10 871 10x10 436 15x25 116
final plant spacing and species
composition, after accounting| X6 1,210 10x12 363 16x16 170
for losses during growth. Ta-| 6x7 1,037 10x15 290 16x20 136
ble 7-5 lists number of trees
per acre based on various 6x8 908 10x18 242 16x25 109
methods of planting. An alter-| 6x9 807 11x11 360 18x18 134
native approach is to acceler-
ate succession by overplanting 6x10 726 11x12 330 18x20 121
seedlings of fast growing in-| 6x12 605 11x15 264 18x25 97
tolerant  species at a high| g, g 484 11x20 198 20x20 109
enough density to provide
canopy closure relatively rap-| 7X7 889 11x25 158 20x25 87
idly. — Yellow-poplar, 'syca- | 4,g 778 12x12 302 25%25 70
more, river birch, and silver
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desired tolerant species. This release strategy
also provides more wildlife habitat and deadfall
in the riparian area.

One or two years prior to release of canopy spe-
cies, tolerant understory trees and shrubs can be
planted to take advantage of the semi-shaded
conditions without competition from intolerant
shrubs and vines. Since enough light is present
for good growth after release, the understory
plants will become well established as the can-
opy fills in. The use of succession management
strategies is largely determined by the existing
vegetation in the riparian area. Where many
indigenous seedlings exist, the planting ap-
proach should attempt to capitalize on this by
accelerating succession.

Succession management also involves the her-
baceous control procedures discussed in
“Vegetative Management Methods” on page 7-
12. After planting the buffer, competition by
adjacent herbaceous plants must be controlled
during the initial years to release the plantings.
The larger the plant, the less extensive these
measures need to be. Where tree shelters are
used, smaller plant material can be used with
good results.

Plant Size

Planting stock ranges from seeds to large caliper
nursery stock. Planting strategies are largely
determined by the extent of available funding
resources. Larger plant material, such as balled
and burlapped (B&B) trees or large container
stock (>2 gal.), will cost much more, although
they will attain the desired goals more rapidly.
The higher initial expense accelerates estab-
lishment of the riparian forest buffer. However,
quality of plants should receive much greater
attention during the selection process than price.

Balled & Burlap and/or Container Stock

The most expensive approach is to plant the
canopy, midstory, and understory species in
the final locations, using B&B and large
container stock. The most common sizes of
planting stock are 1% to 2% in caliper.
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Smaller, less expensive tree will be suitable
for most riparian sites. Most B&B trees are
too heavy to easily handle. In mature ripar-
ian forests, canopy tree stem density is
roughly 150 stems per acre, indicating a tree
spacing of 16 to 18 feet. B&B material will
attain a higher canopy height in the shortest
time.

Large material is most appropriate in riparian
forests where intensive multiple uses are an-
ticipated, as in urban development or part of
an urban park system. Often using a high
maintenance manicured approach, the herba-
ceous layer would be a combination of wood
chip mulch and mowed cold season grasses.
Note that the use of grasses as the ground
cover in the riparian forest buffer will se-
guester nutrients within the grasses, retarding
the growth of trees. Shade tolerant herba-
ceous species will eventually colonize the
site as canopy closure is attained.

The typical plant cost for B&B material 1.5-
inch caliper is about $35.00 and up. Five-
foot-tall B&B material costs from $8.00 to
$20.00, depending upon source and species.
Installation costs are about $10.00 to $30.00
per plant, depending upon method, size of
plant, and source. The installed cost ranges
from $18.00 to $50.00 (or higher) per plant,
or $2,700 to $7,500 per acre. Herbaceous
controls are least with this option if regular
mowing is not required. Since it is relatively
expensive, this approach is inappropriate for
use in most riparian sites.

Bare Root Stock

A more cost-effective approach is to use bare
root material. Planting density should be
higher than the final stem density desired, to
allow for losses due to competition, stress,
and herbivory. At a survival rate of 75 per-
cent, roughly 200 plants are needed per acre.
A spacing of 14 to 16 feet is appropriate for
larger material at least several feet high and
around % inches in diameter. Bare root ma-
terial can grow relatively rapidly after the
root system is established, reaching canopy
closure soon after similar size B&B material.



Bare root plantings are best in situations
where visible plantings are desired after ri-
parian forest buffer planting.

Bare root material ranges in price from $2.00
to $6.00 per plant for five-foot plants, less
than half the price of B&B for the same
height. Hand planting with mattocks is the
least expensive method, but root spread may
be compromised. Using power augers to dig
the planting holes, installation costs should
run from $0.40 to $0.50 per plant, indicating
an installed cost from $2.40 to $6.50 per
plant. At 240 stems per acre, installed costs
would range from $575 to $1500 per acre.
Since bare root stock is already high enough
to compete with the herbaceous layer, only a
few years of herbaceous control is needed
during riparian forest buffer establishment.

Container Grown Seedlings

Container grown seedlings are commonly

grown in paper pots that disintegrate. Both

seedling and pot are planted. This increases
survival rate because the plant never loses
contact with its soil, and suffers less stress.
They can be planted more quickly and effi-

ciently than bare root seedlings.

