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I. Introduction

Recent events. such as algae blooms: fish kills;
closure to harvest of finfish and shellfish stock»;
increased coastal developnient, tourism, and recre-
ation; loss of tidal wetland» and wildlife habitiit; and
scenic degradation of coastal vicwshed», all have
increased our awareness ol the nccd to preserve.
protect, and restore our nation's coastal resources.
The prohlems observed along the coastal zone are
not the result of any single event, but rather are 'i
result ot' multiple changes that. when added together
over time. have lrayed and split the threads that link
together ecosystem functions. In response, rnanage-
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
bc the application ol vegetated buffers for use in the
coastal zone. Vegetated buffers have been applied in
the f'ields of forestry and agriculture to moderate
nonpoint source degradation of water courses, in
wildlife management to improve and provide
habitat, and in landscape architecture to improve
visual appeal. While great emphasis is being placed
on the use of vegetated buffers to abate nonpoint
source degradation of waterway», 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 ecosysterns,

lt is the intent of this document to formulate

concept» and ideas pertaining to the development of
vegetated 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 comparison, of runoff
sources and buffer efTects when located on specific
types of soils, for instance. There are many reviews
of this type available in the published literature.
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,

~ Definitiort of vegetated buffer
Of the variety of definitions found in the litera-

ture  Table I!, all include the concept of a vegetated
buffer acting as a transitional zone between differ-
ing land uses, and/or as a barrier to, and filter of,

surface ~ uter runoff, As a result ot their associatiiin

with reducing the impact of development and
limdscape;ilteration on water resources, vegetated
buffers,ire now being routinely employed as a tool
lor ntanaging the environment. Vegetated buffers
are often iinpleitiented. for instaiice, to mitigate the
el'fects of nonpoint source pollution by removing
pollutants froin runoff through plant and inicrobial
uptake. microbial degradation and conversion,
physical trapping, and chemical adsorption. Philhps
  l989a! describes vegetated butchers as "one of the
inost effective tools t'or coping with nonpoint source
pollution." The U.S. Environmental Protection
Agency  EPA, l993! states: "...constructing vegeta-
tive treatment systems, will he considered in all
coastal watershed pollution control activities."
Statements such as these give signil'icance 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 v orking 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 v hat a
typical BMP can provide. For instance, EPA �993!
states: "The term I > egetared buff'rf is currently used
in many contexts, and there is no agreement on any
single concept of what constitutes a buffer. what
activities are acceptable in a bulfer 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 vegetated buffers as a resource manage-
rnent 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 engineered for a specific pur-
pose, such as sediment removal, Forested buffers,
on the other hand, are typically natural areas left
along stream and river banks to mitigate the cfl'ects
of logging on in-stream trout and salmon habitat.
These practices are commonly considered separate
entities one edge of field  filter strips! and the



other edge ol stream  forested huffers! � despite
their similarities in purpose. Together they make up
a range of functional use» greater than either consid-
ered alone.

This review incorporates information taken from
both vegetated filter strip and forested buff'er stud-
ies, since the use of both is important in developing
a general understanding of the effectiveness of
vegetated buffers. particularly from a multiple-use
perspective. When thc term "vegetated buffer" is
used in thi» 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 t ! 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 multtple use and multiple
benefits for this versatile management tool, as
adapted from information on both natural and
engineered vegetated buffers.

Table l. A selection of dettnitions for vegetated buffers.

8 Multiple benefits
Vegetated buff'ers often produce many benefit»

that are neither well-documented nor originally
intended. They can bc used for providing wildlife
habitat; for promoting vi~ual diversity; for bird
watching. hiking, and picnicking; for preserving the
integrity of histori<.'al and cultural sites; for flood
zone management by settmg 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 wilderness of the coa~t that
draws people to the shoreline.

