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I. Introduction

Recent events, such as algae blooms: fish kulls:
closure to harvest of finfish and shellfish stocks:
increased coastal development, tourism. and recre-
ation; loss of tidal wetlands and wildlife habitat: and
scenic degradation of coastal viewsheds, all have
increased our awareness of the need to preserve,
protect, and restore our nation’s coaslal resources.
The problems observed along the coastal zone are
not the result of any single event, but rather are a
result of multiple changes that. when added together
over time, have frayed and split the threads that link
together ecosystem functions. In response, manage-
ment schemes and regulations are developed that we
hope will slow the rate of ecosystem change,
smooth the frayed threads. and splice back together
the severed links. One such management effort can
be the application of vegetated buffers for use in the
coastal zone. Vegetated buffers have been applied in
the fields of forestry and agriculture to moderate
nonpoini source degradation of water courses, in
wildlife management to improve and provide
habitat, and in landscape architecture 1o improve
visual appeal. While great emphasis is being placed
on the use of vegetated buffers to abate nonpoint
source degradation of waterways, none of the above
uses are exclusive of the others. It makes both good
sense and good economics to pursue a multiple-use
application of the vegetated buffer concept in
coastal ecosystems,

It is the intent of this document to formulate
concepts and ideas pertaining to the development of
vegelated regions along the coastal zone that pro-
vide multiple benefits once implemented. It is not
the intent of this review to provide the specific
details, or provide critical companison, of runoff
sources and buffer effects when located on specific
types of soils, for instance. There are many reviews
of this type available in the published hiterature.
This review differs from other published reviews of
vegetated buffer uses in that it attempts to synthe-
size a broad spectrum of buffer benefits, effective-
ness, and the variables that determine effectiveness.

B Definition of vegetated buffer

Of the variety of definitions found in the litera-
ture (Table 1}, all include the concept of a vegetated
buffer acting as a transitional zone between differ-
ing tand uses, and/for as a barrier to, and filter of,

surface water runoll. As a result of their association
with reducing the impact of development and
landscape alteration on water resources, vegelaed
buffers are now being routinely employed ay a too!
for managing the environment. Vegetated bufters
are often implemented, for instance, to mitigate the
effects of nonpoint source poliution by removing
pollutants from runoff through plant and microbial
uptake. microbial degradation and conversion,
physical trapping, and chemical adsorption. Phillips
(1989a) describes vegetated buffers as “one of the
most effective tools for coping with nonpoini source
pollution.” The U.S. Environmental Protection
Agency (EPA, 1993) states: "...constructing vegeta-
tive treatment systems, will be considered in all
coastal watershed pollution control activities.”
Staternents such as these give significance to the use
of vegetated buffers, and further contribute to their
adoption and use for the control of nonpoint source
pollution in current resource management schemes.

Resource managers are beginning to view
vegetated buffers as one method of working toward
compliance with recently drafted National Oceanic
and Atmospheric Administration (NOAA) and EPA
nonpoint source pollution control measures. The
practice of implementing vegetated buffers, how-
ever, has generally focused upon their use as a “best
management practice” (BMP). Overall, there is a
lack of understanding with regard to developing
vegetated buffers to provide benefits beyond what a
typical BMP can provide. For instance, EPA (1993)
states: “The term {vegetared buffer} 1s currently usced
in many contexts, and there is no agreement on any
single concept of what constitutes a buffer. what
activities are acceptable in a buffer zone, or what is
an appropriate buffer width.” This statement empha-
sizes the lack of general understanding and the
common confusion concerning the use and effec-
tiveness of vegetaled buffers as a resource manage-
ment tool,

Further confusion arises from the distinction,
noted in Table I, between a vegetated filter strip and
a naturally vegetated area. Filter strips are typically
considered a BMP engineercd for a specific pur-
pose, such as sediment removal. Forested bufters,
on the other hand, are typically natural areas left
along stream and river banks to mitigate the cftects
of logging on in-stream trout and salmon habitat.
These practices are commonly considered separatc
entities — one edge of field (fifter strips) and the



other edge of stream {forested buffers) — despite
their similarities in purpose. Together they make up
a range of functional uses greater than either consid-
ered alone.

This review incorporates information taken from
both vegetated filter strip and forested buffer stud-
ies, since the use of both is impertant in developing
a general understanding of the effectiveness of
vegetated buffers, particularly from a multiple-use
perspective. When the term “vegetated buffer” is
used in this document, particularly with regard to
management implications for the coastal zone. it
specifically refers to naturally vegetated areas that
have been, or are being, set aside along the coast-
line, whether grassy or wooded. When reference is
made to designing vegetated buffers where they
presently do not exist, the intent is to develop a
vegetated area that mimics native vegetation appro-
priate to the same locale. Our choice of the term
“vegetated buffer” keeps with its original use to
designate naturally vegetated areas, but we develop
further the concept of multiple use and multiple
benefits for this versatile management tool, as
adapted from information on both natural and
engineered vegetated buffers.

Table 1. A selection of definitions for vegetated buffers.

B Multiple benefits

Vegetated buffers often produce many benefits
that are neither well-documented nor originally
intended. They can be used for providing wildlife
habitat; for promoting visual diversity; for bird
watching, hiking, and picnicking; for preserving the
integrity of historical and cultural sites; for flood
zone management by setting development back
from the immediate banks of waterways: and for
protecting structures from storm damage. Establish-~
ment of vegetated buffers throughout the coastal
zone also can help provide for the long-term eco-
nomic viability of the resource by maintaining an
aspect of the natural wildemness of the coast that
draws people to the shoreline.

Vegetated buffer programs, however, are rarely
developed to fully consider the multiple benefits and
uses that they offer 1o resource managers and to the
general public. The “single use/single benefit”
approach used more often tends to alienate some
sector of the public that does not view that single
use/single benefit as a priority. Public awareness
that the vegetated buffers support multiple benefits
— pollution control, wildlife habitat diversification,
and scenic improvement, for instance — may lead
to more effective implementation, as well as giving

Reference

Definition

Patfrey and Bradley, 1982

tand usc.

Zones of undeveleped vegetated land extending from the banks or high water mark of a
water course or water body to some point landward. Their purposc is to protect the
water resources, including wetlands, they adjoin from the negative impacis of adjacent

Dillaha et al., [986a
surface runoff.

Bands of planted or indigenous vegetation used to remove sediment and nutrients from

Soil Conservation Service, (989

Strips of grass or other vegetation that trap pollutants from land areas before (hey
reach adjacem waier bodies.

Chesapeake Bay Local Assisance Act,

disturbances.

An area of natural or estahlished vegetation managed te proiect other components of a
1960 Resource Protection Area and state waters from significant degradation due 1o land

“Brown et al., 1990
from the other,

Transitional areas between two different land uses where one mitigates the impact

Palmstrom, 199]

Intended to provide a neutral area to lessen the impact of man's activities (i.¢..
fertilizer use, on-site septic systems, urban runoff) on sensitive resources.

Comerford et al., 1992
disturbance.

A barrier or treatment area prolecting adjoining areas from the ofl-site effects of some

Dodd et al., 1993

~....810ps of land in transitional areas between aquatic and upland ecosystems. From a
water quality management perspective, ripanian buffers can be defined as arcas designed
10 intercept surface and subsurface flow from upland sources for the purpose of
improving water quality.

EPA, 1993

RORPOINL source.

Senips of vegetation separating a water body from  land use that could act 2s a




greater incentive for voluntary adoption and partici-
pation in such programs.

Before vegetated buffers can become an effec-
tive multiple-use management tool, however, their
variable uses and effectiveness must be better
understood by resource managers, who can then
develop programs to maximize the benetits and
minimize the shortfalls for their use along the
coastal zone. The implementation of vegetated
buffer areas in the ¢oastal zone can direcily assist in
pollution control, habitat diversification, and visual
beautification. The application of multiple-use vege-
tated buffers, however, will best be implemented at
a watershed scale to protect the rivers and streams,
and in effect, the entire ecosystem, from which the

coastal zone ultimately derives its health. Anything
less than a system-wide approach will result, as it
has in the past, in only partially solved problems,
The implementation of vegetated buffer programs.
however, regardless of the environment in which
they are applied or the care and eftfon taken in their
design and development, can neither take the place
of, nor {ully mitigate, the effects of poor land
management techniques. Vegetated buffers should
be considered a tool that can assist in the restoration
of coastal and watershed ecosystems once sound
land management praciices have been developed
and put into general practice, and not as an inexpen-
sive technological savior to mitigate poor land and
other natural resource management practices.






II. Vegetated Buffer Use and
Effectiveness: A Review

B Nonpoint Source Pollution Control

Nonpoint source pollution of our nation’s
waterways is of major concern for natural resources
policy and management. The U.S. EPA recently
estimated that 5() to 70 percent of the nation’s
threatened or impaired surface waters were being
adversely atfected by agricultural nonpotnt source
inputs, and that live to 15 percent of threatened or
impaired surface waters were being adversely
affected by urban runoff (Griffin, 1991). Concern is
also growing for the degradation of groundwater
due to nonpoint source impacts, which has implica-
tions with regard to subsurface recharge (o streams,
rivers, lukes, and estuaries, as well as to drinking
water supplies. A national survey of wells con-
ducted by the U.S. Geological Survey found that
nearly 6.5 percent contained nitrale concentrations
in excess of the EPA-established safe drinking water
standard of 10 mg/l nitrate-nitrogen (Madisen and
Brunett, 1985).

Recent estimates of the impact of nonpoint
source pollution have pushed forward a new era of
regulation to abate waler guality degradation.
NOAA and EPA have both drafied new guidelines
for regulations 1o limit nonpoint source pollutant
impact on surface waters. Under the purview of
Section 6217 of the Coastal Zone Management Act
and Section 319 of the Clean Water Act, the man-
dated regulation of nonpoint source pollutants will
hegin in carnest.

The control of nonpoint sources of pollution,
however, will not occur as easily as for point
sources, which can usually be clearly identified,
quantified, acted vpon, and monitored for compli-
ance to discharge standards. Nonpoint sources, by
their very nature, are most often diffuse, cryptic, not
easily monitored. and in many ways not fully
understood. A further problem is that, even when a
nonpoint source is clearly identified., it is often not
the sole cause of any observed degradation of water
guality or habitat. Instead, it 1s usually a result of the
cumtlative impact of many nonpoint seurces within
the area.

Although numerous problems are inherent in
controlling nonpotnt sources of pollution, abatcent
methods are being developed and implemented

along watercourses throughout the world. Many of
these are engineered control measures designed to
mitigute the oft-site impacts of development —
catch basins, settling ponds. and grassy swales, for
instance. The implementation of vegetated buflers
as BMPs has generally been practiced by resource
managers with the intent ol removing sediments and
attached pollutants from runoff water. This pracuce
is well-supported and documented in the literature,
where numerous studies can be found that describe
the design and eftectiveness of vegetaied buffers as
a BMP. Other measures employ increased planning
to abate the inpacts of future development. Rezon-
ing. cluster development. setbacks from water-
courses, and defining naturally vegetated areas as
buffers are some examples of planned mitigation
measures. Naturally vegetated buffers have typically
been applied as habitat preservation measures,
except within the field of forestry, where they have
been extensively applied for sediment control.

In order to assess the potential value of imple-
menting vegetated bufters as a nonpoint source
pollutant control measure. the many variables that
affect how buffers remove pollutants from runoft
must be understood. A better understanding of how
vegetated bufters work. and what factors lvmit their
use and effectiveness as pollutant removal mecha-
nisms, will assist in evaluation and implementation
of practical and functional vegetated buffers.

Bl Critical Variables Affecting Pollotant
Removal
Vegetated buffers are typically employed with
the primary objective of removing sediment and its
attached pollutants from surface water runoff. Pol-
lutant removal is primarily achieved by slowing the
surface water flow that transports sediments, allow-
mg tme for the settling of sediments and the pollut-
ants adhered 1o them. The effectiveness of a veg-
etated buffer in removing pollutants, however. will
vary according to a number of conditions, such as:
» Soil type in the buffer
* Depth of the water table in the buffer
» Type. density, and age of vegetation in the
bufter
» Poltutant concentrations contained in the
runoft water entering the buffer
s Lund use and size of areus draining inlo the
bufter



» Hydrologic regime of the area within and
adjacent 1o the buffer

» Width of the buffer

= Residence imw of water in the bufter

* The path of runoft water into and through the
buffer

Due to the inherent variability in the conditions
that determine the effectiveness of vegetated buffers
for the removal of pollutants, no single “best buffer”
has been identified for widespread application.
However. with better definition of those variables
that determine buffer effectiveness, a better under-
standing can be gained as to what conditions, in
general, promote pollutant removal effectiveness.

Surface Water Flow

In order for a vegetated buffer to effectively
remove pollutants and sediments, the surface water
flow through the vegetated buffer must be slow,
shaliow, and uniform (Broderson, 1973; Dillaha et
al., 1986a). Surface water runoff shouid progress as
shallow “sheet flow,” and not become channelized
as it moves across the butfer area. Stow flow allows
for pellutants — which are often adsorbed to
sediments — to settle out and become incorporated
into surface soils (Lee et al., 1989), Settling will be
most pronounced in runoff that contains large-sized
sediment particles, and less pronounced in those
containing fine silts and particulates, which often
require long retention times and very slow flows in
the vegetated buffer to effectively settle. Slow flow
also promotes utilization of nutrients by plants,
assists flood control by allowing water to percolate
into the soii, and reduces erosion within the buffer
area. Rough surfaces, which better reduce flow
velocity and promote sheet flow, result in greater
pollutant and sediment removal than smooth sur-
faces (Flanagan et al., 1986; Williams and Nicks,
1988).

Field tests, however, indicate that naturally
occurring vegetated buffers are generally incapable
of inducing sheet flow from storm water runoff due
1o the natural tendency of water to move in discrete
channels, Dillaha et al. (1986a) report a range of 40
10 95 percent reduced efficiency of sediment, nitro-
gen, and phosphorus removal in vegetated buffers
when runoff flow through the buffer area deviated
from shallow sheet flow. Channelization of flow
through the buffer was cited as a major problem and

10

limitation to buffer effectiveness during the review
of riparian bufiers implemented on agriculturat
tands in the state of Virginia. Nearly all the veg-
etated bufters inspected needed some form of
maintenance or engineering to reduce channeli-
zaiton of flow, and to increase effectiveness in the
removal of sediment and pollutants from surface
runoft. The natural tendency of water to move in
discrete channels may be one of the greatest impedi-
ments to successful buffer implementation for
nonpoint source pollution control. particularly when
implementing nonengineered vegetated buffers.

When depth of the surface water flow is such
that vegetartion in the buffer is submerged. effective-
ness is reduced. As submergence increases, filtering
efficiency of the buffer declines to zero (Karr and
Schlosser, 1978: Barfield et al., 1979). When storm
evenls occur, such as sudden thunderstorms, precipi-
tation can often be extremely heavy. submerging the
buffer and allowing an initial heavy flow of pollutants
into receiving waters. All vegetated buffers may exper-
lence temporary ineffectiveness during thunderstorms
or similar events that bring heavy precipitation.

Groundwater Flow

As surface soils become saturated, water may
move verticalty rather than horizontally through the
soil layer and enter into the groundwalter recharge
system. The net movement of groundwater depends
on soil type, subsurface impermeable layers, geol-
ogy. hydrologic regime, and slope. Groundwater
carries soluble pollutants that have passed through
soifs in percolated water. As it eventually recharges to
lakes, rivers, streams, and coastal waters, it can be-
come a source of pollution to surface waters. Ground-
waler may also move into subsurface aquifers and
degrade potable water supplics. In areas such as the
coastal northeastern United States, groundwater
recharge can be a signtficant source of nitrogen
earichment to coastal waters (Valiela et al., 1992;
Weiskel and Howes, 1992). Leachate from septic
tanks, leaking underground storage tanks, landfills,
and accidental spills can all enter the groundwater
system, eventually entering coastal waters.

Vegetated buffers, however, may only be able 10
remove a limited number of pollutants from ground-
water — nutrients and some metals, for instance.
Oils, most metals, and pesticides will generally not
be effectively removed by vegetated buffers once
they have entered the groundwater recharge system.



Furthermore, vegetated buffers located over deep
waler tables are not usually effective in the removal
of pollutants from subsurface flow. Deep groundwa-
ter flows can move over considerable distances and
over relatively long time frames (Hynes, 1983}, and
at depths where plant root systems are unlikely to
reach them. Areas that are recharged from deep
groundwater llows often receive pollutant inputs
from distant sources that may have originated
decades ago. A time lag may therefore develop
between both cause and effect, as well as between
the implementation of abatement measures and any
observable effects.

Nutrient uptake and utilization by plants can be
4 major pathway of nutrient removal from ground-
water supplies in a vegetated buffer. In areas that
contain a shallow aquaclude (a subsurface imperme-
able soil layer). subsurface flow may be more
horizontal than vertical, increasing the likelihood of
groundwater being reached by the roots of overlying
vegetation. In a forested area located over a shallow
aquaclude (less than four meters decp). Peterjohn
and Correll (1984) reported an 80 percent removal
of nitrate from surface water flow, and Correll and
Weller {1989) reported an 84 to 87 percent removal
of nitrate from groundwater. In these instances the
subsurface aquaclude kept the groundwater avail-
able to the root systems of plants in the buffer for
uptake, as well as keeping it available to denitrify-
ing microbial communities.

A major pathway for nitrate removal in ground-
water is denitnfication. The process of denitrifica-
tion, which converts nitrate to nitrogen gas, which is
then released to the atmosphere, is reliant upon the
existence of 2 microbial community of denitrifying
bacteria. The microbial community is partly reliant
upon anaerobic conditions — a circumstance in
which no free oxygen is present. The oxygen
present in nitrate (N03) 1s utilized for metabolism
by the microbial community, and nitrogen gas is
released to the atmosphere as a metabolic by-
product. A further limitation to this process is the
availability of a source of carbon {(organic material)
to support the microbial community {Obenhuber
and Lowrance, 1991). Soils that are poorly drained
and rich in organic materials will typically provide
conditions that promote denitrification,

Areas with a shallow water table, such as
wetlands and areas with poorly drained soils, most
readily provide the conditions conducive to the

removal of nitrate contained in both surface and
groundwater supplies. A series of related studies by
Gold et al. (1991), Simmons et al. (1992), and
Groffran et al. (1992). reported that nitrate removal
was greater in areas with shallow water tables than
in those with deep water tables dunng both dermant
and growing seasons. Ambus and Lowrance {1991)
found that 68 percent of the denitrification they
observed occurred in the top two centimeters of soil.
A shallow water table keeps groundwater close to
the surface and in the area where carbon sources
(i.e., organic leaf litter) are most likely to promote
the growth of denitrifying microbes. Correll and
Weller (1989), based on biomass removal estimates
for nitrate-nitrogen, suggest that denitrification may
be the most important nitrate removal mechanism
from groundwater in forested areas.