Containerized seedlings can be grown 1) as
tubelings in plantable pots or tubes 2) as
plugs that are pulled out of the containers be-
fore planting, and 3) in blocks of pressed
peat or pulp that serves as both a container
and a rooting medium. Plastic containers
work well for producing plugs. They are re-
usable. Some containers are hinged and open
like a book for plant removal. Container
grown seedlings range in price from $2.50 to
$12.00 each, depending on the size of the
plant. Plugs are sold in quantities of 50
plants, ranging in price from 50¢ to 85¢ per

plug.

There are advantages to container seedlings
over bare root seedlings. Survival risks are
lower for container seedlings than for bare
root seedlings. Shipping dates are much
more flexible because there is no worry about
roots freezing. There is less chance of the

7-20

seedlings becoming crushed because they are
shipped in racks. Their roots are more de-

veloped than bare root plants, so they can

tolerate drought better.

Bare Root Seedlings and Year Transplants

In situations where a longer time to attain
canopy closure is acceptable, smaller 1-0 and
2-0 seedlings or 2-1 transplants are used. 1-0
and 2-0 seedlings are lifted directly from the
nursery bed and shipped. They are the least
expensive type of plants. 2-1 seedlings spend
two years in the nursery and one year in a
transplant bed. Often, this may be the only
alternative to obtaining enough stock for
large projects.

Red oak transplants with at least 6 lateral
roots demonstrate more vigorous growth
compared to those with fewer lateral roots.
Top pruning is not recommended The root-
pruned species stock will provide the best re-
sults.  While initially more expensive, in-
creases in growth rate and survivability of
root-pruned material are less expensive in the
long run. Careful examination of the stock is
required to ensure that high-quality plants are
delivered; even then, substandard material
will have to be culled.

Since the process of establishing riparian
forest buffers may involve site preparation
measures for as long as a year, less expensive
one-year seedlings can be root pruned and
grown in a temporary bed on-site prior to
setting out in the riparian zone. Alterna-
tively, the transplants can be contract grown
offsite. An advantage of contract growing is
that the final transplant cost should be lower
than that listed in supplier catalogs.

Depending upon the plant condition, species,
and site stresses, the survival rates range
from less than 30 percent to over 90 percent.
At an average survival rate around 50 per-
cent, the plant spacing should be 6-feet-by-6-
feet, or 1,210 stems per acre, to provide suf-
ficient stem density upon maturity. Assum-

ing a 50 percent survival rate, the site will

have over 600 free-to-grow seedlings per



acre. Seedlings and two-year transplants are
considerably less expensive, varying from
$0.30 to $1.50 per plant according to source
and type of plant. With experienced person-
nel, at least 60 to 80 plants can be planted per
hour. At $10.00 per hour, this results in in-
stallation costs from $0.10 to $0.15 per plant,
indicating an installed cost of $0.40 to $1.65
per plant. Given a planting density of 300
trees per acre, the installed cost ranges from
$120 to $495 per acre. Herbaceous control
measures are more extensive, though, re-
quiring at least several years of control. Tree
shelters accelerate growth and increase the
survivability of seedlings. Where shelters
are used, the density can be decreased and
the results improved.

Seeds

For certain riparian species with large propa-
gules, such as walnut and oak, seed planting
is a viable alternative. While the plant mate-
rial may be the least expensive, tree shelters
are required to obtain acceptable survivabil-
ity. Given the absence of transplant shock
and the favorable conditions inside a shelter,
growth rates from seed can be surprisingly
fast. Walnut seedlings in shelters have
grown up to 4 feet within the first growing
season. For grasses and forbs, seed is the
material of choice.

Sources of Plant Material

Species native to the local riparian site are most
appropriate for planting in the riparian area.

This is because local biotypes have better vigor
and hardiness and are better able to compete.
As pioneer colonizers, they assist in providing

rapid canopy establishment. Local biotypes co-
adapted with the local benthic macroinverte-

brates may provide better riparian biomass

inputs to the stream.
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While local biotypes may be more appropriate
for a riparian site, it is likely that most planting

material will have to be obtained from available

nursery stock. In recognition of the merits of

native material, many nurseries now stock na-
tive plants, some from local sources. Where
available, this stock should be used, although
much of the plant material may have to come
from more distant genetic sources. Nursery
stock from large or distant suppliers often comes
from a biotype far removed from the site of in-

stallation. Where stock from remote sources
differs substantially in hardiness, it is a less de-
sirable option, even though its cost may be
slightly more competitive. Local sources may
be a little more expensive, but the better quality
control and reduced shipping and handling costs
can offset initial price disadvantages.

Even if they are remote, large suppliers can as-
sist in locating and/or contract growing locally-
adapted plant material, so they should be con-
tacted. Suppliers of native plants are listed in
Appendix 8. This list is by no means exhaus-
tive; other suppliers will have suitable material
as well. The NRCS office and local service for-
ester should be contacted to ensure that potential
sources are not overlooked.

Planting Plan and Schedule

After determining physical site conditions, the
detailed planting plan starts by eliminating those
plants that would not thrive on the site. De-
pending upon succession strategy and mainte-
nance measures, sources are then evaluated as to
size, price, and availability of the remaining
plants. Often, certain species are unavailable or
expensive, while others may be abundant in the
trade, and relatively inexpensive. In this man-
ner, the plants listed in Tables 7-1 and 7-2 will
be narrowed down to appropriate species avail-
able in the proper sizes.