Vegetated buffer programs. however, are rarely
developed to fully consider the multiple benefits and
uses that they offer to resource managers and to the
general public. The "single use jsingle 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
at rey and Bradley, 1982

Dillaha et al., t 9 6a

Soil onservation Service, l989

Chesapeake Bay Local Assis ance Act,
f990

Brown et al., 1

Palmstrom, 199 l

Comerford et al � l 992

Dodd et al., t993

EPA. f993

Definition
7ones of undeveioped vegetated land extending from the banks or high water mark o a
warer course or water body  o some porn  landward. Their purpose is to protect the
water resources, including wetlands, they adjoin from the negative impacts of adjacent
tand usc,
Bands of planted or indigenous vegetation used to remove sediment and nutrients from
surface runoff.
Strips of grass or other vegetation that trap pollutants from land areas before ihey
reach adjacent water bodies.
An area of naturat or established vegetation managed to proteci other components of a
Resource Protection Area and s ate v aters from significant degradation due  o land
disturbance~.
Transitional areas between two different land uses where one mitigates the impact
from the other,
intended to provide a neutral area to lessen  he impact of man's activities  i.e.,
fertilizer use, on-site sep ic systems, urban runoff! on sensitive resources.
A barrier or treatment area protecting adjoining areas from the o f-site effect~ of some
disturbance.
.....stnps of land in tran~i iona  areas between aquatic and upland ecosystems From a

water quality manageinerii perspective. ripanan buffers can be defmed as areas designed
to mtercept surface and subsurface flov from upland sources for  he purpose of
improving water quality.
Strip~ of vegetation separating a water body from a land use that could act as a
nonpoint source.



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

Before vegetated huffers can become an effec-
tive multiple-use management tool, however, their
variable uses and effectiveness must he hetter

understood by resource managers, who can then
develop programs to maximize the benet'its and
minimize the shortfalls for their use along the
coastal zone, The implementation of vegetated
buffer areas in the coastal zone can directly assist in
pollution control, habitat diversification, and visual
beautification. The application of multiple-use vege-
tated buffers, however, will hest be implemented at
a watershed scale to protect the rivers and streams,
and in effect, the entire ecosystem, from which the

coastal zone ultimately derive» 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 v.hich
they are applied or the care and effort taken in their
design and development. can neither take the place
of, nor tully mitigate, the effects of poor land
management techniques. Vegetated huffers should
be considered a tool that can assist in the restoration

of coastal and watershed ecosystems once sound
land management practices have been developed
and put into general practice, and not as an inexpen-
sive technological savior to mitigate poor land and
other natural resource rnanagernent practices,





II. Vegetated Buffer Use and
Effectiveness: A Review

5 Vonpoint Source Pollution Control
Nonpoint source pollution of our nation's

water wavs ls of rnaj<ir c<incern fol tlat ur",ll res<!ur<.'es
policy and management. The U.S. FPA recently
estimated that 50 to 70 percent ot' the nation's
threatcncd or impaired surt'acc water» were being
adversely atf'ected by agricultural nonpoint source
inputs, and that five to 15 percent of thrcatencd or
impaired surface water» were being adversely
af'fected by urban runoff lGritfin. 199 I !. Concern is
also growing for thc degradation of groundwater
due to nonpointsource impacts, which has implica-
tion» with regard to subsurface recharge to streams.
rivers, lakes, and estuaries, as well as t<i drinking
water supplies. A nati<inal survey of' wells con-
ducted by th» U.S. Ge<ilogical Survey t'ound that
nearly 6,5 percent contained nitrate concentrations
in excess of the EPA-established safe drinking water
standard of I 0 mg/I nitrate-nitrogen  Madison and
Brunett, 1985!,

Recent estimates of the impact of nonpoint
source pollution have pushed torward a new era of
regulation to abate water quatity degradation.
NOAA and EPA have both drafted ncw guidelines
for regulations to limit nonpoint source pollutant
impact on surface waters, Under the purview of
Section 62I7 of the Coastal Zone Management Act
and Section 3 I 9 of the Clean Water Act, the man-
dated regulation of nonpoint source pollutants will
begin in earnest.

The control of nonpoint sources of pollution.
however, will not occur as easily as for point
sources, which can usually be clearly identified,
quantif red, acted upon. and monitored for cornpli-
ance to discharge standard». Nonpoint source», by
their very nature, are most often diffuse. cryptic, not
easily monitored, and in many ways not fully
understood. A f'urther problem is that, even when a
nonpoint source is clearly identified. it is often not
the sole cause of any observed degradation of water
quality or habitat. Instead. it is usually a result of the
cumulative impact of many nonpoint sources within
the area.