There is, however, some concern that use of
vegetated buffers to treat surface water runoff may
actually increase groundwater nitrate and other
soluble pollutant concentrations by promoting
percolation into soils. Gold et al. (1989) and
Weiskel and Howes (1992) have both reported that
nitrate can readily travel through soils and into
groundwater supplies with little or no removal in
transit. This may be true for many soluble forms of
pollutants, particularly in areas with highly perme-
able or very well-drained soils (Schwer and
Clausen, 1989), Under some soil conditions — well-
drained, sandy soils, for instance — the vegetated
buffer could slow surface flow, promoting rapid
percolation of surface water to groundwater, and
actually degrade potable water supplies or coastal
waters. It is presently unclear, however, to what
extent this event occurs, and further study is needed
to determine if and when vegetated buffers promote
groundwater coramination.

Slope

Areas of steep slope do not allow for iong
retention time of runoff water, and since pollutant
removal is at least partially time-dependent (i.e., to
allow plant uptake and denitrification to occur),
steep slopes reduce vegetated buffer effectiveness.
Furthermore, steeply sloped areas negate the veloc-
ity-reducing effects of surface roughness, and
thereby promoie erosion. Even though a steeply
sloped area may be thickly vegetated, it may be
ineffective at removing sediments and pollutants
because it promotes erosion and channelization of



flow through the bufter arca. The shallower the
slope, the longer the residence fime, the slower the
flow, and the greater the ability of sediment and
pollutants to settle and be removed from the runott.

A slope of less than 15 percent reportedly
allows for adequate retetion time and pollutant
remaval, while steeper slopes may not be suitable
for vegetated buffers due to the slopes” erosion
potential and lack of adeyuate retention time
iSchucler und Bley, 1987; Niewswand et al.. 1990:
Palmstrom, 1991). Clark (1977} gives some ex-
ampies of minimum butfer widths for water quality
protection according to slope and soil crodibility: he
recommends a minimum width ot 10 meters for
areas with no slope on slightly erodible soils,
cxtending to 50 meters for 30-percent slopes on
severely erodible soils. Trimble and Sanz (1957)
suggest adding an extra 0.6 meiers of vegetated
buffer width for each one-percent increase in slope
within the vegetated buftfer for minimum effective-
ness, and a 1.2-meter increase per one percent slope
increase to attain greatest water quality protection.
Broderson (1973), in a study of the effectiveness of
forested buffers to remove sediment from runoff
before the runoff enters a stream, suggests that
fifteen-meter buffers are sufficient at slopes less
than 50 percent, and a maximum 66-meter buffer is
sufticient for extremely sloped areas. Comerford et
al. (1992) note, from a review of the literature, that
slopes greater than 30 percent gencrally allow
inadequate retention time in a vegetated buffer for
any significant denitrification 1o occur.

Slope of the area preceding the vegetated buffer
also can affect pollutant and sediment removal.
Steep slopes leading into a flat buffer arca often
tend to cause the bulk of the transported sediment to

be deposited on the leading edge of the buifer area.
forming a berm (Magette et al,, 1986; Robat and
Sabol, 198%). Once a berm is tormed at the leading
edge of the vegetated buffer. water will be chan-
neled around the buffer, rendering it uscless. Even-
tually the berm will be breached, causing
channelization of flow into the vepetated buffer,
mcreasing erosion and reducing buffer effectivencss
for pollutant and sediment removal.

Soil Characteristics

Soils with high permeability generally provide
greater filtration of sediment and attached pollutants
(Chescheir et al., 1988; Lee et al.. 1989). Once the
pollutants enter the soil layer, they can become
incorporated through physical, chemical, and
biological interactions. However, highly permeable
soils, such us sandy soils. may allow for the rapid
movement of water into the groundwater recharge
system. The movement may be so rapid that no
removal of pollutants is allowed by plants, and only
minimal removal by physical and chemtical adsorp-
tion, particularly for dissolved forms of pollutants,

Figure 1 shows that well-drained soils are only
half as effective for the removal of nitrogen as
poorly drained soils. Sandy soils provided the feast
nitrogen removal, regardless of drainage capacity.
Ehrenfeld (1987) found that nitrogen from septic
system leachate moved greater distances vertically
than horizontally through the permeable sandy soils
of the New Jersey Pinelands, where the nitrate-laden
septic leachate gquickly percolated below the root
zone of buffer vegetation. In some soils, vegetaled
buffers that are not located directly in the sepiic
system leach field plume will be ineffective in
removing nitrate. The contaminants contained in

Figure 1. Nitrogen removal in
varigus poorly drained and well-
drained soil types. Nitrogen
removal is more than doubled in
poorly drained soils compared 1o
well-drained soils. Sandy soils
provided poor nitrogen removal
regardless of soil wetness. Data
from Groffman and Tiedje, 1989a.

Poorly drained

Well-drained

igam

T [ T T T T

0 15 X 25 XN 3% 4 45 50
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septic system leachate can readily enler nearby
waterways under these conditions.

Poorly drained soils generally retain wiuter long
enough. and often under conditions favorable
cnough. that pollutant removal is accomplished.
Figure | presents a range of nitrogen-removal data
reported by Groffman and Tiedje (1989a) for a
vanety of soil types and conditions. Poorly dramed
soils were found to be more than twice as effective
as well-drained soils for the removal of nitrogen.
Poorly drained soils that contain a higher vrganic
content are more apt 1o promote the growth and
mairtenance of denitrifying microbial communities
and hence greater nitrogen removal (Nichols, 1983;
Peterjohn and Correll, t986; Groffman et al.,
1991a). In cases where long residence time occurs
in saturated, organic soils, nitrogen removal may be
high {Cooper. 1990). These conditions are typically
found in salt marshes, wetlands, and wet forests, all
of which have been repeatedly reported to express
high denitrification potential, Saturated, organically
rich soils, therefore, can be useful in the removal off
both soluble and sediment-bound pollutants, while
sandy soils may be most effective in removing
sediments and bound pollutants. and soluble forms
only marginally.

Soils rich in clay content are often relatively
impermeable, and removal of pollutants from
surface waters by soil percolation can be low,
Scheuler and Biey (1987) do not recommend
vegetated buffers as effective pollutant removal
mechanisms in clay-rich soils. Mixed clay soits,
howcever, as shown in Figure |, often arc effective in
the removal of pollutants. Clay soils often have high
affinities {or binding positively charged pollutants,
particularly metals, by acting as a cation {negatively
charged) exchange site. Provided the clay soils are
not compacted, and runoff over the area 15 slow,
poliutant removal via chemical binding may be
significant (Zirschky et al., 1989}, Chemical re-
moval, however, is finite: once metals are adsorbed
to soils, they can be freed for transport by further
chemical or physical disturbance of the soil layer,
and may be moved during the next runoff event. A
ranking of stability of soil-bound meitals given in
Baker and Chesnin (1975} shows that copper has the
greatest fendency (o remain stable once adsorbed.
Zirschky et al. (1989), experimenting with copper.
nickel, zin¢, cadmium. chromium, iron, lead, and
manganese, found that only copper and zinc were

consistently removed. Other metals may therefore
not be etfectively removed from surface runot! by
vegeluted buffers. even in buffers with conditions
conducive 10 metals removal, and other methods
may need to be explored i removal of metals is of
major concern,

Pollutant Characteristics

Many studies indicate that most potlutants and
nutrients transported by surface runodt are witached
to sediments. This tends to he true for metals
(Zirschky et al.. 1989), pesticides (Lake and
Morrison. 1977). phosphorus (Karr and Schlosser,
1677, Cheschetr et al.. 1988: Lee ¢t al.. 1989}, and
some torms of nitrogen (Karr and Schlosser, 1977,
Chescheir et al., 1988). Nitrate, however, has less
affinily to sediments, and 15 most often found 11 a
dissolved phase (Chescheir et al., 1988). Runott that
characteristically contains pollutants bound to
sediment need only move through a bufter able to
remove the sediment load. When runoff characteris-
tically carrtes pollutants in dissolved or soluble
forms. the buffer arca will necd to promote long
retention times in order for those poliutants to be
effectively adsorbed to soiis or utilized by plant and
microbial communities.

The effectiveness of pollutant removal will be
related to the concentration of pollutants entering
the vegetated buffer from outside sources. Much of
the reviewed literature reports testing buffer effi-
clency in response to sources that have very high
concentrations of incoming pollutants, particularly
sediments and nutrients. For instance. Edwards et al.
(1983) measured concentrations of total suspended
solids. nitrogen. and phosphorus entering grassed
huffers from a catile feediot 1o be: 10,200 mg/t TSS:
705 mg/l N; 152 mg/l P. In most cases. very favor-
able removal efficiencies were reported. despite a
high input rate. In the Edwards et al. (1983) study,
removal rates of 87 percent TSS, 83 percent N, and
R4 percent P were recorded after the feediot runoft
had moved through a settling basin and sixty meters
of grassed bufter. This may suggest that vegetated
huffers treating more “averiage™ concenirations of
pollutant inputs might produce even greater removal
efficiencies than those reported in the published
literature (see Schueler (1987). for example. for
average concentrations of various pollutants con-
tained in urban runoff water).

In contrast, Nichols (1983) reported that re-



moval efticiency for nitrogen and phosphorus
decreased as leading of those nutrients into a
wetland treatment area increased. Reuter et al.
(1992) report similar results. The U.S. Army Corps
of Engineers (1991) suggests that, despite reported
high removal efficiencies for pollutants in vegetated
butfers, high pollutant loading rates into the buffer
may result in degradation of udjacent sensitive water
bodies, For example, Castelle et al. (1992) reported
that 55 percent of the assessed buffers implemented
to protect wetlands that bordered residences using
lawn maintenance systems showed impacts from
tertilizer applications. The symptoms ranged from
increased wetland plant growth to wetland plant
death from nitrogen toxicity. Under high pollutant
loading conditions. the percentage of pollutants nof
removed may be sufficient 1o cause degradation of
water quality and other resources. This is further
exemplified by the study of Edwards et al. (1983),
in which, despite high removal rates (87 percent
TSS, 83 percent N, 84 percent P), the poliutant load
leaving the sixty-meter grass buffer was high (988
kg TSS, 63 kg N, 15 kg P), as were concentrations
(3,840 mg/1 TSS; 260 mg/l N; 51 mg/1 P). Although
high pollutant removal rates in vegetated buffers
will certainly reduce loadings 1o receiving water,
they may not necessarily equate 1o protection of
waler quality.

Over time, a vegetated buffer may become
“saturated” with sediments and pollutants, reducing
overall removal efficiency. Eventually the buffer
could become a source of pollutants to adjacent
water bodies. It is well known that physical distur-
bance can cause pollutants trapped in a vegetated
buffer to become available for transport out of the
buffer area, However, not enough research has been
conducted on vegetated buffers to adequately assess
either the conditions that lead to saturation with
pollutants or the circumstances under which an un-
disturbed vegetated buffer becomes a pollutant source.

Karr and Schlosser {1977) note that pollutants
contained in surface runoff are generally bound to
smaller-sized sediment particles, such as silts and
clays, and that the effectiveness of any vegetated
buffer will partialty depend on how well it removes
silts and clays from runoff water. Clay sediment in
runoff generally exists at very small sizes, and Karr
and Schlosser (1978) report that, as particle size
decreases, the buffer width required to remove a
greater percentage of those particle sizes increases
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dramatically. Wong and McCuen (1982) similarly
found that disproportional increases in buffer width
— trom 33 to 66 meters — were required to in-
crease sediment removal efficiency of a grassed
buffer from 90 1o 95 percent. The largest sediment
particles are generally deposited within the first few
meters of the vegetated buffer, leaving the fine silts
and clays in suspension, For exampie. Neibling and
Alberts (1979) reported that only 37 percent of clay-
sized sediment and particulates were removed
within a 0.6 meter width of grass vegetated buffer.
while 91 percent of the total sediment foad was
removed within the same effective buffer width,
Wilson (1967) found that most coarse-grained
sediment was removed in 3.3 meters, most silt in 15
meters, and most clays by 90 meters in a buoffer
vegetated with Bermuda grass.

Relatively narrow buffers, provided they pro-
mote shallow sheet flow through the buffer area,
will effectively remove coarse-grained sediments
and their associated pollutants. Wider buffers,
however, will be required to remove smaller-sized
particles of sediment and the pollutants adsorbed to
them, Pollutants in dissolved forms may require
even greater buffer width to be effectively removed
by chemical interactions. plant upiake, or microbial
transformation.

Vegetation Type

The vegetative ground cover within a buffer
serves multiple purposes with regard to overali
huffer effectiveness by removing pollutants, provid-
ing habitat, and creating aesthetic appeal. The type.
density, and age of the vegetative ground cover play
a large role in determining the effectiveness of
pollutant removal, the habitat value to wildlife, and
the overall aesthetic appeal of the vegetated buffer.
The vegetative ground cover contained in a buffer
can be manipulated, often in a cost-effective man-
ner, to better achieve the goals for which the veg-
etated buffer was implemented. For instance, the
vegelative cover in the buffer could be manipulated
to enhance the removal of various pollutants of
concern, thereby providing some flexibility to
resource managers for achieving their specific goals.

Table 2 provides a range of removal rates
reported in the hiterature for nitrogen, phosphorus,
and sediment in both grassed and forested buffers
and over a variety of site-specific conditions.
Nitrogen was the most widely reported potlutant



with regard to removal in vegetated buffers. The
removal rates provided in Table 2 may be usefut to
resource managers for estimating potential nitrogen
removal in implemented buffers, based upon vegeta-
tion and other general characteristics. In the cvent
that pollutant loadings were able to be estimated,
actual removal rates for a proposed vegetaied buffer
could be estimated, based upon Table 2 and site-
specific data, and the buffer area moditied in order
to achicve the desired pollutant removal goal.

The removal rate values for nitrogen presented
in Table 2 are graphically presented in Figure 2 to
visually show the range of nitrogen removal rates in
grassed and forested buffers. The range of nitrogen
removal rates represented in Figure 2 shows that,
overall, grassed buffers have greater aitrogen
removal potential than forested buffers. Forested
areas, particularly wet forests, are frequently noted
in the published literature 1o be more effective
nitrogen removers than grassed areas. In Figure 2,
however, grassed buffers are shown to have the
potential to remove nitrogen al a rale approximately
three times greater than that of forested areas. The
potential for forested areas to remove nitrogen may
be underestirnated in the presented data, since some
of the grassed buffers were treated with direct
nitrogen applications (fertilizers), thus providing a
greater representation of their overall nitrogen
removal potential. Studies conducted with forested
buffers generally did not include fertilizer treat-
ments; therefore, their range of potential nitrogen
removal may be underestimated. However, unfertil-
ized control plots of Kentucky bluegrass utilized by
Morton et al. (1988) had removal rates of only 2.0
kg/N/hajyr, which is considerably lower than the
lowest removal rates reported for forested areas (see
Table 2 and Figure 2). Furthermore, fewer studies
for grassed buffers reported removal in kg/hafyr
than for forested buffers, and the average removal
rate for grassed buffcrs may more closely approxi-
mate those for forested, given greater representation
(see Figure 2).

Grasses and woody-stemmed species are de-
scribed separately below because of the unique
characteristics of each type, as well as the differ-
ences edach group exhibits in the removal of sedi-
ment and pollutants from runoff. Furthermore, the
literature on the two types of ground cover is very
different, Most of the work cormpleted for grass
buffers comes from studies of vegetated filter strips

where the primary pollutant of concern is sediment
{and its adsorbed pollutant load). The resuits of
grassed buffer studies are generally reported as
percent removal and typically have treated source
areas with a high pollutant load. Studies of wooded
buffers generally have focused on naturally foresied
areas, with the remaval of nitrogen the primary
focus. Nitrogen removal typically is through bio-
logical rather than physical/chemical pathways,
such as denitrification and plant uptake and storage.
Forested buffer studies less often reported source
arcas that contained high poliutant loads, and
generally treated logged or urban areas rather than
livestock and agricultural areas. The result is very
much two separate bodies of knowledge, which
have taken two separate paths of study, This makes
for some difficulty in directly comparing grassed
and forested buffer studies. as the methods and
reporting of results are gencrally different. Erough
of each, however, has been reported in similar units
that some preliminary comparisons can be made and
relationships proposed.

Grasses

Grasses tend to be very effective in reducing
overland flow, as well as being effective nutrient
and sediment removers. Removal rates reported in
Table 2 and used in Figure 2 show that grassed buf-
ffers treated with fertilizer applications cun remove
up to 290 kg N/ha/yr. Despite high reported removal
rates and efficiencies, it is often unclear how this re-
lates to water quality protection. Morton et al.(1988)
found nitrate leachate concentrations leaving fertil-
ized plots of Kentucky bluegrass to be well below
the EPA drinking water standard of 10 mg/1 nitrate-
nitrogen. Nitrate concentrations ranged from 0.51 to
4.02 mg/l, with the higher values found teaving
heavily fertilized. overwatered experimental plots.
The results of this study suggest that home lawn
fertilization practices may not always pose a direct
threat to drinking water supplies. Although these
reported concentrations do not appear threatening to
potable water supplies, concentrations at the upper
portion of the range could, when combined with
other sources of nitrogen, contribute to eutrophica-
tion of coastal waters. This may be particularly true
in the temperate coastal zone, where soils are
typically composed of glacial till and sand, which
often allow rapid movement of groundwater to
coastal waters with only minimai removal of nitrogen.