The planting schedule should take price varia- combination of physical conditions to provide
tion into account, so as to ensure the greatest the greatest diversity and resistance to plant dis-
potential for the riparian forest buffer. Least eases.

expensive material can be widely used, while
the most expensive material will be used spar-
ingly in high visibility locations where it will be
most appreciated. Where cost differential is not
a factor, plants remaining on the list should be
used in roughly equal proportions within each

Table 7-6 is a blank plant list to be filled out
with the costs and sizes from individual suppli-
ers to assist in comparisons. After selecting the
size of the plantings, this table will be the basis
for the planting schedule.

Table 7 -6
Plant Availability List

COMMON NAME I BOTANICAL NAME SYM. |OTY. |PRICE AND AVAILABILITY (25-50 TO 100-1000)
RIPARIAN CANOP SEED | SDLG.| B.ROOT| CONT. |B&B 1"
Swamp white-cedar Chamaecyparis thyoides Ct
Baldcypress Taxodium distichum Td
Black willow Salix nigra Sn
Eastern cottonwood Populus deltoides Pd
Red maple Acer rubrum Ar
Swamp white oak Quercus bicolor Qb
Blackgum Nyssa sylvatica Ns
Green ash Fraxinus pennsylvanica Fp
Silver maple Acer saccharinum As
Sycamore Platanus occidentalis Po
River birch Betula nigra Bn
Pin oak Quercus palustris Qp
Willow oak Quercus phellos ow
Hackberry Celtis occidentalis Co
Pitch pine Pinus rigida Pr
American beech Faqus grandifolia Fg
Sweetqum Liquidambar styraciflua Ls
Black walnut Juglans nigra Jn
Bitternut hickory Carya cordiformis Cb
Persimmon Diospyros virginiana Dv
White ash Fraxinus americana Fa
Yellow-poplar Liriodendron tulipifera Lt
White oak Quercus alba Qa
Red oak Quercus rubra or
Basswood Tilia americana Ta
[RIPARIAN UNDERSTORY
Boxelder Acer nequndo An
Hazel alder Alnus serrulata Al
Sweet bay Magnolia virginiana Mv
Blackhaw Viburnum prunifolium Vp
Possumhaw llex decidua Id
Witch-hazel Hamamellis virginiana Hv
Shad bush Amelanchier arborea Ac
Pawpaw Asamina triloba At
Hornbeam Carpinus caroliniana Ch
Redbud Cercis canadensis Cc
Flowering Dogwood Cornus florida Cf
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Table 7-6 (cont.)

Plant Availability List
COMMON NAME | BOTANICAL NAME SYM. |OTY. |PRICE AND AVAILABILITY (25-50 TO 100-1000)
RIPARIAN SHRUBS SEED | SDLG.| B.ROOT| CONT. |B&B 1"
Buttonbush Cephalanthus occidentalis | Cu
Pussy willow Salix discolor Sd
Sweet pepperbush Clethra acuminata Ca
Swamp azalea Rhododendron viscosum Rv
Winterberry llex verticillata Iv
Arrowwood Viburnum dentatum Vd
Highbush blueberry Vaccinium corymbosum Vc
Elderberry Sambucus canadensis Sc
Virginia sweetspire Itea virginica Is
Inkberry llex glabra [[s]
Swamp leucothoe Leucothoe racemosa Lr
Pinxterbloom azalea Rhododendron nudiflorum Rn
Bayberry Myrica pennsylvanica Mp
Silky dogwood Cornus amomum Cd
Common ninebark Physocarpus opulifolius Po
Red chokeberry Aronia arbutifolia Aa
Spicebush Lindera benzoin Lb
Gray dogwood Cornus racemosa Cr
Rosebay rhododendron | Rhododendron maximum Rm
Maple-leaf viburnum Viburnum acerifolium Va

FORBS AND FERN

S

Jewelweed Impatiens capensis
Smartweed Polygonum pensylvanicum
Royal fern Osmunda reqalis

Sensitive fern

Onoclea sensibilis

Joe-Pye weed

Eupatorium maculatum

Swamp dewberry

Rubus hispidus

Thimbleberry

Rubus odoratus

Raspberry Rubus occidentalis
|[GRASSES
Switchgrass Panicum virgatum

Eastern gamagrass

Tripsacum dactyloides

Field bromegrass

Bromus arvensis

Fowl meadow grass

Poa palustris

Deertongue Panicum clandestinum
Tall fescue Festuca cultivar
Indiangrass Sorghastrum nutans
Purpletop Tridens flavus

Big Bluestem Andropogon gerardi

Little Bluestem

Andropogon scoparius

Referring to Tables 7-1 and 7-2, species appro-
priate for each combination of site conditions
are listed for each habitat type, according to
structural category. This will provide the con-
ceptual plant mix to be used in each category of
physical habitat mapped during the site analysis
of physical features. Given the planting density
and a conceptual plant mix, formulation of the
planting plan is straightforward.  Canopy
plantings are delineated with graphic symbols of
a diameter representing the spacing and ar-
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ranged randomly throughout the riparian area.
(Assuming mowing is not used for herbaceous
control, an artificial grid pattern is not neces-
sary.) Individual species are allocated to each
symbol from the conceptual plant mix described
earlier. Note that many riparian plant species
have a wide degree of tolerance in soil moisture,
pH, and shade tolerance. Therefore, these spe-
cies can be used effectively in many locations
throughout the riparian area. Where site condi-
tions permit a wide choice of material, the indi-



vidual species selection is not as important as
the overall mix in a particular area. In essence,
the planting plan should appear random; the
crucial issue being that all plants are located
where they will thrive.