Although numerous problems are inherent in
controlling nonpoint sources of pollution, abatement
methods arc being developed and implemented

al<ing w rtcrcourses thr<>ugh<rut th» world. Many <if
 hese;<re engineered control nreasures designed to
rni igatc ih» oft'-site impacts ol development
cate tr bus lrls, sett lrng Iiorr<ts, and gr'tssy' swalcs, for
insurrcc. Thc implement.<tion of' vegetated buftcrs
;ts HMPs h;ts generally been practiced by resource
nianagers with the intent ol removing sediments and
att'rched pollutants from runot'f water. This practice
is welt-supported and documented in thc literature,
where numerous studies can be found that describe

the design and eft'ectiveness of' vegetated buffers as
a BMP. Other measures employ increased planning
to abate thc impacts of future development, Rezon-
ing. cluster development, setback.s f'rom water-
c<iurses, and defining naturally vegetated areas <s
buffers are sor»e examples of planned mitigation
measures. Naturally vegetated buffers have typic;<lly
been applied as habitat preservation measures,
except within the. field of forestry, where they have
been extensively applied for sediment control.

ln order to assess the potential value of imple-
menting vegetated buf'I'ers as a nonpoint source
pollutant control measure, the many variables that
affect how buffers rcntove pollutants from runoft
must be understood. A better understanding of how
vegetated huffers work, and what factors limit their
use and effectiveness as pollutant removal mech;>-
nisrns, will assist in evaluation and implementati<in
of practicat and functional vegetated bufters.

~ Critical Variables Affecting Pollutant
Removal

Vegetated buffer» are typically employed v,ith
the primary objective of removing sediment and its
attached pollutants from surf'ace water runoff. Pol-
lutant removal is primarily achieved by slowing the
surf'ace water flow that trarrsports sediments, allow-
ing time for the sett! tng of scdimerrts and thc pollut-
ants adhered to them. The effectiveness of a veg-
etated buffer in removing pollutant.s, however. will
vary according to a number of conditions, such as:

~ Soil type in the butTer
~ Depth of the water table in the buffer
~ Type, density. and age of vegetation in the

buft'er

~ Poltutant concentrations contained in thc

runo 'f water entering the buffer
~ Land usc and size of areas drainr'ng into the

buffer



~ llydrologic regitne of the area within and
adjacent to thc buffer

~ Width of thc buf'fer

~ Residence tinie of water in the butter

~ The path of runoflw;itcr into and through the
buffer

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

Surface Water l low

ln order for a vegetated buffer to cffcctively
remove pollutants and seditnents, the surface water
flow through the vegetated buffer must be slow,
shallow, and uniform  Broderson, 1973; Dillaha et
al., 1986a!. Surface water runoff should progress as
shallow "sheet flow," and not become channelized
as it moves across the buffer area. Slow flow allows
for pollutants � which are often adsorbed to
sediinents � 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 silt» 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,
assist~ flood control by allowing water to percolate
into the soil, 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
to the natural tendency of water to move in discrete
channels, Dillaha et al. �986a! rcport a range of 40
to 95 percent reduced efficiency of sediment, nttro-
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

limitation to buffer eff'ectiveness during the review
of riparian buffers implemented on agricultural
lands in thc state of Virginia, Nearly all the veg-
etated bufiers inspected needed some form of
maintenance or engineering to reduce channeli-
zation of flow, and to incrc ise effectiveness in the
removal of sediment and pollutants from surface
runof'f. 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 vegetation in the buffer is submerged. effective-
ness is reduced. As submergence increases, filtering
efficiency of the buffer declines to zero  Karr and
Schlosser, 1978: Barfteld et al.. 1979!. When storm
events occur, such as sudden thunderstorms, precipi-
tation can often be extremely heavy. submerging the
bufl'er and allowing an initial heavy flow of pollutants
into receiving waters. All vegetated buffers may exper-
ience temporary ineffectiveness during thunderstorms
or similar events that bring heavy precipitation.

Groundwater Flow
As surface soils become saturated, ~ater may

move vertically rather than horizontally through the
soil layer and enter into the groundwater 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
soils 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-
water may also move into subsurface aquifers and
degrade potable water supplies. In areas such as the
coastal northeastern United States. groundwater
recharge can be a signif'icant source of nitrogen
enrichment 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 to
remove a limited number of pollutants from ground-
water � nutrients and some metals, for instance,
Oils, inost metals, and pesticides will generally not
be effectively removed by vegetated buffers once
they have entered the groundwater recharge systein.