1N



Table 2. Removal rates for various pollutants in vegetated buffers. The values reported for removal in grassed buffers may
be high relanive to forested butlers because most received direer tertilizer reanmenis, whereas forested buffers did nor. Remova|
rates tor forested butfers may therefore be underestimated with repard 1o their actual removal potential. {1 kilogram = 2.2
pounds: 1 hectare = 2,47 aeres|

Reference Removal Rate Details
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NITROGEN

Ehrenteld, 1987

T3 - B0 hg NAGAT

Hardwood wetiand geting seplic wank leachate

Ehrenfeld. 1497

45 - 56 hg Nihayyr

Pire upland geiting sepic tunk leachate

Ehrenicld. 1987

R¥ - 60 hg N T

Qak upland geiting sepuic ank leachaute

Peterjolin & Cuorrell, 1984

77 kg Nihadyr

Mud-Adluntic coastal plain forest rees

Palazsa, 1981

290 kg Nihahr

Orchard grass: sewage waste treated

Fail e al.. 1986

S0 kg N/hadyr

Plant uptake and storage i a coastal plain niparian forest

Cole & Rapp, 1981

754 ke Nhair

Mean of 13 temperate decidunus forests

Lowrance vt al,, Y84

318 kg Nihagyr

Aboveground plant siorage in riparian forests

Lowrance et al., 1984

315 R Nfhaiyr

Denitritication i riparian foresis

Muorton e al., 198K

20 hp Nhajyr

Kemtucky blucgrass control plot

Morton et al.. T98E

32 hy Nihatyr

Kemucky hucgrass: overwatered and fertilized

Brown & Thomas, 1987

194 kg Njha

Bennuda grass on sandy soils with repeated harvesting

Peterjohn & Correll, 1984

11 kg/ha particulate organic N

Riparian forest treating agricultural watershed

Peterjohn & Correll, 1984

083 kha anmuonivm N

Riparian lorest treating agncultural watershed

Peterjohn & Correll. 1984

2.7 kg/ha nitrate N

Riparian forest treating agricullural watershed

Peterjohn & Currell, 1984

45 kg/ha nitrate N in

Riparian loresi treating agricultural watershed

proundwaler
Groftman & Tiedje. 1989z 10 kg Nudyr Well-draned Joam
Groftman & Tiedje, 1989a ET kg Nhajvr Sorewhal powrly drained loam
Grotfman & Tiedje, 19%9a 24 kp Nhadvr Poorly dramed loam
Groffman & Tiedje, 19%9a 18 kg N/hafyr Well-draimed clay—Iloam
Giroffman & Tiedje, 1989 17 kg N/hafyr Suvmew bt poorly drained clay — loam
OrotToman & Tiedje, 1989 0 kg N/hafyr Pouorly drained clay-—loam
Groffman & Tiedje, 1989 .6 kg Nhafyr Well-dramed sand
GrofTman & Tiedpe. 1989 L8 kg Nfhufvr Somewhat poorly drained ~and
Grofiman & Tiedje. 1989 L5 kg Nfhafyr Powrly drained sand
Grotfman e al., 19%1a FE g Nhafday Welt drained aerobic forest soil with nitrate added
Groffman e al., 1991a 365 ¢ Nhafday Poorly drained aerobic forest sonl with nitrate added
Croffran eral., 1991a T.RRY ¢ Nfhaiday Tall fescue on aerobic sail with nitrate added
CGroffman et al., 1991a 4.337 ¢ Nhadday Reed canary grass on acrobic soil with nitrate added
CrrolTman ¢t al.. 1991a 1.1 g Nfha/day Well-druined anaerobic forest soil. no nitrate added
Crroffman e al., 19914 1.306 g Nhafday Well-dratned anaerohic forest soil. mirate added
Grolfman et al., 1991, 131 g N/hajday Poorly drained anaerobte forest soil, no nitrate added
Grolfman et al., 1991a 1.402 g Nhafday Poorly drained anacrobic Torest soil, mitrate added
Grofhman et al., 19912 1.0 g Nihafday Tall fescue on anaerobic soil, no nitrate added
CirofTman et al., 19914 F7.208 ¢ Nhafday Tall fescue on anaerobic soil, nitrate added
Grolfman et al.. 1991a 1.0 g Nrha/day Reed canary grass on amaerobic sonl, no nitrate added
Groffman et al.. 1991a 15208 g Nhaiday Reed canany grass on anaerobic soil. nitrate added

Wurwick & Thll, 19%8

0.05—0 S3pg Nim-—/dav

Sandy sediments

Warwick & Hill, 1988

(.0K—1.20 pg Njm={day

Organic sediments

Wirwick & Hill. 1988

105319 pg N‘)‘m:y’du}'

Watercress bed dernites and sediments

Hook & Kardos, 1977

3RE kg Nhatyr

Reed canary grass; sewape waste treated

Rhodes et al., 198RS

0341 —7.265 ¢ Nhrfacre

Muean of 111 high-altiude wet meadow samples

Lemunyon, 199]

Y93/ 3TSkp Nha

. . il .
Swooth Bromegrass in E3m< well-drained plot urea reated

Lemunyon, 199

361 7 306 ke NAa

- . . ) .
Grarrison grass in 13m= well-drained plof: urea treated

Lemunyon, 1991

739 7 189 kg N

. il .
Kentucky bluegrass in 13m— well-drained pliot: urea treated

Lemunyon, 1991

876 7 384 kp Nha

. i .
Orchard grass in 15m= well-drained plot; urea treated

Lemunyon, 1991

07 257 kg Nho

A . ¥ .
Perremial ryegrass in I5m= well-drained plot: urea treated



@ Fable 2. Removal rates for various pollutants in vegetated buffers. Continued

Lemunyon, 19t

RO9 /7 340 kg Nha

- il .
Revd canary grass in 1Vam = well-drained plot: urea treated

Lemunyon, 1991

650 7 335 hg Nha

. . it .
Sweet vernal grass in 13m= well-dramed plot urea trealed

Lemunyon. [ 941

8.2/ 379 kg Nia

. - . T .
Tab) fescue in 13m= well-drained plot: urea treated

Lemunyon, 1991

0.5 7 11T ke Niha

Big bluestem in 13m= well-dramed plot: urea treated

Lemunyon, 1991

29.1 /8.5 kg Nha

. . 7 .
Switchgrass in 13m~< well-dratned plot, urea treated

Hill & Sunmugadas, 1985

37—412 mg N/m ~iday

24-hour streamt sediment incubation

Hill & Sanmugadas, 1985

33223 mg N/m ~day

4R-hour stream sediment incubation

Schellinger & Clausen, 1992

0.72 kg/m-yr TKN

22.9 X 7.6 mixed species grass bulter: 2% slope

Schetlinger & Clausen, 1992

032 kg/m E;’yr Ammonia-N

229 X 7.60m mixed species prass buffer: 2% slope

“PHOSPHORUS

Peterjohn & Correll. 1984

3.0 kp/ha tolal particulaie P

Riparian forest treating agricultural watershed

Lowrance et al.. 1984

3.8 kg Plhafyr

Aboveground plant storage 10 riparisn forests

Schellinper & Clausen, 1992

0.15 kg/m “fyr TP

229 X 7.6m mixed specics grass BUFfer. 2% slope

Schellinger & Clausen, 1992

0.12 kg/m~/yr Dissolved P

230 X 7.6m mixed xpecics grass huffer; 2 slope

Schelhinger & Clausen, 1992

0.09 kg/m =/yr Ortho P

225 X 7.6mnnxed species prass buffer: 2% slope

Cole & Rapp. 1981

5.6 kg Phadyr

Mean of 14 wemperate deciduous forests

SEDIMENT & OTHER

Peterjohn & Correll, 1984

4.1 kgfha/yr of particulates

Riparian forest {reating agriculiural watershed

Schellinger & Clausen, 1992

Figure 2

Figure 2. Ranges of nitrogen removal
for grass and forested buffers. The
heavy line contained in the bar
represents the mean of the data that

.13 kg/m <AT TSS

22.9 X 7.6m mixed species grass buffer: 24 slope

Grass

constitute the range. Daia taken {rom
Table 2. [1 kilogram = 2.2 pounds; |

hectare = 2.47 acres]

Forest

T T T T T
50 10¢ 150 200 250
Nitrogen Removal (kg/N/haiyr)




Grasses are destrable as part of the vegetative
matrix that constitutes the vegetated bufter. They are
generally able to respond rapadly to increased
concentrations of nutrients. grow rapidly and
denscly, and typically grow well in nearly all
climates. Thickly planted. clipped grusses provide a
denxse. obstructive barrier to horizontally flowing
water. This increascs the roughness of the errain,
which reduces flow velocity, promotes sheet flow,
and increases sediment and adsorbed pollutant
removal cfficiency. This also increases residence
time in the bufter, which promotes uptake of nutri-
ents by plants. Low-cropped grasses, however, may
not be adequate in areas that experience frequent
flooding. as they are rendered temporarily useless
when submerged. Grasses that are to be used as part
of the vegetated mairix of the buffer should there-
fore be teft in an uncut condition, or at least not cut
below a height of three or four inches. A worst-case
grassed buffer would be one that is highly mani-
cured and clipped low, resembling a golf course
putting green. These become flooded very easily,
thus being rendered useless as a pollutant filter.
Medium height, thickly growing grasses represent
the ideal for a grassed bulfer area.

The use of grasses in vegetated buffers has
many maintenance benefits. Mowing is relatively
easy, and the clippings can be readily collected for a
more permanent removal of nitrogen and other
pollutants from the bufter area. Considering that
grasses ~— particularly thickly growing covers —
are also effective at reducing runoff velocity, they
may be used with the additional effect of promoting
slow, shatlow sheet flow of runoff into a naturally
wooded buffer arca. Although grasses are effective
as vegetated buffer species, they lack the versatility
required of multiple-use buffers — for preserving
wildlife habitat or promoting visual diversity, for
instance — and generally are not suitable for use as
the only cover within a multiple-use vegetated
buffer area. Grasses therefore are suitable as part of
the vegetated matrix that makes up the buffer arca,
or as ground cover in the area immediately preced-
ing the naturally vegetated buffer,

Woody-stemmed Species

Woody-stemmed species generally have deeper
and more well-developed root systems than grasses,
and when the root system is greater than two feet
deep, the vegetated buffer may be effective for the
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removal of pollutanis from groundwater (Ehrenfeld,
[987. Groffman et al.. 1991b). In general, hardwood
species are better nitrogen removal mechanisms

than are conifer species (Spur and Barnes, 1980).

but the overall removal of pollutants will vary
according to characteristics of the forested buffer
site -— such as vegetative composition, depth to the
water table, und hydrology.

For woaoded butfers, poorly drained forest plots
have been found to provide greater denitrification
thun well-drained forest plots by creating better
living and growth conditions for denitrifying mi-
crobes, as well as by keeping water within the organ-
ically enriched surface soil layer and close to root
systems of resident vegetation (Correll, 1991; Groft-
man et al., 1992). Figure 2 shows removal rates as
high as 85 kg N/ha/yr have been reported for nitro-
gen removal in forested areas. The range of nitrogen
remaoval rates for forested buffers is small. suggest-
ing that removat and storage in these sites are, on
average, fairly consistent. With regard to plant
uptake. Ehrenfeld (1987) found that brush species
did not show an increased nitrogen content in the
presence of septic system leachate, while hardwood
and conifer species did. This suggests that species
with shatlow root systems may often be tneffective
at removing aitrogen from groundwater supplies.
except in poorly drained areas where groundwater
remains ncar surface soils. Areas with a deep water
table will need (o rety on deep-rooted species to
realize any nitrate removal prior to recharge from
groundwater supplies to nearby waterways.

There is considerable variation in the docu-
mented nitrate-reducing capacity of forested buffers,
depending on site and climate. Whole-watershed
studies conducted by Peterjohn and Correll (1984
and Lowrance et al. (1984a.b) report high levels of
nitrate removal from surface water within forested
buffers of mid-Atlantic latitudes, while work con-
ducted by Warwick and Hill (1988) noted very little
nitrate removal in northern latitudes (Canada).
Warwick and Hill (1988), however. did note that
reduced nitrate removal at their study site may have
been at least partially due to minimal retention time
of runoff during their experiments, and that in-
creased retention lime of runoff water in a forested
buffer should increase nitrate removal efficiency.

Groffman et al. (1992) and Simmons et al.
(1992). in companion studies, noted that nifrate-
nitrogen reduction in a vegetated buffer is domi-



nated by plant uptake during the growing season,
but that soil microbial denitrification is the domi-
nant nitrate removal mechanism during the dormant
season. Denitrification during the dormant season
was a resuit of a higher seasonal water table that
allowed nitrate-laden waters to remain near surface
soils, which are richer in organic content and allow
tor microbial denitrification, Groffman et al.
(1991b) reported that nitrate removal decreased by
64 percent between the growing and dormant
seasons in their study of vegeiated buffers in Rhode
Island, while Correll et al. (1992), during a study of
vegetated buffers in Maryland, reported 97 percent
nitrate removal rates from groundwater in the fall
(growing season}, declining 10 §1 percent removal
in winter months (dormant season),

These findings suggest that, at least in temperate
latitudes, seasonal variability in vegetated buffers
can be expected, Actively growing vegetation will
be effective at nutrient removal during summer
months, when coastal waters are typically most sus-
ceptible to nutrient inputs. During the dormant
season of vegetation, at least in areas where ground-
walter can rise near the soil surface, denitrification
will continue lo remove nitrate, but possibly at a re-
duced rate, Cold weather months, however, may
result in vegetated buffers becoming ineffective as the
ground freezes and becomes generally impermeable.

Although not as simple as mowing the grass, se-
lective harvesting of woody-sternmed species is pos-
sible, thereby permanently removing nrutrients from
the vegetated buffer system (Lance, 1972; Leak and
Martin, 1975; Todd et al., 1983; Lowrance et al.,
1984¢: Ehrenfeld, 1987). Should a vegetated buffer
not be periodically harvested. eventually the niiro-
gen stored in plant tissues will reenter the system
through decomposition. Woody-stemmed species
are good long-term nitrogen sinks, but removal of
the entire plant also removes the nitrogen uptake
and storage mechanism. As trees are removed from
the buffer area, they will need to be replaced for con-
tinued nutrient removal at 2 more or less steady rate.

Ehrenfeld (1987) noted that most primary
production by trees is converted to leaf materials,
and Peterjohn and Correll (1984) found that 81
percent of the nitrogen uptake in a riparian buffer
was returned to the forest floor as leaf litter at the
end of the growing season. Removal of leaf litter
from vegetated buffers may therefore be considered
an effective permanent nitrogen removal mechanism

in buffer management schemes, The removatl of leaf
litter, however, results in the loss of organic/detrital
material to soils in the vegetated bufter. changing
one of the conditions — high organic content —

that promotes the growth of denitrifying microbial
communities. The positive or negative eftects of leaf
litter removal may be site-specific {e.g., presence of
a high water table).

Buffer Width

Buffer width variability is one of the most
versatile tools availabie to the resource manger.
Other vartables that affect the efficience of vep-
etated buffers in the removal of pollutants are often
unchangeable, or at least may not be altered in a
very cost-effective manner. Buffer width, however,
is often easy 1o manipulate in order to better achieve
the desired affect (e.g., water quality protection).

Table 3 lists vegetated buffer widths reported in
the literature to be adequate for generalized purposes.

The range of buffer widths runs from two
meters to nearly 200 meters, with a variety of
vegetation types reported. These data are presented
graphically in Figure 3, showing the overall range of
values reported to be adequate to protect water
quality in several categories of water bodies. The
values contained in the table and figure suggest that
even relatively narrow buffers (less than 10 meters
wide) have some reported value as a resource
mangement tool for the protection of water quality.
Based upon mean values reported by category,
however, forty-five meter buffers appear adcquate 10
protect water quality in general, at least within
freshwater systems and areas where sediment and
adsorbed pollutants are the major concem.

Table 4 presents a range of pollutant removal
effectiveness values, according to buffer width,
reporied in the literature. Although values for the
removal of other poilutants may have been given in
the publications cited, those presented in Table 4 —
sediment, total suspended solids (TSS), nitrogen,
nitrate, and phosphorus — were reported most
frequently, and were felt to provide the best range of
values for review purposes. Also provided in the
table, when given in the original manuscript. is
information on runoff (poilutant) source, vegetation
type(s), and slope of the buffer.

What is immediately obvious is the variability
in pollutant removal over both the range of buffer
widths and within similar buffer widths summmerized
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Table 3. Recommended vegetated buffer widths for pollutant removal, giving the desired effect of the implemented
buffer. The reported values are gencrally intended as minimum baffer width values (o achicve the desired purpose. |1 meter -

3.28 feet|

Author(s) Width {m) Objective Specifics
in: Comerford et al, 1992 2 Maintain stream channel <tability Ozark Mg
Ahola, 109} 2-10 Stream habital protection
Ahola, 19H) 5-20 River/tahe prostection
Scheuler and Bley. 1987 7 Low level pollutant removal Grassed buffer
n: Comerford etal., 1992 7-12 General purpose use Low slope: rural fand
Palmsirom, 1991 76 Gieneral purpose use
Doyle et al., 1975 16 Protect water guality from animal wastes Forested buffer
: in: Comerford et al., 1992 ® Protect generil water guality
! in: Comerford et 1., 1992 9 Protect water quality from ground-hased
herbicide applications
i Martin ¢t al., 1985 10 Prowct water gquality from clear-cut Toresied butfer
: Clark, 1977 3 Cieneral purpose use 0% slope over shightly erodible
soils
Swift, 1986 10-19 Protect peneral water quality Road runoff sediment
Trimbile & Sartz, 1957 106-122 Pratect water quality lrom logging <10% slope
Florida Div. Forestry, 1990 1] Protect general water quadiny Primarily streamside
in: Comerford et al., 1992 il Protect small strewm water guality Forested bufter
in: Comerford et ak. 1992 12-24 Protect general water qualnty Forested hufier
in: Comerford et al., 1992 12-83 Maoderate erosion prolection Forested
; in : Comerford et al., 1992 15 Protect water quality from pesticides
i Phitlips. 1989b 15 - 60 Protect general waler quality Well-drained soils
_ in: Comerford et al., 1992 15-103 Severe erostun proleclion Forested buffer
; Corbet & Lynch, 1985 20- 30 Protect water guality from logging Forested bulter
: Clark, 1977 i) Protect wiier quality from logging Forested buffer
Moring, 1982 0 Protect salmon egp and juvenile Forested buffer
development
Erman eval, 1977 X Protect stream waler gualily from logging Forested buffer
USACE. 1991 X 0% renunal of TRK Grassed buffer
in: Comertord ¢t al., 1992 k1] Protect water guality from acriad herbicide
applicalion
in: Comerford et al.. 1992 3 Protect large stream/river water quality Forcsted buffer
Phillips, 1UR9h J0-B{} Protect general water quality Poorly drained soils
Clark, 1977 45 Protect general water quality 30% slope over severely erodible
s0ils
Clark. 1977 46 Protect gencral water quality
in: Comerford et al., 1992 9 Protect private residences from aerial
herbicide applications
Phillips, 1989b 93 Protect stream water guahity Under all conditions
Romun & Good, 1983 ITEd] Wettand protection NJ Pinelands habitat
Brown et al. 196() 178 Protect werland water quadity
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tn Table 4. This variability in vegetated buffer pol-
tutant removal effectiveness is a direct result of the
site-specific conditions previousty discussed. Most
of the reported pollutant removat values come from
studies that have utilized buffers vegetated with
grasses to treat runoff from sources rich in pollu-
tants — manure. sewage spray. and feedlots for in-
stance. The range of values for removal effectiveness
presented in Table 4 may therefore be biased toward
the treatment of extreme pollution sources, compared
to what may be considered typical for runoff water.
Furthermore, studies of grassed buffers have provided
most of the data summarized in Table 4, with the result
that forested buftfers are potentially underrepresented
with regard to pollutant removal etficiency.

The data presented in Table 4 are graphically
shown in Figure 4 through Figure 8 for sediments,
total suspended solids, nitrogen, nitrate, and phos-
phorus. An associated “best fit” curve — a logarith-
mic function using percent removal as the depen-
dent variable — is also provided to show the mod-
eled relationship between buffer width and pollutant
removal efficiency. The relationship between buffer
width and polutant removal agrees with those
previously developed by Karr and Schlosser (1978),
Wong and McCuen (1982), and others, in which
removal efficiency increases rapidly up 1o a certain
buffer width, after which large increases in bufier
width are necded to improve removal efficiency by
even a small amount, It is important to note that the
data used 10 construct the graphs in Figures 4
through 8 do not come from a single, controlled
study, but from a wide variety of studies reported in
the literature. The studies were conducted at a
variety of sites and treated different pollutant

Figure 3

Figure 3. A range of vegetated

sources with differing input concentrations {see
Table ). The relationships between percent removal
and vegetated buffer width given here, therelore,
integrate butter effectiveness over a range provided
in the literature, and are 1o be interpreted as general-
ized, or average. pollutant removal effectiveness.