Understory plants are similarly arranged, using
symbols of a smaller diameter. Typically, there
should be at least three or four understory trees
for every canopy tree. This will provide struc-
tural diversity similar to mature forests. Shrub
species are most intensively arranged at the
margins of riparian forest buffers, where edge
effects are the greatest. (Shade tolerant shrubs
can be placed in the interior after herbaceous
control practices are no longer required.) More
tolerant species are used on the north-facing
margins. To avoid clutter and provide more
graphic clarity in the dense plantings of buffer,
complete names can be omitted from the plan.
Instead, species can be listed by initials gener-
ally representing the genus and species, with the
key listed in the Plant Schedule.

Figure 7-3 on the next page displays a planting
plan for the site displayed in Figures 7-1 and 7-
2. In this site, the relatively small scale pre-
cludes a wide buffer, so control of the aquatic
environment is the primary goal. Removal of
sediments and nitrates is a lesser objective.
Plants are to be bare root, and species that deer
do not like, so a high survival rate is anticipated.
A spacing of about 18 feet is used. Shrubs are
concentrated along the external edge of Zone 3
to provide more shade and structure. Shade tol-
erant species are specified on the north-facing
edges. Grass mixtures in Zone 3 are chosen by
solar exposure and depth to SHWT. High-value
trees are concentrated closer to the residence.

An important step in planning and establishment
is the Plant Schedule, which lists the plant spe-
cies, quantity, size, and type. The latter specifi-
cations are very important, particularly when
material such as 2-year seedlings are involved,
and great variability can be found in identically
listed material. Planting specifications should
detail the installation procedures, protection
measures, and maintenance practices to be fol-
lowed.
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Riparian Forest Buffer Planting

Ordering Plants

During formulation of the plan, likely sources
will have been identified. Likely sources should
not only be contacted, but also visited to see the
condition of the materials. Knowledgeable per-
sonnel should examine the size, condition, and
health of the plants to be ordered. Such visits
can be an invaluable educational tool, as nursery
managers take pride in their material and will
take the time to discuss details such as the best
planting methods. Specimen material can be
tagged at this time, and arrangements made for
delivery. Payment and guarantee conditions are
drawn up. Discounts are often available for
government-sponsored projects. When ordering
plants, it is important to provide as much lead
time as possible to ensure the best selection. It
would be prudent to place orders for trees about
four to six months before the planting date.

Plant Delivery and Inspection

In most cases, plants should not be paid for until
delivery and unloading. This ensures that deliv-
ered material meets the specifications stipulated,
and that the plants arrive in good condition.
Plants that do not meet specifications should not
be accepted and sent back to the supplier with
arrangements for replacement or refund. The
material should be examined for the following
criteria at delivery:

Size —The plants should meet the dimensions
specified in the Planting Schedule.

Form — The plants should not have broken
branches, misshapen crowns, poor crotch an-
gles, or other defects in growth habit that may
preclude long-term viability. This is particularly
important for larger material. Seedlings avail-
able in “Conservation Grade” have poorer form,
but they are much less expensive than nursery
grade stock. Such seedlings are best used on
very large projects where seedling cost is a criti-
cal factor.
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Figure 7 - 3. Planting plan for the site displayed in Figures 7-1 and 7-2.

Vigor — The plants should have well developed looseness, or the roots are likely to be damaged
branches and adequate buds. Bark should be and/or desiccated. The ball should be moist.
pliable and green when scratched, without Container plants should be upright and firmly

shriveling or discoloring. Leaves should not be  rooted. Inspect for circling, kinked, or “J” roots

discolored or desiccated, or show spotting in- that may girdle the tree. Rootbound plants often
dicative of potential disease or nutrient stress. have roots protruding above the surface or
through the drain holes, a leggy appearance,
and/or they are unusually large for the container.
Bare root material should be wrapped in burlap

Roots —B&B plants should have the specified
root ball size. The root ball should be securely
wrapped and competent without any signs of
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and packing. The roots should be damp, fresh,
and flexible.

Wounds and Diseases Fhe trunk should be
free of abrasions, cuts, scars, knots, and/or sun-
scald injury. There should be no insect egg
masses or fungi on the branches or trunk.

Planting Layout

Prior to planting, the site must be marked so the
planting crew can put the right plant in the right
place. Usually, a specific marker is used to de-
lineate each plant at each location. This ap-
proach is necessary for high-visibility sites or
inexperienced field crews. On large sites where
precise detail is not essential, markers are coded
for the conceptual plant mix, and an experienced
planting crew selects the individual species as it
proceeds. This increases productivity, since
crews do not have to carry the precise planting
mix every time they pick up plants.