Furthermore, vegetated buffers located over deep
water 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 flow» 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 abaternent measures and any
observable effects,

Nutrient uptake and utilization by plants can be
a major pathway uf 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 deep!, Peterjohn
and Correll �984! reported an 80 percent removal
of nitrate from surface water flow, and Correll and
Weller �989! 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 denitrification. The process of denitrifica-
tion, which converts nitrate to nitrogen gas, which is
then released to the atmosphere, is reliant upon the
existence of a microbial community of denitrifying
bacteria. The microbial cornrnunity is partly reliant
upon anaerobic conditions � a circumstance in
which no free oxygen is present. The oxygen
present in nitrate  NO,! is 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 typrcally provide
conditions that promote denitrifrcation,

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. �991!, Simmons et al. �992!. and
Groffman et al. �992!. reported that nitrate removal
was greater in areas with shallow water tables than
in those with deep water tables during both dormant
and growing seasons. Ambus and Lowrance �991!
found that 68 percent of the denitrification they
observed occurred in the top two centimeters of soil.
A shallow water table keep~ groundwater close to
thc 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 �989!, 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. �989! and
Weiskel and Howes �992! 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 � wefl-
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 occur», and further study is needed
to determine if and when vegetated buffers promote
groundwater contamination.

SIope
Areas of steep slope do not allow for long

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 promote 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 ol



flow through the buffer area, Thc shallower the
slope, the longer the residence lime. the slower the
1 low, and the greater the ability of se<finrent and
pollutants to settle and be re»1oved fron1 the runoff'.

A slope ol less than I5 percent reportedly
alhrws for adequ;lte rctet1tion titne arid pOllu an 
rem<rvaf, while stccpcr slopes may not he suitable
1'or vegetated bufTers due to thc sh>pes' erosion
potential and lack ol' adequate retention time
 Schueler and Bley, 1987; Niewswand et al.. 199 !:
Palmslrom, 1991!. Clark �977! gives some ex-
amples ol minimum buffer width» for water quality
protection according to slope and soil crodibility: he
recommends a minimum width of' 10 meters for

areas with no slope on slightly erodible soils,
extending to 50 meters for 30-percent slopes on
severely erodible soils. Trimble and Sartz �957!
suggest adding an extra 0.6 mctcrs of vegetated
buffer width for each one-percent increase in slope
within thc vcgctated buffer for minimum ef'fective-
ness, and a 1.2-meter increase per one percent slope
increase to attain greatest water quality protection.
Broderson �973!, in a study of the effectiveness of
forested buflers to remove sediment from runoff
before the runoff enters a stream, suggests that
fifteen-meter huffers are sufficient at slopes less
than 50 percent, and a maximum 66-meter buffer is
sufficient for extremely sloped areas. Comerf'ord et
al. �992! note, Crom a review of the literature, that
.slopes greater than 30 percent generally allow
inadequate retention time in a vegetated buffer for
any SignifiCant denitrifiCaliOn tO occur,

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

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

be deposited on the leading edge of the bul'fcr area.
forming a burnt  Magct c et al�1986: Robat and
Sabol, 1'!8!  r. Once,'< berm is t'ormed at the leading
edge ol' the vegetated buffer, water wrll be chan-
neled around the buffer, rendering it useless. Even-
lu;illy lhc berm will he breached, causing
charrnelization ol flow into the vegetated buffer,
increasing errrsiOn and reduCing buffer effeCtivCness
1'or pollutant and sedinren  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 intcractrons. However, highly permeable
soils, such 'ts 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 chemical 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 least
nitrogen removal. regardless of drainage capacity.
Fhrenfeld   1 987! found that nitrogen from septic
system leachate moved greater distances vertically
than horizontally through the permeable sandy soils
of' the Ncw Jersey Pinelands, where the nitrate-laden
septic leachate quickly percolated below the root
zone of' buffer vegetation. ln some soils, vegetated
buf'fers that are not located directly in the septic
system leach field plume will be ineffective in
removing nitrate. The contaminants contained in



septic system leachate can readily enter ne;trby
waterway» under these conditions.