Removal of sediment and suspended solids
Sediments are readily removed trom surface
water runoff moving through vegetated bufiers. This
is evident from Table 4 and is further exemplified in
Figure 4, which shows that removal efficiencies are
typically high. even for relatively narrow vegetated
buffers. From the modeled relationship, a vegetated

buffer of even two meters in width could be ex-
pected to remove about sixty percent of the sedi-
ment load entering the vegetated buffer. A twenty-
five-meter-wide vegetated bufter could be expecied
0 remove about eighty percent of sedimeni inputs.
Only slight increases in removal efficiency with
increasing buffer width are noted for buffers greater
than 25 meters wide. Overall, vegetated buffer
width must increase by a factor of 3.5 in order to
achieve a 10 percent increase in the removal of
sediment in the vegetated buffer. Although the
majority of data that was used 10 develop the curve
shown in Figure 4 comes from grassed butfers, the
{ew reported values that come from forested buffers
are high, particularly at larger buffer widshs.

The pattern noted for the removal of total
suspended solids (TSS; Figure 5. following page} in
vegelated buffers is similar to the relationship seen
for the removal of sediment. In vegetated buffers six
melers in width, the expected removal efficiency for
TSS is about sixty percent. Eighty percent removal

buffer widths reported in the
literature to be adequate for the
protection of water quality in
various water body types. The range
represents buffer widths noted in the
literature, as reported in Table 3. The
General category contains buffer
widihs that were reported to protect
water quality, but were not specific to
atype of water body. The heavy line

Rivers and Lakes

Stream

General

contained in the bar represents the
mean of the data that make up the
range. |1 meter = 3.28 feet]




Table 4. A summary of pollutant removal effectiveness values according to width of the vegetated buffer. Removal
efficiency values are given as percent removal for each of the vartous pollutants treated in the vegetated buffer — sedimen,
TSS. 10tal nitrogen, total phosphorus, and nitrate-nitcogen. {1 meter = 3.28 feel|

PollutantRemoval { %)

Author{s) Width (m)  Sedivent TSS N | 4 N(y
Doyle vl al., 1977 0.5 E (122
Neibling & Alberts. 1979 i) 017
. Neibhng & Alberts, 1979 46 7%
| Neibling & Alberts, 1979 12 7R
; Dovle cral., 1977 15 okt ST
E Netbling & Alberts, 1979 24 B2
: Doyle et al, 1975 38 Q5% RIG
! Daoyle ¢t al., 1977 30 63% 6%
Young et al.. 1980 4.06 R4 Hi% K
Dillaba ¢t al.. 1988 46 RIN2 072 2k
. Dillahi ¢t al., 1988 46 BT 6l% 6%
| Dillaha et al. 1988 16 50 615 530 3%
’ Magette et al., 1987 44 T2 176 1%
. Dillaha er al., 1986b 46 63% 635 63%
' Neibling & Alberts, 1479 419 B30
' Neibling & Albens, 1979 6.1 AN
Doyle ¢ral., 1975 76 6% 9oy
: Schellinger & Clausen, 1992 76 4% 15% &
| Schellinger & Clausen, 1992 76 1% 6% 18%
: Dillaha et al_, 1988 9| S8 T 19
Dillaha et al., 198% 91 955 7% 80 &
Dillaha et al.. 1988 91 &R T1% 57% 176
Dillaha et al., 1986h 6.1 TRG TRG TR
Magetie et al., 1987 92 265 51% 53
Thompson ¢ al., 1978 12 415G SATE 267
Bingham ct al., {978 I3 28 356 8%
Manaering & Johnson, 1574 15 454
Doyle et al., 1977 15.2 9% 99t
Lake & Mortison, 1977 15.2 46%
Peterjohn & Correll, 1984 19 ANk [ fre 6l
Young ¢t al., 1980 213 B1%
Young et al., 1980 213 755
Schwer & Clausen, J98% % 95% 92%; 8597
Young e al.. 1980 274 3%
Young ct al., 1980 274 665 87% 88
Young et al., 980 274 24 84% 81%
Edwards et al., 1983 X 3% NG 29%
| Dayle et al., 1975 35 K% 956
. Patterson o1 al., 1977 ES] T1%
Thompson et al., 1978 k3 H9% 617 625
“Wong & McCuen. 1982 45 [
: Woodard, 988 5 96
; Edwards et al.. 1983 a 874 LR 8459
: Baker & Young, 1984 N 0%
Karr & Schiosser, 1978 9] 55%. S04
Karr & Schiosser. 1978 215 97.5% ok
Karr & Schlosser, 1978 304 R 97%
Lowrance et al.. 1984 854 423 LR
Jacobs & Gillam, 1985 9%
Rhodes et al., 1985 9%
Reuter er al., 1992 B5% e RS-O{Ki
Schipper et al., 1989 9RG
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Table 4. A summary of poliutant remeval effectiveness values according to width of the vegetated buffer.

Cuntinued

Runoff spurce Vegetalion Slope (ther
Dy manurne Girass (osiie 10 M T
Hate sl it i For coarse gramaed seduments
Hurc sl [HAH . For vlay-sired partncles
Bure <ol Ciens L] For chiy sized particles
an manure Lirass W Tha
Rare sanl ititan bk For cluy ~ieed particles
[y manure Forest/soruh 3540 Cinvely, silt-doam sonls
Duary mannre Ciriss
Dairy feedlot %
Dy manure Orchard grass ¥4 Concenirated flow
Dy minune Orchard prass i Av, 000 kg Aus tanure applivagon
Dy manure Orchagd grns 7 Av. OO0 kg/ha manure applicanon
Dun inunure Forestiserub Ty Ciravely, sill-loam soils
Fertilired cropland Orcharnd griass
lare sl G i For vlay ~ieed particles
Bare wnl Gitass Fi For clay - wized particles
Ihury yard runnfl Fesvue & rye mux Ny Poorly drnned, sutlace sample
Dary yand runofl Fewue & nye mix ¢ Paotly driuned. subsurfuce sample
{¥arry muanune Orchard grass S Concentrated flow
xany sumure Orchard gras 1E; Ay 10000 hpgMa manure applcaton
{Yairy manure Orchard grass 1654 Av. 10000 kg mianure application
Dairy manure Orchard grass
Pouliry munure Fesoue H-RE-
Blyegrass sud
[Xairy musnure Forest/sorub 35400 ST Grasely, silt-foam soils
HKluegrass wx!
Agrncullural runaof! Forested
Feedlor runoff Com ¥
Outs ¥4
Milk house waste Fescur & rye mix i
Com R 2S-year, 24-hous stomm simulation
Orchard grass 3% 28.year. 24-hour stonn simulation
Sorghum/prass ¥ 28-year, 23-hour storm simualanion
Feedlot runelt Fesoue X Settling basin, then through 60 m of grass
butter
Diiry nvanure Farest/scrub 350K Gravely. sili-loam snls
Liguid dairy wasle Fescut 145
Natural, mixed
Feedlot effluen Fescue P Maved through 2 consecunve 30m VES
Ferntizers Grass

Bermuda griass

Firesied

Forest/wetland

79 6 ha undisturbed watershed

Fertthzed fieid
runott

Man-made pravel

Sewape spray

Foresled pine
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oceurs at about sixly melers of buffer width, beyond
which improved remioval efficiency is slight with
increased buffer width. For TSS removal, an ap-
proximate increase in butfer width by a factor of 3.0

provides a L0 percent increase in removal efficiency.

The greater vegetated buffer widths required for
TSS removal, compared to sediment removal, may
be due to smaller-sized particles and a greater
amount of particulate matter, which in gencral
requires greater buffer width to be adequately
removed from surface water runofl. As with sedi-
ment removal, the few included forested buffer
values are high for the removal of TSS from runoff.

Removal of total and nitrate-nitrogen

The removal efficiency of vegetated buffers for
nitrogen varies considerably, particularly within the
range of narrow bufter widths. This is very evident
from both Table 4 and Figure 6. Removal efficiency
of nitrogen 1n anine-meter-wide vegetated buffer
1s expecied, from the modeled relationship, to be
about sixty percent. Removal efficiency increases
with increasing buffer width to about 80 percent
removal at sixty meters of buffer width, after which
point the rate of removal of nitrogen per unit in-
crcase in butfer width slows, An approximate
increase in vegetated buffer width by a factor of 2.6
is required to achieve a 10 percent increase in
nitrogen removal efficiency.

The nitrogen removal efficiency data used in
Table 4 and Figure 6 are mainly from studies
performed in grassed buffers, and therefore may not
adequately portray removal efficiencies of forested
buffers. However. the scatter in the forested buffer
data included in Figure 6 appears as wide and as
variable as that noted for grassed buffers.

Nitrate removal is variable, but gencrally low,
according to the data given in Table 4 and shown in
Figure 7, for all buffer widths. The modeled nitrate
removal-to-buffer width refationship shown in
Figure 7 suggests that approximately 50 percent of
the nitrate present will be removed in buffers of one
hundred meters in width. The modeled relationship
for nitrate removal suggests that increased removal
will enly occur given enormous increases in veg-
etated buffer width. It is unclear if the low removal
efficiency of nitrate in vegetated buffers provided
by this model is due to the data being generaily
from grassed buffers, which are often less than ideal
denitrification sites, or if the relationship between
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buffer width and nitrate removal is simply inappro-
priate. Considering that nitrale removal predomi-
nantly occurs through biclogical rather than physi-
cal or chemical means, site-specific variables, such
as denitritication potential, may need o be consid-
ered in order to better estimate nitrate removal in
vegetated butfers.

Removal of total phosphorus ,

The data given in Table 4 and modeled in Figure
8 suggest that the removal efficiency of phosphorus
in vegetated buffers is quite variable, and relatively
low at very narrow buffer widths. Buffer efficiency
increases rapidly to twelve meters of buffer width,
where approximately sixty percent phosphorus
removal is achieved. Buffer efficiency improves
with added buffer width, unti! approximately cighty
percent removal is achieved in an eighiy-five-meter-
wide vegetated buffer. Greater phosphorus removal,
as with other pollutants, is achieved only with large
additions of buffer width after this point, Overall, an
approximate increase in buffer width by a factor of
2.5 is required to achieve a 10 percent increase in
phosphorus removal.

Although phosphorus is reported to be typically
bound to sediments, it is generally bound to smaller-
sized sediment particles (Karr and Schlosser, 1977).
Since smaller-sized particles and particulates are
typically not as effectively filtered out by vegetated
buffers as course-grained sediments, this may result
in the differences noted between sediment and
phosphorus removal efficiencies, as seen when
comparing the removal patterns in Figure 4 and
Figure 8. The forested buffer data given in Figure 8
appear to be as variable and scattered as those for
grassed buffers,

Performance standards

From the values given in Table 4, and the
modeled relationships seen in Figure 4 through
Figure 8, an estimated removal standards matrix
was constructed (Tabie 5). Other than for nitrate, the
matrix suggests that. on average. 50 percent overall
pollutant removal can be expected to occur in
vegetated buffers five meters wide. Seventy percent
removal efficiency can generally be expected to oc-
cur in vegetated buffers of about thirty-five meters
in width, while eighty percent removal efficiency
might be cxpected in buffers of about eighty-five
meters in width. Vegetated buffer widths between



Figure 4,

Figure 4. Relationship of perceat
removal to buffer width for the
treatment of sediments contained in
surface water runoff. An approximate
increase in vegetated buffer width by a
factor of 3.5 is required 10 achieve a 10
percent improvement in removal of
sediment. The most efficient vegetated
buffers, based upon width-to-removal
ratios, will be about 25 meters in width,
after which lurge additions of buffer
width are required to achicve only small
increases in sediment removal efficiency.
The modeled line 15: % removal = [(7.613
* In{width in meters)) + 55.8]. Data arc
iaken from Tuble 4. [1 meter = 3,28 feet]

Figure 5. Relationship of percent
removal to buffer width for the treat-
ment of TSS contained in surface water
runoff. An approximate increase in
vegetated buffer width by a factor of 3.0 is
required te achieve a 10 percent improve-
ment in removal of TSS. The most efficient
vegetated bulfers, based upon width-to-
removal ratios, will be about 60 meters in
width, after which large additions of buffer
width are required 1o achieve only small
increases in TSS removal efficiency. The
modeled line is: % removal = [(8.34 *#
In{width in meters)} + 45.1]. Data are
taken from Table 4. [1 meter = 3.28 feet|
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250 and 550 meters will be needed to achieve 90 -
99 percent overall poltutant removal effectiveness.

The matnix given in Table 5 may be useful in
estimanng the potential overall removal of a veg-
etated buffer for a given buffer width, or for estimaui-
ing the removal of a given buffer width for a spe-
cific pollutant of concern. These values should be
held in light of the site-specific conditions in and
around the actual buffer area, and buffer width
adjusted according to best professional judgment for
best estimating a buffer width o achieve the desired
removal efficiency.

B Wildlife Habitat Protection
For the purposes of this review, the term “wild-
life” refers to both animal and plant species. The use
of the term wildlife, with regard to its animal
component, is generally meant to encompass all
except large mammals. This is particularly true at
narrow buffer widths, but large mammats may
become part of the vegetated buffer complex as the
width of the buffer increases, providing more
suitable conditions and space for large mammals,
The vegetated buffer concept has reached its
greatest application for wildlife habitat protection in
the development of “greenway,” “stream corridor,”
and “habitat corridor” management programs. These
practices generally set aside vegetated strips along
rivers and streams to promote good waler quality,
maintain wildlife habitat, and provide wildlife travel
corridors. Current paradigms suggest that increased
environmental diversity and complexity promote
increased biodiversity (see Wilson, 1988). There-
fore, the establishment of vegetated buffers can be
viewed as one step in maintaining local ecosysiems
and promoting regional biodiversity. The following
highlights some of the potential benefits to wildlife
of vegetated buffers, as noted by Groffman et al.
(1991b):
* Increased species diversity: mixed habitat
types promote greater diversity
« Increased foraging sites: mixed vegetation
provides greater food availability
» Wildlife dispersal corridor: wider buffers
provide a better travel corridor
* Escape from flooding
= Hibernation sites
* Breeding and nesting sites: wider buffers
reduce nest parasitism
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* Decreased disturbance from netghboring
Arcas

* Decreased predation: wider buffers further
reduce predation

It is difficult to be specific about the vilue (o
wildlife of vegetated buffers as habitat, since the
vegetative makeup of the buffer area will often
determine what species will use it, as well as how
they use it. The habitat valuve of vegetated butfers
for different animal and plant species will also be

- determined by width of the buffer, proximity to

other required habitat types, proximity and density
of predators and competitors, and proximity of each
organism 1o others of its species. Furthermore. noise
disturbance from developed or developing arcas
affects habitat quality and use. The greater the
disturbance, the greater the buffer required to reduce
the impact upon the use of adjacent environments
by wildlife. In some instances, buffers may need to
be established ground habitat areas in order for them
to be successfully utilized by wildlife. This will be
most critical in areas that are highly developed and
create a tot of disturbance — noise, tor instance.
The value of narrow buffers as habitat will thercfore
be directly related to the amount of disturbance they
receive from adjacent areas.

Table 6 provides a summary of buffer widths
reported in the literature considered to provide
habitat for various broad wildlife categories: this
summary is preserted graphically in Figure 9.
Several authors (for example, Tassone, 1981; Cross.
1985; Triquet ct al., 1990; Groffman et al., 1991b)
note that vegelaicd buffers that are contiguous to
arcas of natural vegetation are likely to support. or
be used by, a greater number of species. Even smail
vegetated buffers can be enhanced in value by being
close to undisturbed areas that more fuily satisfy
species-specific resource requirements.

From the reported values in Table 6, which
range from 15 to 200 meters, it is difficult 1o deter-
mine a “best size” buffer width for general wildlife
habitat. It has been noted that 15-meter buffer
widths provide habitat under certain conditions, and
it may be that widths much less than that will not
provide adequate space — bird nesting sites for
instance — for resident species. Buffers less than 15
meters wide, however, may provide adequate habitat
for the temporary activities, such as resting or
feeding, of both resident and transitory species.



Figure 6.

Figure 6. Relationship of percent removal
to buffer width for the treatment of nitro-
gen contained in surface water runoff.

An approximate increase in vegetated buffer
width by a factor of 2.6 is required to achieve
a 10 percent improvement in remaoval of

niteogen. The most efficient vegetated buffers,

bascd upon width-to-removal ratios, will be
about 60 meters in width, atier which large
additions of buffer width are required to
achieve only small increases in nitrogen
removal efficiency, The modeled line is: %
remaval = {(10.5 * In{width in meters)) +
37.4]. Data are taken from Table 4.

[1 meter = 3.28 feet}

Figure 7.

Figure 7. Relationship of percent
removal to buffer width for the treat-
ment of nitrate contained in surface
water runoff. Unlike the other modeled
potlutant removal-to-buffer width relation-
ships, that for nitrate is suggested to be
inappropriate. Nitrate is typicaily removed
by biological processes rather than
through physical and chemical means, and
the variables that control denitrification
may better determine the removal of
nitrate in vegetated buffers than does
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Figure 8.

Figure 8. Relationship of percent removal
to buffer width for the treatment of
phosphorus contained in surface water
runofl. An appreximite increase in vegetated
butfer width by u factor of 2.5 is required to
achieve a 10 percent improvement i removal
of phosphorus. The most etticient vegetated
buffers. based upon width-to-removal ratios,
will be be about 75 meters in width, after
which large additions of buftfer width are
required to achieve only small increases in
phosphorus removal etficiency, The modeled
line is: % removal = [110.3 * In{width in
meters)) + 34 1], Data are 1sken from Table 4.
11 meter = 3.28 feet]
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Table 5. Estimated removal standards matrix for specific pollutants as takea from the modeled relationships shown in
Figure 4 through Figure 8 for vegetated buffers. In general, greater than 50 percent removal standurds can be met with
vegetaled buffers ubout 5 meters wide, The 80 percent remaoval category generally marks the optimal width-to-removal ratio
boundary, above which the mcrease in remaoval efficiency for & given increase in bufter width is small. | 1 meter = 3.25 feet]
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Many studies have determined buffer widths {or
wildlife habitat by determining species-specific
needs — such as those for rare, threatened. or
endangered species — and then applying them 10
buffer width requirements. Few studies, however,
have determined overall needs for multiple-species
use of buffers, and lewer still have studied use
patterns of wildlife for existing or newly established
vegetated buffers that are part of a multiple-use
resource management program. It is therefore
difficult to determine how buffers of various widths
and vegetative makeup, once implemented, will be
used by wildlife.

However, tf current paradigms are correct, then
with regard to value of vegetaled buffers to wildlife.
bigger is better, and some is better than none. Large
buffers may be required in areas where species
preservation is a major focus of vegetated buffer
development, while smaller buffers may be ad-
equate in other areas, particularly where more
contiguous stretches of habitat are nearby. Larger
buffers will provide a greater diversity of resources
over the long term for wildlife in general, while
small paiches will provide “island™ habitats in the
larger mosaic, The greater the diversity of available
resources, the greater the potential for the long-term
survival of the targeted or intended wiidlife species,
as well as for incidental users.

Some caution, however, is noted in a summary
by Groffman et at. (1991b) of vegetated buffers as
wildlife habitat. The authors note that sharp con-
trasts between habitat types, such as engineered
buffers, may promote the growth of weed species.
The weed species could invade nearby natural areas,
replacing resident vegetation with opportunistic and
transient species, This was reported by Dillaha et al.
(1986a) 1o be a common problem in vegelated
buffers assessed in the state of Virginia. Weed
species have been known 10 invade ncarby habitats,
thereby reducing the habitat value of the buffer. This
is a most important consideration if the vegetated
buffer is established for the protection of rare.
threatened, or endangered species, and may also be
a consideration in the development of small buffers
that represent island patches.