A variety of markers can be used. Spray paint
can be rapidly applied to the ground and vege-
tation, but this method has minimal ability to
convey species selection. Prelabeled for spe-
cies, flagged wires color coded to the conceptual
mix can be individually placed by the resource
professional. Survey flagging can be used in a
similar manner if enough vegetation is present
onto which the flagging can be tied.

To lay out the site, it may not be practical to
conform rigidly to the spacing specified in the
planting plan. Plants should not be placed
where roots, stumps, hummocks, depressions,
and gullies will interfere or create less than op-
timal conditions. Plants should not be placed
next to existing plants, or they will compete
with each other. Knowing the average plant
spacing, relative plant location is easily paced
off, starting from the streambank and proceed-
ing upslope. For greater accuracy, the tree
planter can use a thin rod cut to the desired plant
spacing. Landmarks from the mapping are used
to ensure that spacing errors are not com-
pounded as the planter proceeds along the
stream. In wide buffers without landmarks, a
survey crew can set location points at specific
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intervals to provide base points, but this is ex-
pensive.

In smaller sites where the buffer is not too wide,
an experienced professional should be able to
lay out the plantings without even drawing up a
detailed planting plan. Each plant or conceptual
mix is placed as he/she proceeds through the
riparian area, based upon judgment of site con-
ditions and a knowledge of plant availability.
The plantings are then counted, and the Planting
Schedule is drawn up according to the actual
layout. This is a more accurate method as to
total number, and the total effort involved is
reduced. A conceptual plan is still necessary to
assist field crews in staging.

Planting Practices
Planting Seasons

Trees can be planted during the spring or fall.
Deciduous trees are best planted in the early
spring before bud break in April. This ensures
the longest season for root growth and gives the
plant a chance to establish feeder roots prior to
the moisture demands of the growing season.
While less than optimal, planting can extend
into late May in the moist conditions found in
riparian areas. Evergreens can be planted with
good results before the new growth is fully ex-
tended in May. Planting later in the growing
season will subject plants to moisture stress,
unless proper care is taken to ensure adequate
moisture in the root zone.

Evergreens can be planted early in the fall after
the heat of summer is past. Most deciduous
trees can be planted later in the fall after leaf
drop, since their roots will continue to grow un-
til the soil temperature falls below 45 degrees.
However, the ground must have adequate mois-
ture, or a severe winter will kill the trees. Many
oaks are listed as fall hazard plants, so they
should be planted only in the spring. Winter
transplanting is possible if the soil around the
tree to be transplanted is not frozen, and if the
planting area is mulched enough to prevent
freezing through the winter. Bare root material
and seedlings should be planted in the winter to
early spring while they are still dormant.



Planting bare root material after leaf emergence
is not recommended even if adequate shade and
moisture are present.

Planting Procedures
Storage During Planting

After delivery, plant material should be
stored on site in a moist shaded location prior
to and during planting. The root balls of
B&B stock and the packing of bare root stock
should be thoroughly watered and kept moist
with a covering of peat moss, straw, or saw-
dust. Bare root stock can be stored for sev-
eral weeks if “heeled in” (Figure 7-4) by
laying the plants in a trench of loose soil or
mulch. The tops should face toward the
south at an angle of 30 to 45 degrees. Seed-
lings can be stored by stacking them in a cir-
cle with the roots facing inward in layers
separated by packing material and kept moist
at all times, or refrigerated if facilities are
available. Container material is least sus-
ceptible to moisture stress and will store well
if properly watered.

B&B Trees

B&B stock should never be picked up by the
trunk or dropped, as this will damage the root
ball. To move B&B stock during planting,
the root ball should be firmly cradled. The
planting hole should be twice the width of
the root ball, but no deeper (see Figure 7-5
on the next page). To dig the planting holes,
a tractor-mounted auger can be used to drill a
2 to 4 foot diameter hole. Soil amendments
are not recommended, since few roots will
grow beyond the amended soils. All sod
should be discarded. The root collar should
be placed at the same level as the original
soil; if the hole is overdug and backfill is
necessary, the tree should be placed an inch
or two higher to allow for settlement. After
placement of the tree, completely remove any
wire baskets and twine. Remove as much
burlap as possible without damaging the root
ball by cutting it down to where the root ball
rests on the native soil.

HEELING IN SEEDLINGS TO PROTECT ROOTS

ARG

Water heeled-in trees immediately
Select shady spot and dig a 'V'- Open bundle of trees and spread roots Fill in trench with soil and stamp repeat this process each morning
shaped trench in soil that is moist. out evenly along one side of trench. down for firm covering. until trees are planted.

Figure 7 - 4. Heeling In Method. (Source: Tree Planting Notes, Minnesota Department of Natural Resources,

Division of Forestry.)
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Recommendations for planting have
evolved in recent years as more is learned
about the nature of roots and urban soils.
Local conditions make generalizations diffi-
cult, but here are some guidelines that reflect
the latest opinions of tree experts:

The Planting Hole

More than any other change in tree planting procedures is
the new focus on the planting hole. It can be summed up by the
saying, “Don’t plant a $100 tree in a $10 hole!” Proper prepa-
ration will encourage root growth rather than adding to the
difficulties already challenging the young tree. Here’s the way
to give your tree a boost toward rapid growth and recovery
from transplant shock. \

Dug or rototilled area

— 2-5 times diameter
‘ of root ball 3 I

Firm subsoil to prevent settling

This method recognizes the fact that most roots spread
through the top 12" of soil in a wide periphery around the tree.
Therefore, slope the sides of the hole and dig or deeply rototill
an area around the hole at least twice the diameter of the ball
or container. An area up to five times the diameter is recom-
mended if the soil is particularly compacted, the roots of other
trees will not be damaged, and space and aesthetics allow.