Poorly drained soil» generally relain w;tter long
enough. itnd of'ten under conditions favorable
enough. that pollutant removal is accomplishc<f,
Figure I prcscnts a range of ttitrogetl-retnoval data
reported by Groffrnan arid Ticdjc �989a! for a
variety of soi! types and conditions, Poorly drained
soils were found to he more than twice as effective

as well-drained soils for the removal of' nitrogen.
Poorly drained soils that contain a higher  >rganic
content are more apt to promote thc growth and
maintenance of denitrifying microbial cotnmunities
and hence greater nitrogen rcrnoval  Vicho!s. ! 983;
Peterjohn and Ct>rrell, !98'>; Crrt>ffntan et al�
1991a!. In cases where long residence time occurs
in saturated, organic soils. nitrogen removal may be
high  Cooper. !99 !!. These conditions are typically
found in salt nlarshcs. wetlands. and wet forests. all

of which have been repeatedly reported to express
high dcnitrification potential, Saturated, organically
rich soils, theref'ore, can be useful in the removal ol

both soluble and sediment-bound pollutttnts. while
sandy soils may be most effective in removing
sediments and bound pollutant», and soluble forms
on! y margina! ly.

Soils rich in clay content are often relative!y
impermeable, and removal of pollutants from
surface water» by soil percolation can be low,
Scheuler and Bley  ! 987! do not recommend
vegetaled buflers as effective p >!!utant removal
mechanisms in clay-rich soils. Mixed clay soils,
however, as shown in Figurc I, often arc ef'I'ective in
the removal of pollutants, Clay soi!s often have high
affinities for binding positively charged pol!utants,
particularly metal», by actittg a» a cation  negatively
charged! exchange site. Provided the clay soils are
not compacted, and runoff over the area is slow,
pollutant removal via chemical binding may he
significant �irschky et al., ! 989!. Chemical re-
moval, however, is finite; once metal.s 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 metals given in
Baker and Chesnin  !975! shows that copper has the
greatest tendency to remain stable once adsorbed.
Zirschky et al,  !989!, experimenting with copper,
nickel. zinc, cadmium. chromium, iron, lead, and
manganese, found that only copper and zinc were

cor»istently rentoved, Other metals may therefore
»ot be effective!y rentt>ved f'ron> surf;t«e runtrff by
vegetated hulTers. even in hu ' 'ers w ith condit i<ms
c<>nducive lo metals remova!.;tnd other methods

rnity ttced to hc cxp!oft d t'I Iernovitl of nletitls ts of
nutjor concern.

Po! ltltattt Characteristics

M my stttdies indicate th;t  most pollutants;utd
nutrients trartsportcd hy surface runoff are;tttached
to sediments, This tends to be true for metals

 Zirschky et al.. ! 989!, peslicides  I.ake;tnd
Morrison, 1977!, phosphorus  Karr;tnd Schlosser.
1977: Chescheir el;tl,. ! 988: Lce et al,. ! 989!, and

some fornls of rtitrogen  Karr and Schlosser, 1977;
Cheschcir ct a! .. 19881. Nitrate, however. h ts less
affinity to sediments. and is most often tound in t
dissolved phase  Chescheir et a!.. 1988!. Run<>ff that
characteristically contains pollutants bound to
sediment need only move through a huf'I'er abl» ttr
remove the sediment load. When runof'f characteris-

tically carries pollutants in dissolved or so!uh!e
forms. the buffer area will need to promote lortg
retention times in order for tho~e pollutattts to be
effectrvely adsorbed to soil» or utilized by plant and
microbial communities.

The effectivene~~ of pollutant remova! wi!! he
related to the concentration ol pollut;tnts entering
the vegetated butter lrom outside sources, Much t>f
the reviewed literature reports testing buff'cr ef'fi-
ciency in response to sources that have s cry hi h
concentrations of incoming p<>llutants, particularly
sediments and nutrients. For instance. Fdv ards et al.