This suggests that care should be taken in
designing and designating vegetated buffers next 1o
sensitive areas, or where rare or endangered species
live. In these cases, the vegetated buffers could be
developed to graduate into the sensitive habitat,

rather than providing a sham contrast between
habitat 1ypes. In some cases where no bufier exists,
a sharp contrast may be unavoidable, and transient
wildlife may be the major users of the vegetated
buffer area. Wider buffers will provide less contrast.
since they will produce a larger gradient between
habitats. and will become habitat themselves. Some
routine assessment and maintenance practices may
be required to maintain habitat value and keep in-
vuding species ftom overtuking implemented bufters.

@ Erosion and Flood Control

Vegetated buffers employed as crosion controls
are generally applied as best management practices
1o mitigate the off-site impacts of development and
construction activities. However, by their very
nature, vegetated buffers can assist in reducing
erosion even when not specifically designed for that
purposc. Since vegetated buffers slow the veltocity
of runoft flow, as well as dissipate flow and reduce
channelized flow, they will reduce the probability of
erosional problems downstream of buffer areas.

It was previously noted, however, that vegetated
buffers can become clogged with sediment removed
from surface water runoff, Vegetated buffers that are
cemployed specifically for erosion coniroi — for
instance, 1o control sediment movement from
construction sites — may need to be rehabilitated
after construction work if they are intended to
continue functioning as a multiple-use buffer.

Vegetated buffers also have value for flood
control, and have been employed for this purpose.
They control flooding by reducing flow velocity.
allowing absorption and storage of water in soils,
and by moving water from surface 1o subsurface
watercourses. Vegetated buffers also mitigate
property destruction by maintaining some vundevel-
oped land along waterways and keeping developed
or developing areas back from floodwaters. storm
surges, and extreme high tides.

The capacity of the buffer area to provide flood
control will depend on rainfall and runoff intensity.
soil characteristics, hydrologic regime, and slope of
both the buffer and the source of runoff water. Even
under 1deal conditions, the ability of a vegetated
buffer 10 control flooding will be related 10 the
water source area. A buffer that is smail relative to
the water source area will have only limited ability
to control flooding. When buffers are upplied with a
primary intent of flood control. water-holding
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Table 6. Recommended buffer widths for wildlife habitat. The reported widths are generally intended as mminmom values
to provide the desired habitit requirement to meet the given ohjective. | | nweter = 328 feet|

Authorix) Width im) Objective Specifics
Triquel et al., 9N 1521 Gieneral avian hubii Raparian woodes) area
Shisler cval . [9K7 153 Protect wetland habitat Trom Jow - Densely growimng mixed spesies bofter
intehxity disturbances
Tassong, 1981 (1] Wildlife trasel corndur
Shasler et al, 1987 A4S Protect welland habitat from high - Drensely growuye mised species dbalfer
intensity disturhances
Howard and Allen, 1984 o} Gieneral wildlite habilat
Tassone, 1981 o Breeding sites far fraginent-sensitive bind
Spevies
Grodtman et al.. 'R b o) - (Y Greneril wildhife habitat
Cross. [9R3 [ Small mammal habital Wonded riparian arci
rottman et al., 19%91h [T Protect significant wildlife habitat Nalural vegetation
Brown et al., 1590 178 Wetland habitat protection
Scheuler, 1987 200 Diverse songhird community
LS ACE, 1991 <4 Foe all but large mammals Riparian forest

Figure 9.

Figure 9. Ranges of huffer widihs
noted in the lilerature to provide
effective habitat for severul broad
categories of wildlife. The ranges
of categories represented by a circle
arise from one study, and therefore
may nol be very representalive of
that particular category, Two
reported values make up the range
shown by each of the hortzontal
bars. Datu are tuken from Table 6.
|1 meter = 3.2% feet)
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capacity of the buffer area will need 1o be deter-
mined, and proper width applied to the buffer in
order to store the water received during a given
storm event,

@ Historical and Cultural Preservation

While vegetated bufters are best known for their
use in preserving and protecting water quality and
wildlife habitat, application of coastal buffer zones
may also have value in preserving and protecting
historical and cultural sites. In Rhode Island, for
instance, many of the important archaeological sites
pertaining to Native Americans — such as summer
encampments and trading sites — are within 200
feet of the coast. The same may be true for other
coastal states. If so, establishing coastal vegetated
buffers can preserve potentially important sites for
future archaeological study.

B Scenic and Aesthetic Enhancement

Aesthetic and scenic qualities of vegetated
buffers often provide an “extra™ value or benefit to
the major purpose for which the vegetated buffer
was designed. As noted in Mann (1973}, Simeoni
(1979, and Forman and Godron (1986), landscapes
with high visual diversity are generally more ap-
pealing than nondiversified landscapes. Designed
planting of trees and shrubs within the buffer area
can enhance visual diversity and thus aesthetic
appeal. As the vegetated butfer attracts wildlife,
such as songbirds, visual and biological diversity
arc both enhanced. In areas previously cleared of
vegetation, reestablishing native species can assist
in rebuilding the sense of “witderness” often associ-
aled with coastal expanses. It is this sense of isola-
tion and wilderness that makes coastal regions
atiractive to those who visit.

The aesthetic value of vegetated buffers is, how-
ever, mostly based on subjective factors, and there-
fore not fully 1ransferable in implementation prac-
tices. Although no criteria for aesthetic values of
vegetated buffers exist, aesthetics will continue to be
included as an intrinsic value of vegetated buffers that
are implemented for natural resource management.

M General Guidelines for Multiple-use
Vegetated Buffers
Although the conditions determining the actual
effectiveness of a multipie-use vegetated buffer will
be of a local and/or site-specific nature, some

general puidetines can be developed for the use of
vegetated buffers. Table 7 provides a generalized
overview of the pollutant removal effectiveness —
taken from the modeled relationships and as pre-
sented in Table 5 — and wildlife habitat value,
taken from Table 6 — for a range of buffer widths
for multiple-use vegetated buffers. The effectiveness
of vegetated buffers for pollutant removal, as well
as for wildlife use, is presented as increasing steps
of buffer width.

Using the generalized set of buffer widths
presented in Table 7 for developing and implement-
ing a vegetated butfer policy requires that local
conditions and intended uses be taken into consider-
ation, The buffer widths listed in Table 7 are meant
to be useful in 4 general sense for planning pur-
poses. For example, the table values may be overly
large if removal of sediment is the intended effect,
and if the area of buffer implementation is very
conducive to sediment removal. Similarly. the table
values may be too small if the removal of metals is
the intended effect and the proposed buffer area
overlies impermeable scils on steep slopes.

From the values presented in Table 7, a mul-
tiple-use vegetated buffer of five meters could be
considered a reasonable minimum-buffer-width
standard. A five-meter-wide vegetated buffer will
provide approximately 50 percent sediment and
nutricnt removal (except for nitrate). While a
vegetated buffer of this width may not provide good
overall wildhife habitat, it may be suffictent to
provide resting and feeding areas for both resident
and migratory species. A five-meter-wide multiple-
use vegetated buffer can be practically imple-
mented, except in areas of very dense development,
and these exceptions could be reviewed as a vari-
ance 10 general buffer policy. A five-meter-wide
vegetated buffer could be established as a minimum
goal for the restoration of already developed areas.
Establishing a minimum buffer width will also
maintain or improve the scenic and aesthetic quality
of the area, and will act as nondestructive, natural
fencing between public waters and private uplands,

It shoold be kept in mind. however, that a five-
meter-wide vegetated buffer removing approxi-
mately 50 percent of pollutants and sediment
contained in surface waters may not meet minimum
performance standards in all instances. If an ap-
proximate performance criterion of 80 percent
removal is desirable. then a 75-meter-wide veg-
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etated bufler may be the acceptable minmimum. This
buffer width will also provide minimum general
habitat value. If protection of habitat for significant
species is to be the main purpose of the vegetated
buffer, then 200 meters may be the minimum accept-
able buffer width. This width will also provide
approximately 90 percent removal of sediment and
pollutants. As minimum buttfer width increases, how-
ever, conflict may arise in areas where smatl-sized
land parcels or extensive development already exists,

For general-purpose butfers that will provide
some value as wildlife habitat, a minimum width of
15 meters is suggested. A vegetated buffer of this
width should be implementable 1n most arcas that
are only moderately developed. Vegelated butfers of
15 meters should provide some water quality
protection for most waterways (e.g., approximately
60 percent pollutant removal); will offer minimal
wildlife habitat value and greater visual and aes-
thetic appeal; and can provide a natural physical
barricr between public and private propertics.

For arcas that are undeveloped, or are character-
ized by large lot sizes, buffers of 50 meters or more
could be applied to ensure that some areas are
providing general wildlife habitat. Buffers of this
width could be applied 1o alt publicly owned lands,
such as state parks, recreation arcas, and conserva-
tion areas, For arcas that are considered critical, or
provide habitat for rare, threatened, or endangered
species, the buffer width could be extended to 100
meters or morc 10 ensure sufficient habitat diversity
and isolation from disturbance, and to promote the
long-term survival of these species and their eco-
system. The minimum acceptable width will be
determined by the function or functions of the vege-
tated buffer. Resource managers may need to define
present and future uses for the regions under their
purview, and then develop minimum multiple-use
vegetated buffer widths for the goals and uses desired.

8 Implementation Approaches to Multiple-
use Vegetated Buffer

One approach to multiple-use buffer implemen-
tation is applying a fixed vegetated butfer width
along all waterways. For instance, a vegetated
buffer of 25 meters in width could be required
bordering all waterways. This approach. according
to Table 7, would provide approximately 70 percent
overall removal of sediment and pollutanis, and
provide minimal general wildlife habitat. Along
32

many arcas, however, a 25-meter vegetated buffer
may make some developable lots unusable due to
site constraints, and may not give sensitive re-
sources adequate protection. Shifting the fixed

wiidth 1o higher or lower values alleviates problems
on one end while creating them at the other. This
approach has many limitations, but has been used by
resource managers in vegelated buffer programs.

A variation of the fixed-width vegetated buffer
approach is that recommended by the U.S. Forest
Service in a recently published booklet describing
riparian butfers (see Welsch, 1991). In this case, a
vegetated buffer has 1 minimum width of 28 mcters,
and consists of three zones. The zone closest to the
water s of a fixed width (five meters) and allows
for no alteration of the buffer, The second, or
middle, zone has a minimum width (17 meters) but
can be expanded based upon local or site—specific
conditions or to achieve a given effect (e.g.. rare
speeies protection). Limited wse, such as selective
harvest of timber, may be allowed in this zone of the
buffer area. The third, or most inland zone, abuts a
developed or disturbed area and possesses a mini-
mum width (6 meters) that can also be expanded
based on local conditions. This intand zone might
consist of lawn in a residential setting or hay field in
an agricultural setting. This approach alleviates some
prablems by allowing greater buffer widths to be ap-
plied as needed. but still may be restricied in its
appiicability in arcas where small lot sizes are common.,

A further modification of the fixed-width
approach to vegetated buffer implementation is
setling a realistic minimum vegetated buffer width
based upon lot size or land use. A minimum width
could be established for small lots or high-density
residential areas so the buffer will provide some
benefit for pollutant removal and/or habitat while
not inordinately restricting use of property. The
minimum vegetated buffer width could ther be
expanded as lot size and/or land use changes to
provide greater benefits of pollution removal and
habitat provision, while not overly restricting use of
privaie or public lands. One example of this ap-
proach is that developed by the state of Rhode Is-
land, which is provided in full detail in Appendix A.

An alternative to a tixed-width vepetated buffer
is a vegetated buffer tailored to each site, using a
model to generate a buffer width based upon &
variety of data, but dependent upon site-specific
condstions. This approach is often data-intensive,



Table 7. A summary of pollutant removal effectiveness and wildlife habitat villue of yvegetated buffers according to huffer
width. The stiepwine increments are adapted trom Tabie $ and Table 6, amd refleet changes paliutant remuoval eflectneness
arch wildlife habatar value according oo wadth ol the segetated baffer. |1 meter = .28 feet]
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i8] Approsimatels &0 or ereater wediment md

podlutint rennoval

Mimmudly protecis aream habitatpoor haboa
vidue, vsefid Lo lempotary activilies ot waldlite
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diverse commumity

I Approvmiels FE sedimenn wnd poliutan
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hat does resuttin a given buffer width that will
betier approximate 4 specitic performance standard.
The madeled approach, however, will only be as
good as the site specific data from which the model
is run. High quakity data for use in a model will
olten be expensive {e.g., time put into coltecting it),
which may limit its overat] practicality for general
use in resource management programs. Further-
more, most modeled approaches only consider one
vegetated butter benefit — pollutant removal, for
instance — and neglect other potential benetits.
Many of the existing buiter defincation models were
developed 10 mitigate construction impacts, and
theretore may not be readily applicable in establish-
ing muluiple-use vegerated buffers in already devel-
oped or undeveloped arcas, A further Limitation 1o
the site-specific modeled approach is that regulatory
statf will be required to delineate vegetated butfers
on a case-by-case basis, which could become time
consumng. Furthermore, permit appiicants will not
be able to incorporate vegetaied huffer widths
during the initial design process. This will add cost
10 alt development requiring a permit, and the cost
will be borne by both the permit applicant and the
pernitling agency.

Excelient general wildhife vatue: suppans a diverse
COMMUmY | protechion ol signiticant species

Despite s imitations, the modeling approach is
often constdered the most accurate and dependable
method of delincating vegetated bufter widths, and
(s commonly used by regulalory agencies. A strictly
madeled approach, because it is based solely upon
“real” data, leaves less room for argument of re-
qutred butter widths (other than whether or not the
input datit o the actual mode? is appropriate) and is
therefore generally viewed as more “justifiable.”
Since a strictly modeled approach is very “hluck-
and-white,” it is generally inflexible, and may limit
{ull implementation of muftiple-use vegetated
butters by resource managers. Using a modeled
approach to determine buffer widths to achieve a
given poltutaat removal standard, and then review-
ing the modeled buffer width using best professional
Judgment to achieve other benefits (e.g.. provision
of wildhte habitat) may provide more flexibility and
a better mubtiple-use vegetmed buffer program,

Fawh approach 10 the application of vegelated
huffers as a management tool his both good and bad
points, and it will be up to the implementing author-
ity 1o determine what trade-offs are the most reason-
able and the most acceptable. Coxts and benefits
wil have 1o be weighed and examined in light of the

-
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uncertainty, restrictions. and flexibility inherent in
each of the different approaches.

The *“Ideal” Buffer

Although it 15 not possibie to develop & “one
best™ vegetated buffer tor all purposes, it is possible
to describe the components of an “idcal™ vegetated
bufter for multiple use. If the vepetated butler is
intended to reduce pollutant inputs to waters from
nonpoint sources, provide wildlife habitat, and
establish a visual and physical barrier, it is possible
to develop a general description of an ideal veg-
etated buffer. This description may prove useful in
creating vegelated buffers that will perform within
expectations and provide the results for which they
were established.

Contour

The ideal multiple-use vegetated buffer for the
removal of pollutants, regardless of width, would be
relatively flat in contour in order to promote shallow
sheet flow through the butfer. This would increase
residence time, allow greater absorption of water
into the soil layer, and reduce the probability of
channelized flow. The vegetated buffer would not
have any gullied or channelized areas within it.
Similarly, the landscape surrounding and teading
into the buffer would not promote channelized flow
into the buffer area, and would have adequate
vegelation or engincered design to reduce sedimen-
tation at the leading edge of the buffer zone, Engi-
neered designs might include the installation of
level spreaders, or mechanical grading of the soils to
produce a less steep slope. and/or alteration of the
“preferred” direction of surface flow to promote
shallow sheet flow into the buffer.

Vegetation

ldeally, the vegetation within the multiple-use
vegetated buffer would consist of a mix of species.
The leading edge of the buffer might consist of a
thickly growing grass maintained at a height of
about four inches. Beyond the grassy area would
grow a mix of trees, brush, and possibly native
grasses. The species of trees would have well-
developed root systems capable of exploiting
nitrogen stores traveling in groundwater, particu-
larly in areas that are serviced by septic systems.
Brush or woody-stemmed understory species would
also provide a well-developed root system and
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canopy. Wherever possible, wetlands — both
coastal and inland — would be incorporated into the
buffer area. These arcas most often provide the
conditions that are conducive to denitrification, as
well as ofien providing vatuable habitat. Further-
more. upland bufters would be designated around
wetland areas to provide habitat for the many
animals that use wetlands as feeding and foraging
arcas but rely upon the uplands for breeding sites
and refuge from predators.

Vegetation species growing in the buffer would
be native, or species that ure known to grow in
similar habitat and climate. Omamental species may
be appropriate, provided they will not exclude or
outcompele native species. Many state agencies or
nongovernmental organizations — land trusts,
universities, and botanical societies — have put
logether pamphlets that st and describe plant
species native to a region. These publications would
be consulted when planning a vegetated buffer to
best ensure an indigenous cover within the buffer
area. This 1s important for ensuring the longevity of
the vegetation in the butter, for providing adequate
cover and forage for resident species, and for
preventing problems associated with invasions of
nonnative species,

To provide greatest value 1o wildlife, the ideal
buffer would contain a mix of vegetation that fruits
on a progressional schedule in order to provide a
variety of feed types over the greatest length of
time. Vegetation in the buffer would be as randomly
distributed as possible — woody vegetation inter-
spersed with areas of grass — to provide increased
diversity within the buffer habitat landscape. Veg-
etation of various heights and canopy thickness
would provide the greatest diversity to avian wild-
life, and would promote use by the greatest diversity
of birds, as well as other fauna. Some bird species
~— herons and osprey, for example — require large
trees as nesting sites, and providing some large trees
in the vegetated huffer would promote the nesting
activities of these and other species,

For aesthetic appeal. a mix of vegetation would
provide visual diversity. Although some tall trees
within the buffer area would be kept 1o provide
canopy habital. short trees and brush would be
dispersed throughout the buffer to allow water
views from areas jandward of the ieading edge of
the buffer. Based upon vegetation type and pollutant
uptake raies, the buffer arca would be determined to



remove a given portion of those pollutants of
concern, and then aesthetically fit into the landscape
based upon development patterns and paths of
surface water flow,

The ideal multiple-use vegetated buffer would
be designated in existing natural areas. Designating
vegelated buffers composed of existing vegetation
assures the habitat value of the buffer to the support
of native species. Designation of preexisting veg-
etated areas as buffers is also more economical since
the costs of design and engineering are avoided.