How Deep Should You Plant?

* Under normal conditions, root
growth is best encouraged by
planting even with the sur-
rounding terrain.

* When wet conditions or heavy
soil are problems, raising about

>
R _.;;' 1 1/3 of the root ball above ground
T oot ban will aid the spread of lateral
l(- diameter roots.

In arid climates, a basin can be
used to collect precious water.

canopy ‘—)I

Figure 7 - 5. Planting Burlapped or Potted Trees. Source:
Tree City USA Bulletin No. 19, The National Arbor Day Foun-
dation.
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Work the backfill around the
root ball, firmly tamping in
place to avoid any air pockets.
Fill up to original grade with
the balance of the soil, tamp,
and water. Fill in any spots
that settle, and place excess
soil in a ring around the tree to
retain water. A mulch of wood
chips and/or geotextile fabric
should be placed in a three-to-
four-foot-diameter circle
around the tree to inhibit grass
and herbaceous competition.
Avoid placing organic mulch
directly against the trunk, as
this will harbor insects and ro-
dents that may damage the
tree. Broken and diseased
branches should be pruned.

Container Stock

For container material, the
planting hole should be twice
as wide and as deep as the soil
in the container. A portable or
tractor-mounted auger can be
used to drill the planting hole,
or the hole can be hand dug.
Carefully cut the container
away from the plant to expose
the roots. Where size, soll
texture, and rooting density
permits, plants can be removed
from the containers by turning
them upside down and pulling
the containers off in an upward
direction. (This is appropriate
only if the soil remains firmly
attached to the root system).
Where the soil is very loose,
the container can be cut away
after placing it in the hole, and
the bottom can be slid out from
under the plant.

After exposing the roots, look
for circling roots. The small
ones can be teased apart and



spread out in the planting hole. The large
and extensive ones will have to be severed in
several vertical cuts to prevent girdling the
plant, which would set them back substan-
tially. These plants should be rejected, as
cutting roots introduces soil borne diseases.
Backfill, water, and mulch as in B&B plants.

Container Grown Seedlings

Container seedlings can be planted manually
or mechanically with a hand held portable

auger. Roots should be white. If roots are
completely brown, do not use the plant. The
recommended planting density for container
grown seedlings is 350 plants per acre.

Bare Root Seedlings and Year Transplants

Trees can be planted by hand or by machine.
A correctly planted tree should have the fol-
lowing general characteristics:

1. Planted at about the same depth, or not
exceeding one-half inch deeper than it
was in the nursery. This is very impor-
tant. Use the root collar for depth judg-
ment.

2. Have the main roots nearly straight and

spread out, not doubled, or sharply bent.

Have the soil firm around the roots.
Leave no air pockets.

4. Have the tree in an upright position, and
have it nearly even with the general
ground level, not sunk in a hole or raised
on a mound.

There are two methods of hand plantingfit
method and side-hole method (Figures 7-7
and 7-8). Hand planting tools such as plant-
ing bars, dibble bars, mattocks, and hoe-dads
are used for rapid planting of bare root stock
and seedlings. Figure 7-6 shows four tree
planting tools.

The slit method consists of making a slit with
a planting bar or a dibble bar for smaller
seedlings. It is much more rapid than the
side-hole method. After placement, the bar is
reinserted several inches away, rocked away
from the plant to kick in the soil at the bot-
tom of the roots, and then rocked toward the
plant to compress the soil around the base of
the plant. Where water is not available to
settle the saill, it is important to firmly com-

Figure 7 - 6. Four tree-planting tools (left to right): planting bar, a pointed planting bar useful
in stony soils, the Rindi grub-hoe (L-shaped) for making straight-sided planting holes, and a tile
spade planting shovel for digging deep holes for large planting stock. (Source: The Practice of

Silviculture, Smith, 1986.)
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1. Insert bar at angle
shown and push forward
to upright position.

K&
-
-

4. Pull handle of bar
toward yourself to firm

soil at bottom of roots. \‘\§°il at top

2. Remove bar and
place seedling at
correct depth.

5. Push handle of bar
forward to firm
of roots.

v
n

7. Push forward 8. Fill in last hole 9. Firm soi.l
then pull backward by stamping around seedling
to fill hole. with heel. with the foot.

o

. Insert bar 2 inches
toward yourself
from seedling.

[VE)

N

N

N

\
L

6. Insert bar 2 inches
from last hole.

N
A

A

k\\\\\ 3

Figure 7 - 7.Slit Method. Steps in the use of the slit method of planting seedlings in sandy soil. (Sketch

by U.S. Forest Service.)

press the soil around the plants (Figure 7-7).

The side-hole method consists of digging a hole
deep enough with a mattock or grub hoe to hold
the roots of the tree (see Figure 7-8 on the next
page). Mattocks and hoe-dads are suitable for
larger seedlings and most bare root stock. With
larger bare root stock, the planting hole may not

7-30

be large enough to permit adequate root spread
with these tools, and the holes will have to be
hand dug. These tools are driven into the
ground and rocked to create a wedge-shaped
hole, into which the plant is placed at the proper
depth. It is important to hold the plant at the
proper depth when backfilling and compacting



4. Finish filling in
soil and pack
it with heel.

1. Drive grub hoe into 2. Place seedling against 3. Fill bottom of hole
ground, lift handle, straight side at anq pack soil |
and pull hoe back. correct depth. against roots.

)
N/

y

\)

I\

5. Firm around
seedling with
the feet.

Figure 7 - 8. The Side-Hole Method of Planting. (Sketch adapted from U.S. Forest Service and The Prac-

tice of Silviculture, Smith, 1986.)

the soil, so as to prevent plant settling below the
root collar. If the roots are long, the hole should
be deepened, rather than bending the roots into a
“J” shape.

Trees can also be machine planted. Results of
good machine planting are comparable to those
of good hand planting and superior to average
for poorly hand-planted trees. A machine with a

three-person crew can plant 10,000 seedlings
per day. Planting machines are now generally
available and their use is recommended wher-
ever conditions permit.

Several makes of commercial planting machines
are available for purchase. The type of machine
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to use depends upon the nature of the terrain and
cover types to be planted. On relatively smooth
open fields, one of the lighter machines pulled
by a small tractor may be used. On areas with
heavy, brushy cover, a machine that prepares the
site and plants at the same time may be required.

Planting machines work best in light soils with
light or moderate plant cover. They will also
work well on heavy silt or clay soils if the
moisture conditions are right, that is, if the soil
is in what is considered a good condition for
plowing. Soils eroded down to heavy clay are
impossible to plant by machine unless they are
dry. Heavy soils with some topsoil and a good



Avoid Common Planting Errors

Too shallow.
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Figure 7 - 9. (Source: The Forest Steward, The National Arbor Day Foundation, March/April 1996.)

cover of broomsedge will plant well by machine
unless excessively wet.

Figure 7-9 illustrates some common planting
errors to avoid.

Tree Shelters

In areas where deer browsing is a substantial
problem, tree shelters have been used with con-
siderable success. With shelters 4-feet high,
seedlings are protected until the root system is
well-established. Even if the emerging tips are
browsed, the root system will send up vigorous
new shoots. Five-foot shelters should be used
where deer herbivory is very heavy. Tree shel-
ters protect against buck rub on the trunks, as
well as minimizing disease entry from wound
scars. Tree shelters also prevent rabbit and ro-
dents from girdling the base of the tender trunks.
Where deer browsing is light, shorter tree shel-
ters (2 or 3 foot lengths) will provide herbivory
protection at a lesser cost. Overplanting other
vigorous species is another method to sustain
deer browsing without excessive pressure on the
desired species.

While important for herbivore control, tree

shelters also provide a favorable microclimate
for the seedlings. When shelters are properly
installed, moisture transpired from the leaves
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condenses inside the tube, resulting in more
humidity and a moister root zone. Carbon di-
oxide levels are also higher, promoting favor-
able growth. For these reasons, tree shelters
generally increase initial growth rates by a fac-
tor of two to four times that of unsheltered
seedlings. Sheltered seedlings also produce
more leaves and have greater apical dominance.
By protecting against wind and drought, tree
shelters substantially increase seedling surviv-
ability in adverse circumstances. Red oak is
particularly responsive to the beneficial effects
of tree shelters. Shelters are also used for black
walnut and other fruit and nut trees.

By isolating the trunk, tree shelters also ensure
that herbaceous control measures are much less
likely to affect the seedlings. Management of
competing vegetation after planting is much
easier; mowing and weedwacker strikes are pre-
vented, and herbicides are isolated from trunk
contact. As a result, herbicide labor costs can
be reduced to one-fourth that required for un-
sheltered plantings. In the intensive manage-
ment regime required for establishment of a
riparian forest buffer, such savings may be con-
siderable.

There is some concern that shelters reduce
rooting and trunk strength due to wind isolation



during initial growth. However, once the sap-
ling has emerged so the crown spreads, there is
enough trunk movement to build stem and root
strength. The tree then allocates resources to-
ward stem growth. For this reason, tree shelters
should be left on for two to three years after
emergence. After this time, the tree shelter must
be physically removed.

Because of the relative absence of moisture
stress, sheltered seedlings can grow later into
the season, making them susceptible to die-back
in cold winters. This is a temporary effect; re-
growth in the following year will usually harden
off properly. Where repeated die-back is a
problem, the tubes can be lifted off the ground
around Labor Day, drying out the seedling in
time for winter. The tubes must be reinserted
around Halloween, to ensure a good growing
season the following year.

White tree shelters allow more light through
them, and are preferred in sites where shady
conditions will occur over the four to five-year
span that tree shelters are used. Brown shelters
are less obtrusive in more open sites. Tree
shelters should be staked with rot-resistant
stakes such as white oak. In southern states
where termites are a problem, southern yellow
pine or treated stakes are necessary. Stakes
should be installed on the upwind side on open
sites; on the north side in shadier sites. The
base of a tree shelter must be driven at least an
inch into the soil to avoid a chimney effect,
which increases moisture loss. Tree shelters are
then tied to the stake and a protective mesh
placed over the top to prevent entry of birds.
Netting should be removed once the tree grows
out of the top of the shelter.