Although the ideal vegetated buffer may not be
realized under most circumstances, the concept of
the ideal bufter is useful as a reference or goal
during design and implementation phases. 1t can
help ensure that the buffers that are eventually
implemented will contain the most desirable traits
possible, given natural limitations and site restric-
tions, and thereby be the most practical. The closer
to the ideal a given buffers becomes, the more
closely it will serve its intended purpose and pro-
vide the anticipated resuits.
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I11. Use of Vegetated Buffers in
the Coastal Zone

B Application and Approach

Vegetated buffers hold the promise of being an
effective multiple-use management tool for sustain-
ing the diverse uses of the coastal zone, The range
of multiple-use vegetated buffer widths, five to 200
meters (or more; see Table 7), provides resource
managers with a set of tools that can be applied
according to developmental conditions along the
coast. [t also allows flexibility with regard to pur-
pose and use of the multiple-use vegetated butfer
area. Adopting some form of vegetated buffer
program that applies minimum buffer widths ac-
cording to existing or potential development and
density, as well as applying wider buffer zones
around areas of critical concern, can result in the
development of a contiguous, or nearly contiguous,
band of vegetated land bordering the coast. Such a
program will assist in reducing the nonpoint source
contribution of pollutants flowing into coastal
waters, provide a diversity of wildlife habitats,
provide for the protection and enhancement of
scenic and aesthetic appeal of the coastal zone,
promole flood and erosion control, and provide a
visital and physical transition zone between public
and private coastal properties. Development of such
a program is realistic, equitable, and feasible.

A coastat zone buffer policy can be readily
established using a variety of available resources.
U.S. Geological Survey topographic maps, town
zoning maps, acrial photographic survey results, or
Geographical Informatton Systems (GIS) databases
can readily be used to interpret conditions along the
coast, and then 1o establish vegetated buffer widths
for a given region. Habitat for rare, threatened, or
endangered species; areas particularly prone o
erosion and/or flooding; areas bordering poorly
flushed estuaries or significant shellfish beds; and
areas of particular historic or scenic significance
may be identified as critical resource areas by
coastat managers, and larger buffer widths imple-
mented to provide for a greater degree of protection
and/or preservation.

Although the removal rates presented in Table 2
cannot be used directly to provide a required width
for implementing a vegetated buffer, they can be
used to estimate annual removal rates for a given

area of vegetated bufter. If estimates of poliutam
input to the vegetated butfer can be arrived at —
through nonpoint source loading models, for in-
stance — an estimate of removal etficiency can be
obtained tor a given buffer arca. Given the rapidity
of the growth and sophistication of nonpoint source
loading models and computerized geographic
information systems, it is not unrealistic to imagine
cudeulating pollutant loadings to the coastul zone,
locating sensitive habital areas or espectally scenic
or otherwise “special” areas, determining the
vegetated buffer area required to provide expected
benefits, and then designing the location, extent, and
configuration of the vegetated buffer,

Some coastal areas, such us historical seaports
and coastal villages. gain much of their charm and
ambiance by their location directly on the water. [n
such instances, a vegetated buffer may be inappro-
priate, and other ways to mitigate nonpoint source
pollution impacts and create wildlife habitat, it
possible, may need to be considered. Resource
managers will have to evaluate the various uses of
their coastal zone. decide on a vegetated buffer
approach, and then define where und how to imple-
ment the vegetated buffer program.

B Public Perception

It is important to acknowledge that humans arc a
species that wtilizes the coastal zone for a varicty of
purposes. This must be not only considered, but
incorporated into vegetated buffer policy. Design
and implementation of a coastal vegetated buffer
zone program that disregards human use of the
coastal zone is bound to meet both resentment and
resistance, which could potentially be great enough
to force the abandonment of the use of this impor-
tant management 1ool for preserving and protecting
coastal resources.

Establishing a program that utilizes vegetated
bufters for multiple use — pollution control. wild-
life habitat, scenic improvement — would help in
making the program more appealing to a wider aud-
tence. Furthermore, a multiple-use approach toa
coastal vegetated buffer program would make the
resuits of its implementation more “real”™ in the eves
of many. Increased scenic improvement. or greater
wildlife sightings. are both very tangible. very visi-
ble. and very real public “bhenefits™ of a multiple-use
buffer program. Certainly they are more tangible
than increased pollutant removal. which is often in-



visible to, and misunderstood by, the general public,

The ideal buifer progrum, however, would be
one that is acceptable 1o the landowner who is being
requested 1o “donate” the (ringe of coastal acreage
for the benefit of the public. Certainly the private
landowner will garner some benefit from the pro-
gram — increased wiidlife sightings and the pres-
ence of a natural barrier between his personal linds
and those of the public, for instance — but resent-
ment due to land use limitations is often telt by
pavate landowners. Given some leeway for manipu-
lation and use of the butfer arca, most landowners
will feel less threatened by the program’s infringing
upon their rights of ownership and use.

8@ Management and Maintenance

Regulatory agencies should develop a vegetated
buffer use, maintenance, and management booklet
that vutlines to abutting landowners what is permyis-
sible within the buffer, information sources for the
proper maintenance and management of the buffer
area, and a calendar and schedule of recommended
or required maintenance procedures. An assessment
of implemented buffers by Castelle et al, (1992)
reported that 95 percent of the assessed buffers
showed signs of alteration after their implementa-
tion, In all cases where the bufter was part of a
residential lot, the buffer was eventually replaced
with lawn by the homeowner. The authors suggest
that a lack of clear use and management objectives
for the buffer, as welt as a lack of buffer monitoring,
resulted in the high alteration rate. A strong public
education program implemented with the adoption
of the buffer policy into the regulatory framework
will go a tong way toward helping landowners
understand why the buffers were established and
how landowners can use and maintain these areas.
This ts supported by the findings of Castelle et al.
(1992), who note that buffers on the property of
landowners who understoad the purpose of the
buffers were less affected by homeowner manipula-
tion and impact than those buffers on property of
landowners who had little or no understanding of
buffer purpose.

The management of coastal zone multiple-use
vegetated buffers wili need to balance landowners’
rights to use of their property with maintenance of
the purpose for which the buffer was originally
implemented. Winding trails and footpaths would be
allowed within the vegetated buffer to provide
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aceess to the water’s edge, and the traits would be
checked and mantuned on a regular basis for
crusion or prometion of channelized flow through
the bufter arca. An oecasional picnic table, gazebo,
or simmabar use structure might be suitable within
some vegetated butters, provided it promotes
neither o loss of etfectiveness nor ovetuse of the
bulter as o travel zone to and from the structure.
Areas that have butfers established to protect critical
habitat or sigmificant wildlife may not be suitable
for any manipulation for reereational use. Such
manipulation will have 1o be assessed on a case-by-
case basts in order to ensare that the origingl intent
tor which the butfer was established is not jeopar-
dized. Appendix B provides an example of a mul-
tiple-use vegetated buffer management and mainte-
mance progrm. This example is taken from the
Rhode Island Coastal Resources Management
Program (CRMP). and was developed o comple-
ment the vegetated buffer policies for the state of
Rhexde Island CRMP (Appendix A),

All woody-stemmed species of vegetation
would be pruned and trimmed on a schedule to pro-
mote vigorous growth and utilization of nuirients,
Ax trees and brush mature. or as individual plants
succumb 10 natural causes, selective harvesting
would maintain a vigorously growing and diverse
plant communtity. Leaf litter and other organic debris,
providing that it does not present a hazard or linit
other intended uses of the buffer arca, would not be
removed from the bulfer ares. The breakdown of
leaf litter provides a natural source of carbon 10 the
soil layer, which is one requiremnent for the process
of denitrification. Considering that coastal waters
are generally nitrogen-sensitive, and nitrate is a
readily usable form of nitrogen in marine waters, the
promotion of denitrification in coastat zone veg-
ctated buffers should be considered a priority. Grass
clippings may ar mayv not be removed from the buf-
fer arca, and worn or thin spots may be overseeded.
Although neither fertitization nor watering of the
buffer area would be necded as a regular maintenance
activity, either or both might be appropriate in estab-
lishing new buffer areas or restoring existing ones.

R An Example: Rhode Island’s Coastal
Buffer Program
An example of multiple-use vegetated bufter
poticies that have been developed for use in the
coastal zone of Rhode Island is provided in Appen-



dix A. It applies various-sized. fixed-width veg-
etated bufters, based on the summary given in Table
7. for residential lands: a fixed-widih buffer on areas
of concern or signiticance; and a case-by-case
approach to other devetopment, such as industrial,
residential subdivisions, and commercial uses.

The Rhode Island example institutes vegetated
bufters along the entire coastline of the state. while
taking into consideration land parcel size and
existing coastal development patierns. The program
strives 1o strike a balance between land use by the
homeowner and protection of coastal resources, The
widths of the established buffers are determined
according 1o 1ot size and Coastal Resources Man-
agement Council (CRMC) water type. The CRMC
water type is a designation of the predominant use
of coastal walters (t.¢., 1-Conservation Areas; 1I-Low
Intensity Boating; IH-High Intensity Use: 1V-
Multipurpose Waters; V-Commercial and Recre-
ational Harbors; VI-Industrial Waterfronts and
Commercial Navigation Channels). Special mea-
sures (e.g., wider buffers) are applied along areas
that are considered critical or sensitive, such as
wetlands or habitat that is used by rare, threatened,
or endangered species,

The vegetated buffer policies and regulations
are limited to residential arcas (existing and infill)
and allow for hmited use of the buffer areas so that
homeowners are not unduly denied use of their
coastal property. These policies and regulations are
used as guidelines for other types of development
(commercial/industrial), but the final determination
of buffer width for development other than single
family residential is performed on a case-by-case
basis by CRMC staff engineers and biologists to
mitigate any potential impacts to the coastal zone.

The Rhode 1sland vegetated buffer program was
developed 1o provide for multiple uses and multiple
benefits. During development of the program, it was
quickly realized that implementing vegetated
buffers that would provide both high poliutant
removal and high quality habitat was not practical in
all coastal areas, Attempting to implement such
buffers would either lead to the proposed program’s
not being adopted, or to requests for variances on
nearly all permit applications.

Given this, a2 program was developed that
balances the landowners’ rights and the CRMC’s
mandate to “preserve, protect, and where possible,
restore ecological systems.” Narrow buffer widths

are applied on small 1ots so as not to cause the lots
1o become unusable, and with the realization that
polutant removal will be limited and habitat value
minor. As lot size increases, wider buffers are
implemented. increasing their value for pollutant
removal, wildlife habitat, and visual appeal.

In all cases. and for all lot sizes. wider buffers
are implemented where they border waters whose
primary use has been designated Type 1 — Conser-
vation, or Type Il — Low Intensity Boating. The
reasoning is that these types of waters require a
higher degree of protection and preservation in or-
der to maintain their designated primary uses. Wider
buffer widths are also applied when the area receiv-
ing the butfer abuts an area of critical concern, special
significance, or seenic or historical importance.

The actual regulatory program, as adopted by
the state of Rhode Island, is inctuded in Appendix A
exactly as it appears in the state’s regulatory coastal
program documentation. Appendix B includes
complementary vegetated buffer maintenance and
management document created as part of the veg-
etated buffer program implemented by the Rhode
Island CRMC.

B State Coastal Buffer Programs:
A Summary

This review of coastal states” programs, poli-
cies, and/or regulations that could be used to estab-
lish vegetated buffers along the coastal zone con-
cerns atself only with those that are a part of the
states’ Coastal Zone Management Programs. Poli-
cies and regulations applied by other state agencies
ar¢ mentioned when the state CZMP defaulis to
other programs to avoid replication, or when no
CZMP has been established for a given state.
Finally, despite the fact that the shores of the Great
Lakes are considered under the federal coastal zone
management program, this review restricts itself to a
description of those states bordering saltwater
coastlines.

Table 8 provides an overview and summary of
the diffcrences among states’ policies. regulations,
and requircments for the establishment of vegetaled
buffers along the coastal zone. A similar description
of state buffer policies has been put together in
Castelle et al. (1992), but pertains strictly 10 wet-
lands and buffers around wetlands. Readers with a
particular interest in wetlands may want to review
that document. The program descriptions given here
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are based on a review of published state programs
andfor discussions with state agency personncel. Any
EITOrs, OMmissions, or misinterpretations are those of
the authors.

Of the twenty-three state programs reviewed,
four had bufter programs applying to the cntire
coastal zone as an element of their state coastal zone
inanagement programs. Two other states had buffer
elements that pertained only to a certain portion of
their coastal zone. Nearly ail states had some form
of mitigation procedure that could be applied during
the permitting process to establish vegetated buffers
in the coastal zone, Construction or septic system
setbacks, which could be used to establish vegetated
buffers, were reported by most states, although
many reported those to be established by town
rather than state regulations.

The various setbacks and buffer policies being
used by state coastal zone management programs
that could establish vegetated buffers range from 20
feet to 300 feet of buffer width (excluding the
possibitity of no buffer). This represents a range of
buffer effectiveness (from Table 7) from fifty
percent pollutant removal and poor habital value to
eighty percent pollutant removal and good general
wildlife habitat value. No state program had policies
or regulations that provided greater than 80 percent
pollutant removal, and none provided buffer widths
that were in the category (from Table 7) considered
excellent as wildlife habitat, although either or both
could potentially be achieved during case-by-case
buffer development.

Alabama

The state of Alabama has a 40-foot construction
setback requirement, but it is only applicable to land
alony the shoreline areas immediately on the Gulf
Coast; it does not include back bays and coves.
The application of the 40-foot sctback is meant to
protect beach dune systems and is measured
from the dune crest. Vegetated buffers may be estab-
lished through local zoning regulations of coastal
districts but are not a requirement of the staie
coastal zone program.

Alaska

In the state of Alaska. separate requirements for
coastal vegetated buffer areas may be established
through local government mandates for each re-
gional borough. Regulations exist that require
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leaving vegetation along coastal areas being logged,
but the actual vegetated width preserved is deter-
mined on a case-by-case basis. On city- and state-
owned lands, a 100-foot no-cut zone is required.
while on private property there is a 66-foot no-cut
zone. This relates 1o timber harvest areas only, and
as noted above. is subject to modification on & case-
by-case basis, No statewide coastal zone program
bufter requirement currently exists.

California

The state of California buffer program focuses
on wetland habitat protection. The program requires
a mimimum 100-foot buffer around coastal wetlands.
with additional width required if adjacent lands are
biologically significant, if sensitive wildlife inhabit
the buffer, if the area is highly susceptible to ero-
sion, or if proposed development poscs significant
potential impact. The 100-foot buffer, however, is
used as guidance only, and may be negotiated on a
case-by-case basis, Buffer regulations may exist at
local levels of government, and may be more or less
stringent than the 100-foot buffer guideline sug-
gested by the state coastal program. Vegetated
buffers may be applied to riparian areas when
coastal program jurisdiction is extended into water-
sheds that drain into sensitive coastal areas.

Connecticut

The state of Connecticut coastal zone program
has policies that promote preservation of vegetated
coastal areas but has no statewide requirements.
Implementation of vegetated buffers or construction
setbacks along the coast may occur through zoning
regulations and requirements at local levels of gov-
emment. Construction setbacks that do exist in local
zoning ordinances may vary by town throughout the
coastal zone of the state. New vegetated buffer
polictes and regulations are being drafted by state
regulatory agencies. While these new policies are
generally focused on riparian systems, their applica-
tion may be extended into the state’s coastal zone.

Delaware

In the state of Delaware, establishment of
vegetated buffers in the coastal zone is not 4 re-
quirement of the coastal zone management program
but may occur at the local level, according 1o local
zoning regulations, State CZMP staff may require
the establishment of a vegetated buffer during the



Tahle 8. A listing of buffer and sethack widths that coastal states have established through their coastal zone manage-
ment programs. M denotes the width is mandited. while R denotes that the width is recommended only. | | foot = 0.305 meters]

State Buffer Width Slatus Setback Width Slatus {Comments
Alabama 40 Appties Lo Guif M Primarily for dune protection and
Coust only preservation
Aluska TOD cityfsiate Tamds, M Applies only to timber harvest
68 private property operations
Cutiturnia L) around wetlands R Mainly tor habitat preservation
Connecticut Through local ordinances
Delaware 50 from mean gh M Also through local ordinances
waler mark
Florida Through local ordinances
Geurgia No CZMP at present
Hawaii A from shoreward M Applies w all islands in the
vegetation line: 20 if Hawatan islands group
hardship shown
Louisiana Through Iocal ordinances
Maine 75 along entire coast; M Also hax a buffer management
250 along sensilive program
wetland areay
Maryland 100" along Chesapeake M Case-by-case on non-Chesapeske Bay

Bay shore shores
Mansachusetis [n process of development
Missisuppi Rarely; case-by-case
New 1007 along wetlands M The definition of wetlands includes
Hampshire the entire NH coast
New Jersey 0-3007 on a case-by-case R Only along sensitive areas; local
basis coning supersedes siate
New York 75 from wetlands {3 M Vegetation not reguired in the
in New York City} sethack
North 30" wround significam M Vegetation not required in buffer
Caralina walers
Ciregon Through local erdinances
Rhode Isfund | 0-2000 on a case-by-case R 50Y from the coastal M New buoffer program heing
basis feature reviewedd
Soutk Carolina Variable, according to R Only applicable in coastal
crosional rates dunes; vegelation nol reguired
Texas CAMP being developed
Virginia 1Y along Chesapeake M Not required along other siate
Bay shore coastal areas

Washington

permitting process on a case—by—case basis. Further-
more, a 30-foot construction scthack from the edge
of a walter body or wetland is required, and may act
as a vegetated buffer, The state coastal zone pro-
gram also requires the use of vegetation for shore-
line stabtlization as a first choice during the permit-
ting process. Rip-rap or other engineered shoreline
stabilization structures may be alfowed where
vegetation proves inefficient or impractical. A major
focus of the program is the creation of wetland areas
as the shoreline stabilization structure of choice.

Through local ordinances

Florida

In the state of Florida, vegetated buffers may be
established in the coastal zone as part of the permit-
ting process on a case-by-case basis, or as mitiga-
tion requirements due te proposed development
impacts. Furthermore, requirements for vegetaied
buffers may exist at local levels of government
through implementation of construction sethack
regulations for development along the coast. State-
mandated seibacks in the coastal zone relate only 10
requirements for the setback of septic systems from
coastal wetlands.
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Georgia

The state of Georgia has no statewide require-
ments for the establishment of vegetated buffers,
and at present is not a participant in the federal
coastal zone management program. A Marshland
Protection Act may create vegetated buffers in the
coastal zone adjacent to protected marshes {or as the
marsh itself), but the primary purpose of the Act is
to protect marshlands, not create vegetated buffers.
The Shoreline Protection Act gives state regulatory
agency staff some discretionary power to establish
vegetated coastal buffers through the permitting and
review process.

Hawaii

The state of Hawaii has policies and regulations
within the state coastal zone program to establish
vegetated buffers along the coast. For alt of the
Hawaiian island group, a 40-foot shoreline setback
is required, beginning ai the shoreward edge of the
coastal vegetation line and extending inland. The
buffer is generally intended to remain in an undis-
turbed state, but certain uses are allowed, and vari-
ances may be sought for limited development within
the buffer. In cases in which hardship can be proven,
the mandatory 40-foot setback buffer can be reduced
to 20 feet. Each of the islands in the Hawaiian island
group may develop its own regulations with regard
to the shoreline setback, but the width may not be
less than the 40 feet mandated by state regulations,

Louisiana

The state of Louisiana has no statewide policies
or regulations that establish vegetated buffers in the
coastal zone. Vegetated buffer areas may be estab-
lished on a case-by-case basis as part of the state
permiiting process. When established, buffers are
used to protect significant habitat or resources by
moving development activities away from the
resource to a region of minimal impact.