There are several different types of shelters
available. The most widely used is the Super-
tube manufactured by the Treessentials Com-
pany. The one-piece seamless tube ensures
moisture integrity, and the flared ends minimize
bark rubbing where the seedling emerges. Re-
closeable shelters are offered by Tree Pro and
Tree Sentry. These products may retain less
moisture, but they permit inspection of the
plants, as well as the potential for reuse. Tree
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Pro shelters are flared to minimize bark rubbing.
Tree Sentry also offers a flared two-foot-high
conical shelter with a mesh top to control
browsing up to a height of four feet. TreePee
makes a two-foot conical shelter, and Blue-X
offers rolled tubes of recycled X-ray film. Ad-
dresses and contact information for these com-
panies are listed in Appendix 10.

The cost of installing tree shelters varies ac-
cording to the product type and size used. Using
four-foot Supertubes as an example, the 1995
cost for 1,000 shelters with stakes was $2.50 per
shelter, plus shipping cost of $0.21 each. Labor
costs about $0.35 per shelter, suggesting an in-
stalled cost around $3.06 per shelter. Other
products are similar in price. Given that the in-
stalled seedling costs are about $0.40 to $1.65,
tree shelters would not be recommended for
every seedling. They are most appropriate for
the more expensive seedlings of species difficult
to establish, such as red oak. However, reduc-
tions in maintenance costs and increased seed-
ling vigor associated with tree shelters suggest
that tree shelter plantings may be a more cost-
effective approach than planting unprotected
larger material.

Riparian Forest Buffer
Maintenance

The most critical period during riparian forest
buffer establishment is maintenance of the
newly planted trees during canopy closure. On-
going maintenance practices are necessary to
ensure establishment of a thriving buffer, par-
ticularly where smaller seedling plant material
has been used. Even where large plants are in-
volved, herbivory, invasion by exotic species,
and competition by herbaceous forbs and
grasses will be a continuing problem. There-
fore, maintenance practices are necessary to en-
sure the long-term effectiveness of the buffer.

In the early stages of riparian forest buffer es-
tablishment, competition for nutrients by adja-
cent grasses and forbs will substantially inhibit
seedling growth. Release from herbaceous
competition has been demonstrated as a most
cost-effective method to accelerate the growth



of seedlings and saplings. Therefore, the ripar-
ian forest buffer establishment strategy must
incorporate control of the herbaceous layer over
the near term until canopy closure shades out
grasses and herbaceous competition.

In many cases, existing grasses and forbs are
mowed once or twice per year to control their
height. This method maintains a vigorous her-
baceous layer, even though the species mixture
may shift away from cold season grasses to
other perennial forbs. Since nutrient uptake by
the herbaceous layer is unaffected, or even in-
creased by mowing, competition for nutrients
will persist until canopy closure shades out the
herbaceous layer. This substantially retards the
rate of growth of the seedlings. Mowing also
requires that the plants be spaced in a grid pat-
tern, resulting in an artificial aspect to the
buffer. The requirement for mowing also inhib-
its the establishment of understory species and
shrubs until canopy closure. Mower strikes on
the trunks are often unavoidable if no protective
measures such as mulches or tree shelters are
used.

An alternative to mowing is the use of mulches
to control weed and forb growth. A well-aged
hardwood mulch will not compete for nutrients,
and it will retain moisture in the root zone of
plantings. However, annuals and perennials
easily root within such organic mulches as they
decompose, increasing herbaceous competition.
Geotextile fabrics reduce the rooting ability un-
der organic mulches. However, plants in the
humid east thrive in organic mulches, and their
feeder roots can penetrate the underlying geo-
textile to obtain required nutrients and moisture.
Using exposed geotextile fabric without mulch
solves this problem, but then the uncovered fab-
ric must be stapled down to prevent being en-
tangled in mowers, blown away, or washed
away during floods. Weed control fabrics are
available from sources listed in the Appendix.

Herbicides can control herbaceous competition
without the preceding drawbacks, particularly
where tree shelters are present to isolate seed-
lings from control measures. Post emergent ap-
plication of a mixture of Oust® and Accord™
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controls grasses and broadleaf annuals and per-
ennials. A clear zone of four feet in diameter
will substantially promote the vigor of the seed-
lings compared to no treatment. Two to three
years of control will successfully release the
seedlings from grass and forb competition. Out-
side of the clear zone, selective control of
broadleafs by Escort™ will direct succession to
warmseason grasses, which have a high wildlife
value and pose less competition for desired
woody species. Herbicide application is less
expensive and more flexible over the establish-
ment period than repeated mowing, and it will
result in more rapid establishment of the ripar-
ian forest buffer.

For control of vines and woody species, the pro-
cedures are similar to that involved for site
preparation on early successional sites. Selec-
tion cutting of trees and basal sprays are needed
from time to time to control undesirable species
as the riparian trees grow. Adjacent upland
source areas may need to be controlled by foliar
spraying as conditions warrant. By using a
regular maintenance regimen, the success of a
new riparian forest buffer will be assured.
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