Maine

The state of Maine, as part of its Shoreline
Zoning Act, has implemented a coastal vegetated
buffer establishment program. The coastal zone
program mandales a 75-foot minimum vegelaied
area, measured from mean high water, along the
entire Maine coast. The buffer must be kept in a
vegetated state, with no more than 40 percent of
existing trees in the buffer being harvested every 10
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years. Pruning and other maintenance procedures
are allowed, but complele removal of grasses or
understory in the buffer is prohibited. A vegetated
buffer 250 feet wide is required along areas border-
ing sensitive wetlands. The larger buffer width is
implemented 10 provide added protection to wild-
life. especially waterfowl, while the minimum
buffer width of 75 feet is implemented for protec-
tion of water guality and visual appeal.

The buffer applies to new construction only. and
preexisting lots are exempt from the 75-foot bufter
requirement. Precxisting lots may not expand by
greater than 30 percent, may not expand toward the
water’s edge, and if outside the 75-foot buffer zone,
may not extend into the buffer area during expan-
sion. Local zoning ordinances may require a greater
buffer width than the minimum 75-foot buffer
mandated by the state program.

Maryland

It is the policy of the Maryland coastal zone
program 1o promote the establishment of vegetated
buffers along the coast, and buffers may be required
on a case-by-case basis, particularly around wetland
areas. As part of the Chesapeake Bay Program, all
land 1000 feet inland of the shoreline of the Chesa-
peake Bay and iis tributaries is subject to a 100-foot
butfer requirement. The buffer requirement may be
waived if “good conservation practices™ are em-
ployed at the shoreline site. Furthermore, the buffer
requirement is only applicable to new development
— existing development and previously platied lots
are “‘grandfathered™ to preexisting requirements.
Other state programs share the cost of buffer strip
implementation with farmers actively using land
bordering the Chesapeake Bay and its tributaries.

The major emphasis of this policy has been in
tidal tributaries of Chesapeake Bay. The emphasis in
non-Chesapeake Bay portions of the Maryland
coastal zone has been on stabilization of the coast
by promoting planting and preservation of vegetated
areas. Vegetation within the buffers along the coast
has focused on grass species, while woody—
stemmed species have received greater emphasis
along tidal tributaries.

Plummer (1993) provides a more comprehen-
sive review of Maryland buffer policics and regula-
tions, as well as a review of implementation within
the coastal zone program.



Massachusetts

The state of Massachusetts coastal zone pro-
gram does not currently have policies or regulations
that establish vegetated buffers along the coast.
Establishmem of vegetated bufier areas may occur
at local levels of government through zoning ordi-
nances and regulations, or may be established on a
case-by-case basis through the coastal zone program
permitting process. The state coastal zone program,
however, is in the process of developing a buffer
zone program, which is presently being drafted.

Mississippi

The state of Mississippi coastal zone program
has no statewide policies or regulations that estab-
lish vegetated buffers in the coastal zone. During the
permitting process, however, vegetated buffers that
consist solely of tidal wetlands may be established
to protect significant resources and habitats, The
establishment of vegetated buffer areas applies only
to tidal wetland environments, and does not apply to
upland areas adjacent {o the coast.

New Hampshire

The state of New Hampshire coastal zone
program, through state wetlands regulations, re-
quires the establishment of a 100-foot vegetated
buffer around coastal wetlands, beginning at the
mean high tide mark. Although the buffer area is a
requirement, activities can still be conducted
within the buffer, provided that proper permits have
been issued.

New Jersey

The state of New Jersey has a coastal zone
program element that may be used to establish
vegetated buffers along the coast. The program
element requires a buffer width of 0 to 300 feet,
determined on a case-by-case basis, and is depen-
dent on the potential impact to water resources from
the proposed development activity. The buffer
program applies to private property, and to all
activities conducted in the coastal zone by any state
agency. The buffer program, however, is only
applicable to those areas of the shoreline designated
as significant or sensitive areas. Furthermore, local
plans and zoning ordinances supersede the state
coastal buffer program, and do not have 10 be
consistent with state coastal zone policy. Plummer
(1993) provides a more detailed review of New

Jersey buffer policy and regulations, as well as
implementation examples.

New York

The general policy of the state of New York
coastal zone program is to protect significant coastal
resources and habitats, and therefore vegetated
buffer areas may be established during the permit-
ting process on a case-by-case basis, The state
coastal zone program encourages the protection and/
or planting of vegetation along the shoreline, but
does not require it as pari of the program mandate.

Through the regulatory program of the Depart-
ment of Conservation. a construction setback
regulation exists that may establish vegetated buffer
areas. The regulations require a setback from
wetland areas of 75 feet (30 feet in New York City).
The setback regulation does not require that the
buffer area be vegetated, but encourages the use of
vegetation. Local government may develop and
implement vegetated buffer policy and regulations
according to local zoning ordinances.

North Carolina

In the state of North Carolina, the portion of the
coastal zone that lies within 75 feet of the water’s
edge is subject to permit approval for development
purposes, Vegetated buffers may be established
through the permitting process on a case-by-case
basis. When buffer areas are established, they need
not be vegetated as a requirement, but vegetation is
encouraged. A 30-foot buffer is required around
waters that are classified as high quality and/or of
high significance, but the buffer need not be veg-
etated. The 30-foot buffer requirement is most
typically used to protect public water supply water-
shed areas. Local zoning ordinances may require the
establishment of vegetated buffers along the coast.
Phillips (1989d) reviews some local-level buffer
requirements in North Carolina.

Oregon

The state of Oregon has several statewide
policies that require local goveming bodies to be
consistent in their planning and zoning efforts.
Statewide policies 1o preserve and protect signifi-
cant coastat habitats, cultural and historic resources,
and scenic qualities may result in the esfablishment
of vegetated buffers along the coastal zone through
local adoption and implementation. Areas marked
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for preservation and/or restoration in estuaries may
also be viewed as vegetated buiters,

Rhode Island

The state of Rhede Island coastal zone program
has a policy for the establishment of vegerated
buffers, but it is implemented on a case-by-case
basis under the purview of program staff. When
applied, the buffer is measured trom the inland edge
of the coastal feature (as defined by the program),
with bufter width based on potential impacts of
development and the sensitivity and use of the
adjacent land and water. The state coastal zone
program also requires a minimum 50-foot construc-
tion setback, but local zoning ordinances or regional
Special Area Management Plans may require the
establishment of a buffer area. or require a greater
setback distance.

The state of Rhode Island has developed a more
complete vegetated buffer program, a final version
of which is included in Appendix A. Adoption of the
program occurred during early 1994, Appendix B
contains a copy of the vegetated buffer management
and maintenance document that accompanies the
state’s buffer program.

South Carolina

In the state of South Carolina, vegetated buffers
may be established on a case-by-case basis along or
within critical or sensitive areas, such as salt
marshes. Typically, the program regulates activity
within the critical or sensitive areas, rather than
establishing buffers around them. The coastal zone
program also has jurisdiction within a setback area
inland of coastal dune systems. The sctback width is
determined by erosional rates, and although veg-
etated buffers could be established within the
coastal setback, the focus of the program is to
regulate activity in the setback area rather than to
eslablish it as a buffer area. The overall intent of the
setback is to protect property by removing structures
from erosional zones along the coast.

Texas

The state of Texas is in the process of develop-
ing its coastal zone program, and therefore at
present has no policies or regulations that establish
vegetated buffers along the coast. The program that
is in development recognizes the value of coastal
buffer zones, and several policies within the draft
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program deal with the concept of vegetated (and
nonvegetated) buffers.

Virginia

The state of Virginia has a buffer program
applicable 10 the shoreline of the Chesapeake Bay
under the Chesapeake Bay Preservation Act. but the
program does not apply to other coastal areas in the
state. The coastal zone program recommends the use
of vegetation and vegetated buffer areas for shore-
line stabilization and other uses, but it is accom-
plished on & voluntary basis by property owners,

Along the shores of the Chesapeake Bay, the
Chesapeake Bay Preservation Act requires a 100-
foot vegetated buffer along all shoreline that drains
to or is adjacent 1o the Chesapeake Bay. The pro-
gram does provide for limited use within the veg-
etated buffer, and variances may be sought to utilize
lands within the buffer area. No variances will be
provided that result in less than a 50-foot vegetated
bufter remaining along the shoreline (except for
agricultural uses).

Water-dependent uses — such as marinas and
docks — are generally allowable within the 100-
foot buffer area. Agricultural land uses that abut the
shoreline may seek a smaller vegetated buffer width
of 50 feet, and a 20-foot buffer may be allowed for
agnicultural purposes, provided that a management
plan has been developed and is actively being
implemented. Plummer (1993) provides a more
complete review of the Virginia Chesapeake Bay
Preservation Area Program, as well as implementa-
tion examples.

Washington

The state of Washington coastal zone program
recommends the use of vegetated areas for shoreline
stabilization and other purposes, but does not
require their use. Each of the coastal counties in the
state 1s required to develop its own master plans and
zoping ordinances, which may, but are not required
1o, include regulations for the establishment of
vegetated buffers at a local level.






IV. Selected Bibliography

This bibliography represents a search of the
literature for works that relate to vegetated buffers.
The selected bibliography presents a wide range of
subjects, ranging from pollutant removal research to
the aesthetic and scenic value of vegetated bufters.
The selected works are definitely biased towards
research on pollutant removal efficiency of veg-
etated buffers. The reason for this is twofold: (1) the
bulk of the published literature is the results of
research with this as their focus, and (2) in light of
the recent emphasis on control of nonpoint source
pollutants, this portion of the literature is extremely
valuable in pursuing the use of vegetated bulfers as
a nonpoint source control mechamsm. However,
the sclected references presented here represent a
reasonable introduction to the diversity of uses of
vegetated buffers as a multiple-use resource man-
agement tool.

Several bibliographies, some annotated, are
given in the following list of literature references.
One of special note, however, is that compiled by
Dr. David Correll at the Smithsonian Environmental
Research Center (Correll, 1993). This bibliography
is specitic to the literature regarding forested buff-
ers, and is indexed according to the parameters
researched in cach citation given. The bibliography
also contains references culled from international
sources, and provides a robust compendium of
research in forested buffers.
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Appendix A —
The Rhode Island Coastal Zone
Buffer Program

Adopted April 1994, RI CRMP
Section 140 Setbacks
Amend Section 140, C to read as follows:

~(. Setbacks shall extend s minimum distance of either
fifty (50 feet from the inland boundary ot the coastal feature
or twenty-five (25) fect inland of the edge ot a Coastal Buffer
Zone, whichever is further landward. In arcas designated by
the Council as Critical Erosion Areas<{Table 2} the minimum
distance of the setback shall be nat tess than 30 times the
calculated average annual erosion rate for less than four
dwelling units and not less than 60 times the calculated
average annual erosion rate for projects proposing more than 4
dwellings units.

“SECTION 150 COASTAL BUFFER ZONES

A. Definifion

1. A Coastal Buffer Zone is a land ares adjacent 10 a
Shoreline (Coastal) Feature that is, or will be. vegetated with
native shoreline species and which acts as a natural transition
zone between the coast and adjacent upland development. A
Coasial Butfer Zone differs from a construction setback
(Section 140} in that the seiback establishes a minimum
distance between a shoreling Teature and construction activi-
ties. while a buffer zone establishes a natural area adjacent to a
shoreling feature that must be retained in, or restored 10, 4
natural vegelative condition (Figure 2. The Coasal Buifer
Zone is generatly contained within the established construe-
ticn setback.

Figure 2 An example of the application of a Coastal

Buffer Zone,
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B. Findings

1. The estabiishment of Coastal Buffer Zones is bascd
upon the CRMC’s legislative mandate to preserve, protect and.
where possible. restore ecological sysiems.

2. Vegenated batter zones have been apphied as best
management practices within the ficlds of forestry and
agriculture since the 19305 w privect in-siream habiats from
degradation by the input of sediment and natrients (Deshonnet
etal 1993). More recently, vegetaled butfer zones have gained
popularity as a best munagement practice Tor the control and
abatement of nonpoint source pollutanis (Ccontaminated runalfy
anud are roulinely applied in both engineered and aaturad
settings (Deshonnet et al 1993 EPA {9931

A, Coastul Buffer Zones provide multiple uses iund
multiple benefits w those areas where they are applicd
{Desbonnet et al 1993). The multiple uses and benefits of
Coastal Buffer Zones include:

tah Prorection of Water Qualizv: Butfer cones along the
perimeter of coastal water bodies can be effective in trapping
sedimenls, pollutants tincluding oil, detergents, pesticides.
herbicides, insectuicides, wood preservatives and other
domestic chemicals). and sbsorbing nutrients (particularly
nitropen} from surface water runott and groundwater flow.
The effectiveness of vegetated bulfers as a best management
practice for the control of nonpoint source runoft i dependent
upon their ability to reduce the vetacity of runotl flow w allow
for the deposition of sediments, and the fittration and hiologi-
cal removal of notrients within the vegewted arca. T general.
the effectivencss of any vegetated butter is related 1o i1y width,
slope. soil 1ype, and resident species of vepetation. Effective
butfers for nonpoint source pollution control, which remove at
least 80% . and up to 99%, of sediments and nutrients entering
them, range from 15 feet to 600 leet in width,

The removal of pollutanis can be of particular importance
in areas abuiting poorly flushed estuaries that are threatened
by an excess of nutrients or are contaminated by Tunoil water.,
such as the South Shore Salt Ponds and the Narrow River.
Large. well flushed water bodies. such as Narraganscit Buy.
are also susceptible 1o nonpoint source pollutant inputs, and
can be severely impacted by nenpoint source pollutants as has
been documented in studies completed for the Narraganselt
Bay Project.

(by Proweciion of Coasted Habirar: Coastal Buffer Zones
provide habitat for native plants and animals. Vegetation
within a buffer zone provides cover trom predation and
climate, and habitai for nesting and feeding by resident and
migratory species. Some species which use coastul buffer
zones are now relatively uncommon, while ethers are consed-
ered rare, threatened or endangered. These plants and ammals
are essential to the preservalion of Rhode Tskand's valuable
coastal ecosysiem.

The cftectiveness of vegetated huffers as wildlite habitat
is dependent upon buffer width and vegetation type. In
general. the wider the buffer the greater its value as wildlite
habitat. Larger buffer widths are typically needed tor species
that are more sensitive to disturhances te.g.. noise1. Further
more, those buffers thal possess vegetation nanive o the drea
provide more vatuable habitat for sustaining resident species.
A diversity of plant species and v pes (e.g.. grasses. shruhs
and trees ) promotes biodiversity within the butter arci. and the
rcgion overatl.



(€) Protection of Scenic and Aesthetic Quality. One of
the primary goals of the Council is (o preserve, protect, and
where possible restore 1he scenic value of the coastul region in
order to retain the viswal diversity and unigue visual character
of the Rhode Esland coust as seen by hundreds of thousands of
residents and toufists cach vear from boats, bridges, and such
vantage points as roadways, public parks, and public beaches
{Section 330). Coustal Butfer Zones enhance and protect
Rhode Isiand’s scenic and visual aesthetic resources along the
coast. Coastal buffers also preserve the natural character of
the shoreline, while mitigating the visual impacts of coastal
development. Visual diversity provides for hath contrast and
relief between the coastal und infand regions, leading to
greater acsthetic value of the landscape.

(d} Erasion Controf: Coasial Buffer Zones provide a
natural transition zone between the open coast, shoreline
features and upland development. Natural vegetation within a
Coastal Bulfer Zone helps to stabilize the soil, reduces the
velacity of surface water runoff, reduces erosion of the soil by
spreading runoff water over a4 wide arca, and promotes
absorption and infiltration threugh the detrital (leaf} layer and
underlying soils. The extensive root zones often associaled
with buffer zone vegetation also help prevent excessive
shoreline erosion during coastal storm events by stabilizing
underlying soils,

(e} Flood Control: Coastal Buffer Zones aid in flood
control by reducing the velocily of runoff and by encouraging
infiltration of precipitation and runoff inte the ground rather
than atlowing runoff to ttow overland and flood low lying
areas. In addition, Cloastal Buffer Zones often occupy the
flood plain itself and thus add to ¢oastal flood protection.

(1) Protection of Historic and Archaeological Resources:
Coastal Buffer Zones protect areas of cultural and historic
importance such as archacological sites by helping prevent
intrusion while protecting the sites’ natural surroundings.

C. Policies

i. The establishment of a Coastal Buffer Zone is based
upon the CRMC's legislative mandate Lo preserve, protect and.,
where possible, restore ecological systems. The determination
of the inland boundary of the Coastal Buffer Zone must
balance this mandate with the property owner's rights to
develop and use the propeny,

2. The Council shall require Coastal Buffer Zones in
accordance with the requirements of this section for the
following: a} new residential development; b) commercial and
industrial development; ¢) activities subject to Section 300.8
and Section 300.13: and d) inland activities identified in
Section 320. For existing residential structures, the Council
shall require a Coastal Buffer Zone for category “A™” and “B”
activities when the RIDEM requires the modification or
expansion of an existing septic system or when the footprint of
the structure is expanded.

3. The vegetation within a buffer zone must be either
retamed in a natural, undisturbed condition, or properly
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manaped i accordance with the standards contained in this
section. In cases where native flora (vegetation) does not exist
within & buffer zone, the Councit may requtre restorabon
cftforts which inciude, but are not limited 10, replanting the
Coastal Buifer Zone with native plant species.

4. Coastal Bufter Zones shall remain covered with native
flora and in an undisturbed staie in order o promole the
Council’s goal of preserving, protecting, and restoring
ecological systems. However, the Council may permit minor
alterations to Coastal Buffer Zones that facilnate the continued
enjoyment of Rhode Island's coasial resources. All alterations
to Coastal Buffer Zoncs or alterations to the natural vegetation
(t.e.. areas not presently maintained in a landscaped condition}
within the Council’s jurisdiction shall be conducted in
accordance with the standards contained in this section as well
a5 all other applicabie policies and sindards of the Council.
In arder 1o eosure compliance with these requirements, Lthe
Council may require applicants 10 submit a Buffer Zone
Management Plun.

Table 2a.
Coastal Buffer Zone designations for residential
devgl_ng'lgnt.

[

| Water Use
- Catagory
Residential Lot Type Type
Size 3,4, 58 &2
. (ag. i) ]
‘ RAequired Butier
{1}
<10.000 15 . 25
10,000 - 20.000 25 . 50
i20.081 - 40,080 50 G 75
| 40001 — $0.000 75 o 100
v 6000 -~ 80,000 100 T, 125
| 80001 - 200,000 128 L. . 150
1 =200,000 150 200

5. In order to enhance conservation, protect water quality.
and maintain the low intensity use characteristic of Type | and
2 waters, greater buffer widths shall be applied along the
coastline abutting these water types.

6. In critical areas and when the properly owner owns
adjomning lots, these tots shall be considered as one lot for the
purposes of applying the values contained in Table 2a and
ensuring that the appropriale buffer zone is established.

D, Standards

1. All Coastal Buifer Zones shall be measured from the
inland edge of the most inland Shoreline (Coastal) Feature.

2. Coastal Buffer Zone Requirements for New Residential
Development: The minimum Coastal Buffer Zone require-
ments for new residential development bordering Rhode
Island’s shoreline are contained in Table 2a. The Coastal
Buffer Zone requirements are based upon the size of the It
and the CRMC's designated Water Types (Type 1 - Type 6).
Where the buffer zone requirements noted above cannot be



met. the applicant may request 4 variance i aecontance with
Sectwon 1HL A vananoe to $0% of the reguired butler widih
may be granted adnunisiratively by the Exevutive Director if
the applicant his silintied the burdens of proad tar the granting
of a vararee, Where i1 deterned that the appheant has
not sabindied the burdens of proot, ur the reguested yarmanee s
inexcess o SU% af the reguited width, the apphicaton shali
be revicwed by the Tull Coungit,

A Coustal Buffer Zone Requrrements for Euasting
Resuddenstal Sivuctires that Fipand the Footpring of the
Strae srre and for Stewctures Requared By the REDEM 0 Modity
or Expand an Evsting Nepine Svstenm Whenoan exsting
residential structure dowes not meel the Counctl™s Coastad
Bulfer Zone requirements contiuned i Table 2a (e, the
exisbing structure dacs not have a butter zone or has a hutter
sane with o width less than the value contained in Table 2a),
the foltowmg Coastal Bufter Zone requirements shall apply ta
cach modification of the residential structure annl the
property s Coastal Butfer Zone equals, but does not exceed,
the value contained m Tapie 2a:

(a) Where alterations to a residential steucture result in
the expansion of the structure’s footprint Gsquare footage of
the ground floor area encompassed by the structural founda-
non of an caisting building), the Coastal Buffer Zone require-
ment shall be established with a wadth equal 10 the percentage
incredse in a sraciure’s footpring as of Apn! 15, 19494 mult-
plied by the value comtained m Table 2o ¢[square Toot mcrease
of footprint/sguare footage as of April 15, 199%4] X value
contwined m Table 2a = Coastal Zone Butfer Requerement);

(b) Where alierations o a residential structure result in zn
increase in flow to the Individual Sewage Disposal System
{1SDS) and the RIDEM has required the modification or
expansion of the existing 13D8, the Coastat Buffer Zone
requirement shall be eatablished with a widith equal to 25% of
the vifue contained in Tabie 2a (0.25 X value contained in
Table Xa = Coastal Bufter Zone requirement).

These requirements unly apply to calegiry “A” and “B”
mxsents, |n addition, the Executive director shall have the
authority to grant & variance (o these requirements for category
“A" assents in sccordunce with whe burdens of proof contained
in Secuon 120

4, Coastad Buffer Zone Requirements for afl Commercial
and Iduserial development and acnvities subject to the
regierements of Section 308 Section 2000 E 3, or Section 320:
Coastai Buffer Zones shall be determined on i case-by-case
basis by the Council. Table Xa may be used as appropriate
guidance. However, depending on the aciivity proposed and
ity potential impacts on coastal resodrces, the Counail may
require 4 Coastal Buffer Zone with a width greater than that
found in the Table 2.

5. All propenty abutting critical habitar arcas, as defined
by the Rhode 1sfand National Heritage Program or the
Council, shall possess @ minimum vegetated buffer zone of
200 feer between the idenfied habitat and any development
area. The Executive director shall have the authority 1o grant a

virsanee to these requitenwents i aveordance with the burdens
ol prood continaed m Section 120,

f. Al property abutting Coustal Natural Areas (Sechon
2104 shatl bave a mminum vegetated Coastal Buffer Zone
uf 25 feet from e mland edge of the coustal feature. The
Esecttive direstos shatl have the atthority to grant a vanaace
tor these reguirements i accordance with the buedens of proot
vontangd mt Section 120,

7. All praperty located within the boundaries uf & Special
Arca Mansgement (SAM) Plan approved by the Counct] shall
mueel additional buffer sone requarcmients contaned within
these SAM plans. When u SAM plan’s butTer sone require -
ments apply, the bufter width values comained wn this section
will be comparvil to thease regquired by the SAM plan, and the
targer of the butfer wxdths applicd.

R The sethack (Section 130 for all new residential,
cammerci), and indusirial siructures shall exceed the Coastal
Bufter Zone requirement by a munimuom of 25 teet for fire,
safety. and matnienance purposes. Where the 25 fool separa-
tion distance between the inland edge of the butter and
construction sethack cannat be oblisined, the apphcant may
reqiicsl g varianee in accordinee with Section 1200 The
Exventive Director shald have the authoray (o grant vanances
10 this requiremeny. However, a vegetated Coastal Bufier
Zone shall not directly contact any dwelling s footprint,

E. Buffer Management and Maintenance Requirements

1. Al alterations within established Coastal Buffer Zones
oF allerations [0 natural vegetation (e, areas not preseatly
maintained 1n & Jandscaped condition} within the Council's
Jjurisdiction may be required 1 submit a Buffer Zone Manage-
ment Plan for the Council's approval that is consestent with the
requirements of this section and 1he Council’s most recent
edition of Buffer Zone Management Guidanee. Bofter Zone
Manmagement Plans shall include a description of all proposed
alterations and methods of avoiding probiem areas such as the
proper placement and maintenance of pathways. Applicants
should consolt the Council's most recent edition of Buffer
Zone Management Guddanee when preparing a bu{fer manage-
meny plan.

2. In order to promote the Council’s goal to preserve.
protect and, where possible, restore ecological systems,
Coastal Buffer Zones shall be vegetated with native flora and
retained in & natural. undisturbed condition. or shall be
propesly managed in accordance with Councii™s most recent
edition of Buffer Zone Management Guidance. Such manage-
ment activities compatibie with 1his goal include, but are not
limired to:

(8) Shoreline Aveess Purhs: Pathways which provide
acvess 1o the shareline are aormally considered permissibic
provided they are fess than or equal 10 6 {eet wide and foliow a
path that nunimizes eroson and gullying within the butfer
zone {c.g.. a winding. hut direct pathy. Pathways shoutd
avoid, or may be prohibited . seasitive habitat areas,



including, but not limited to, coastal wetlands, Pathways may
be vepetated with grasses and mowed or may be surfaced with
crushed stone or mulch,

(b} View Corrrdens: Selective tree remuoval and pruning
and thinning of natural vegeution may be allowed within a
defined corridor in order to promote a view ol the shoreline,
Only the minimal alteration of vegetation necessary (o obtuin a
view shall be acceptable to the Council. Shoreline aceess
puths shall be tocated within view corridors to the maximum
extent practicable in order 1o minimize disturbance of Coastal
Bufer Zones. View corridors shall be prohibited in sensitive
or critical habitat arcas,

() Huabitet Munagement: Management of natural
vegetation within a buffer zone 10 enhunce wildlife habitat and
control nuisance and non-native species of vepetation may be
allowed, Homeowner contral of pest species of vegetation
such as European bittersweet and nuisance species such as
poison ivy s normally considered acceptable, However, the
indiscriminaie use of herbicides or the clear-cutting of
vegetation shall be prohibited. The use of lertilizers is
generally prohibited within the Coastal Buffer Zone except
when used (o enhance the replanting ot native vegetation ic.g..
hydro-seeding} approved by the Council. However, the
clearing or outright elimination of natural vegetation for such
purpases as controlling licks or pollen shall not be permined,
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Wi Sefery and Welfare: Selective tree removal. pruning
and thinning of nawral vegetation within a Coastal Bufler
Zone may be allowed by the Council on i case-by-case basis
tor proves safery and welfure concerns {e.g.. removal of o
dumaged tree in close proximity o a dwelling). In order to
promote child safely and munage pets in arcas harboring ticks,
fences along the inlund edye of a Coastal Buffer Zone and
along shoreline access pathways may be permitied.

(v Sheweline Recreation: The CRMC recognizes that
shoreline recreation is ong of the predominant allzactions for
living on, or visiting the Rhode Island Coast. n order o aliow
for such uses, minor allerations of buffer zones may be
permitted along the shoreling it they are determined
consisient with Council’s requirements. These alierations may
include maintaining a small clearing along the shore for picnic
tables. benches, and recreational crafl (dinghies, canoes, day
sailboats, ete.). Additionally, the CRMC may allow small,
non-habitable structures including storage sheds. boat houses
and gazebos within Coastal Buffer Zones, where appropriate.
However, these structures may be prohibited in sensittve or
critical habital areas. Due to the potential for these siructures
to tmpact values provided by Coastal Buffer Zones, the
Council shall exercise significant discretion in this area.”



Appendix B —
Rhode Island Coastal Buffer
Zone Management Guidance

Revised January 7, 1994

CRMC Coastal Buffer Zone Management Guidance

A. Guidelines for preparing an application for Coastal
Buffer Zone Management:

1. All proposals for buffer zone management must be
designed with respect to the one or more of the “"Manuagement
Opitions” identified in Section "B™ of these guidelines and
must utilize appropriate technigues for managing vegetation as
delined in Seetion “C™,

2, Pholographs and site plans must be submitted for all
applications in order to minimize the need for on-sitc inspec-
tions. Acwual field inspections will only be performed when
deemed necessary by CRMC staft. All applications should be
compleie, clear and concise. Applications which are unclear or
imprecise will be returned.

3. Applications which propose acceptable alterations
within Coasal Buffer Zones (as determined by CRMC stafh
will be processed as a “Catepory "A™ and will reccive
administrative approval. 1o cases where CRMC staff deter-
mines the upplication 1¢ be unacceptable, an effort will he
made (o negotiate a resolution with the applicant. {1 a
favorable resolution cannot be reached, CRMC staft will make
a recomimendation 1o the Executive Director that the applica-
lion be processed as a Category "B review requiring final
decision by the full Coastal Council

4. All proposals for Coastal Bulfer Zone management
should involve minor altetations which do not depreciate the
values and functions of Coastal Buffer Zones as defined by
Section 15) of the RICRMP. At a minimum, at least sixty
(60% ) of a buffer zone shalt remain completely unaltered.
Typically, Coastal Buffer Zone Management Plans which
affect 25% or less of a buffer zone are more likely to be
approved. Areas 10 remain unaliered should be clearly
idemified on the proposed plans. An exception 1o this
requirement is allowed for “Suburban Ceastal Buffer
Zomes™ - see Section B.6 of this Guidance material.

5. Where uppropriate, Coastal Buffer Zone management
may be applied 10 Coasial Banks, However, the CRMC may
impose greater restrictions on alterations affecting coastal
banks.

6. Tree damage and removal - in cases where a small
number of dead. diseased, or storm damaged trees need to be
removed from a buffer zone, the applicant may request an
expedited review. In such cases. a deseription of wark and a
photograph of the area may be sufficiem for CRMC review.

B. Management options within ceastal buffer cones:

L. Shoreline Access Paths - Pathwass which provade
access o the shoreline are aormatly considersd appropridie.
Pathways may be & wide or less and Tollow a winding, bul
direet path thiat dogs no promute crosion within the hutter
sone. Shoreline access paths must be designed o nnimize
disturbance and may he prohibiled in sensitive habitat areus.
including but not limited to. coastal wetlands, Pathway s mas
be vegetated with grasses and mowed or may be surfaced with
crushed stome or mulch. Ferilizers may only be allowed lor
the initial establishment of grassed pathways, Proper site
plans must be submitied which show the location of the
proposed path through the buffer zone. Applicants may also
be required 1o delineate the path on site Tor CRMC statf
inspection.

2. View Corridors - Sclective 1ree removal and pruming
and thinning of natural vegetation may be allowed withina
defined cormdor in order to promaole a view of the shereline,
Only the minimal alteration of vegetation necessary to obtaun o
view shall be considered acceptable (clear cutting v noi
allowed). Shoreline access paths {if proposed) should be
located within a view cormidor 1o minimize disturbance within
the buffer. Applicants proposing a view corridor must prepare
a plan showing the view corridor’s location within the Coasdl
Buffer Zone with respect 10 view points from 4 dwelling or
other viewing area. View corridors are typically rapezoidal in
shape, being narrow at the inland edge and expanding oward
the shore. On residential lots of 2 acres or less, only one view
corridor is typically considered acceptable, View Corridors
may not affect more than 25 % of the length of the Coastal
Buffer Zone as measured along the shoreline feature. ¥View
Cormridors may be prohibited in sensitive or critical habitat
arcads.

3, Habitat Management - The management of naturad
vegetation within a Couastal Buffer Zone 10 either enhance
wildlife habilal or control nuisance and/or non-native spevics
of vegetation may bhe allowed where il is demonsirated thai the
existing environmental conditions will be improved for nuine
plantlife and wildlife. Additionally, homeowner control of
nuisance species of vepetation such as European Bittersweet
and poison ivy are considered acceptable within managed
portions of Coastal Buffer Zones. However the indiscrimi-
nate use of herbicides is prohibited and fertilizers mas anly be
used Lo enhance the replanting of native vegetavon. In
addition, maintaining a buffer 2one in a “landscaped condi-
tion”, or estabhishing lawn are not considered appropriate
habital anagement activities and are prohibited. In Coastal
Buffer Zones encompassing one acre or more. clearmg mas
be allowed to establish tield conditioms which contain native
grasses and herbaceous plants. In such cases. cleartng tor
field cstablishment shall not atfect more than 253% ot the
Coastal Buffer Zone. All Buffer Zone Munagemoent plans
imolving habitat management within a Coastal Butter Zone ol
ONE GUTEe OF TROTC, OF 0 sensilive or criticat habatat arcas vas
determined by CRMC statt) shall submit a butfer cone
management plan prepared by a qualified environmeniad
professional or binlogist,

(AL



4. Safely and Welfarg - Selective tree resmtoval and
pruning and thinning of natural vegetation within a Coastal
Buttfer Zone may be altowed on a case-by-case basis for
proven sately and welfare cancerns (¢.g., removal of a
damaged or discased tree in close proxinity 1o a dwelling). In
order to promote child safety and manage pets in areas
harboring ticks. fences along the inland edyge of a Coastal
Butter Zone and along shoreline access paths or shoreline
recreation areas may be permitted (tences must be of an
“open” lype construction to permit the pussage of wildlife, e.g,
split rail or similar). Coastal Buffer Zone management plans
shall include methods of avoiding problem areas such as the
proper placemeni and maintenance of paths.

5. Shoreline Recreation - The CRMC recognizes that
shoreline recreation 15 one of the predominant attractions for
living on, or visiting the Rhode Island coast. In order to allow
for such uses. minor alterations of Coastat Butfer Zones may
be permitted along the shoreling if they are determined 1o be
consistent with CRMC’s goals and policies as noted in the
Rhaode island Ceastal Resources Management Pragram (RI
CRMP). Appropriate alterations typically include maintaining
a small clearing along the shore for picnic tables, benches, and
recreational craft (dinghies, canoes, day sailboats, efc.).
Additionally, where appropriate, the CRMC may allow small
(200 sq. ft. total floor space, or less), non-habitable structures
including storage sheds. boat houses, and gazebos within
Coastal Bufler Zones. Due to the potential for these struclures
ta impact natural values provided by Coastal Buffer Zones, the
Council shall exercise significant discretion s this area.

6. Suburban Coastal Buffcr Zongs - Where the Coastal
Buffer Zone requirement is 25’ or less (as per RICRMP

Section 150, Table 2a), the CRMC shall consider such buffer
cones “Suburban Coastal Buffer Zones™. Suburban Coastal
Buffer Zones may be managed in their entirety {100%) by
selective Iree removal, selective pruning. selective thinning
and restorative planting.. However, the CRMC may require
that several trees be maintained or planted (o protect scenic
quality.

C. Appropriate techniques for managing vegetation
within a coastal buffer zone:

1. Sclective Treg Removal - In cases where the applicant
wishes 10 remove a few select trees, trees proposed 1o be cut
must be specificalty identified for CRMC staff review. In
most cases, photographs of the buffer area may be sufficient
provided the affected trees are clearly shown in relation 10 the
surrounding buffer and shoreline. Trees may aiso be marked
on-site to allow inspection by CRMC staff. In order to
minimize disturbance and allow monitoring by CRMC staff,
tree stumps of fallen trees shall not be removed. CRMC staff
may make a follow-up inspection to verify that only marked
trees were cut based upon stump counts. Should the applicant
wish to remove a fallen tree from the buffer zone, this must be
performed in a manner which does not disturb remaining
vegetation. Selective wee removal is often a preferred
technique for the establishment of a view corridor.
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2. Sclecrive Pruning - Pruning as defined for CRMC
purposes involves culting branches from trees, tree saplings
and shrubs. For certain Coastal Butfer Zone Management
options, pruning the 10ps of shrubs and forest undergrowth
{topping) may he appropriae o discourage growth in height
On level ground, shrubs and forest undergrowth should be
pruned to a heipht of not less thar 4'-8'. In areas where the
ground surtace descends toward the shoreline, 10pping should
only be performed 1o a height that allows & view of the water.
Applicanis proposing pruning must descrihe in detail the work
proposed, provide photographs and a site plan, and/or mark
these portions of the Coastal Buffer Zone where vegetation
wilt be pruned on-site. The species of vegelation 1o be pruned
should be ideniiicd since some specics of vegelalion cannot
tolerate excessive pruning or topping, Selective pruning is
often a preferred technique for the establishment of a view
corridor,

3. Sglective Thinning - Thinning as defined for CRMC
purposes involves the selective remuoval of tree saplings,
shrubs and vines occurring in brush areas and in the under-
growth of torested butler zones. Applicants proposing
thinming must describe in detail the work proposed. provide
photographs and a site plan. und/or mark areas 10 be thinned
on-site. The species of vegetation 10 be removed from a
Coastal Buffer Zone management area must be differentiated
from those species which are 1o be retained and encouraged.
Sclective thinning is often a preferred technique in areas
where habilat management will be performed.

4. Restorative Planting - For purposes of Coastal Buffer

Zone Management, restorative planting shall be strictly
defined as the planting or replanting of natural vegetation
native to the Rhode Island shoreline. However, naturatized
species such as Rugosa Rose may be allowed. as determined
by CRMC saff. The plaming of non-native, tandscape and
exolic species, in mosl cases, shall not be considered appropri-
ate in Coastal Buffer Zones.

5. Mowing - In most cases, mowing of vegetation within
a Coastal Buffer Zone shati be prohibited unless associated
with the establishment and maintenance of shoreline access
path or approved shoreline recreation arca. However, for
certain habilat management options, annual or biannual
mowing may be allowed to maimain field vegetation where
such vegetation 1s considered valuable to wildlife and other
natural values. In such cases, mowing shall be confined 1o
25% of the Coastal Buffer Zone area, or less.

6. Clearing - Clearing or clear-cutting of vegetation
within a Coastal Buffer Zone shall only be allowed for the
establishment of shoreline access paths, shoreline recreation
areas and in certain cases, habitat management options which
are designed to maintain a field of native grasses and herba-
ceous plants. Clearing shall not affect more than 25% of the
Coastal Buffer Zone area. Clearing for habitat management
shatl not be allowed in Coastal Buffer Zones of {ess than one
acre.



—

. —

Eilling and grading - Minor filling (10 cubic yards or
less) and grading shall ooly be allowed in Coastal Buffer Zone

arcas for the establishiment of shoreline acce

ss paths and

shoreline recreation areas. Certain minor cutting and filking
activities may also be allowed on 4 casc-by-case basis
promate these uses. Filling and grading shall aot be allowed

for hahitat management options.

Figure 10. Example of an adequate buffer zone management plan drawn by owner.
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