�983! measured concentrations of t >ta! suspended
solids. nitrogen. and phosphorus entering grassed
buffers from a cattle feedlot to bc: ! 0.200 mg/1 TSS:
705 mg/I N; 
2 m~jl P. In most ca~es. very favor-
able removal efficiencies were reported. despite a
high input rate. In the Fdwards et al.  ! 98~! study,
removal rates of 87 percent TSS, 83 percent tt!, and
84 percent P were recorded after the feedlot run >ff
had moved through a settling basin and sixty meters
of grassed buffer, Thi» may suggest that vegetated
buf'fers treating more "average" concenlrations of'
pollutant inputs»ri r!Irr produce even gre«tcr rcntoval
efficiencies than those reported in t!re puh!ished
literature  see Schueler  ! 987!. for example. for
average concentratit>n» of varit>us po!!utants c<>n-
tained in urban runoff water!.

ln c >ntrast. ':v'ich >!s  ! 983! rep<>rted that re-



rnoval ef'I'iciency for nitrogen and phosphorus
decreased as loading of those nutrients into a
wetland treatment area increased. Reuter et al.

�992! rcport similar results. The U.S. Anny Corps
of Engineers �991! suggests that, despite reported
high removal efficiencies for pollutants in vegetated
huffers, high pollutant loading rates into the butTer
may result in degradation of adjacent sensitive water
bodies, For example, Castelle et al.  I 992! reported
that 55 percent of the assessed buffers implemented
to protect wetlands that bordered residences using
lawn maintenance systems showed impacts from
t'ertilizer applications. The syrnptorns ranged from
increased wetland plant growth to wetland plant
death from nitrogen toxicity. Under high pollutant
loading condition». the percentage of' pollutants nuI
removed may be sufficient to cause degradation of
water quality and other resources. This is further
exemplified by the study of Edwards et al. �983!,
in which, despite high removal rates  87 percent
TSS, g3 percent N. 84 percent P!, the pollutant load
leaving the sixty-meter grass buffer was high  988
kg TSS, 63 kg N, 15 kg P!, as were concentrations
�,g40 rng/1 TSS; 260 mg/1 N; S I rng/1 P!. Although
high pollutant removal rates in vegetated buffers
will certainly reduce loadings to receiving water,
they may not necessarily equate to protection of
water 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. lt 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 �977! 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 partially 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 �978! report that, as particle size
decreases, the buffer width required to remove a
greater percentage of those particie sizes increases

dramatically. Wong and McCuen �982! similarly
found that disproportional increases in buffer width

t'rom 33 to 66 rnetcrs � were required to in-
crease sediment removal efficiency of a grassed
buffer from 90 to 9S percent. The largest sediment
particles are generally deposited within the first f'ew
meters of the vegetated buffer. leaving the fine silts
and clays in suspension. For example, Neibling and
Alberts �979! 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 load was
removed within the same effective buffer width,
Wilson �967! 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 buffer
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 uptake, or microbial
transformation.

Vegetation Type
The vegetative ground cover within a buffer

serves multiple purposes with regard to overall
buffer 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 detertnining 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 he inanipulated, often in a cost-effective man-
ner, to better achieve the goals for which the veg-
etated buffer was implemented. For instance, the
vegetative cover in the buffer could be inanipulated
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 literature for nitrogen, phosphorus,
and sediment in both grassed and forested buffers
and over a variety of site-specific conditions.
Nitrogett was the most widely reported pollutant



with regard to removal in vegetated buffers. The
removal rates provided in Table 2 trtay be useful to
resource managers for estimating potential nitrogen
removal in irnplernented buff'er», based upon vegeta-
tion and other general characteristics. In the event
that pollutant loadings were able to be estimated,
actual removal rates for a proposed vegetated buff'er
could be estimated, based upon Table 2 and site-
specific data, and the buffer area modified in order
to achieve the desired pollutant removal goal.

The removal rate value» for nitrogen presented
in Table 2 are graphically presented in Figure 2 to
visually show the range ol 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 nitrogen
removal potential than forested buffers. Forested
areas, particularly wet forests, are frequently noted
in the published literature to be more effective
nitrogen removers than grassed areas. In Figure 2,
however. grassed buffers are shown to have the
potential to remove nitrogen at a rate approximately
three times greater than that of forested areas, The
potential for forested areas to remove nitrogen may
be underestimated 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.   1 988! had removal rates of only 2,0
kg/N/ha/yr, 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/ha/yr
than for forested buffers, and the average removal
rate for grassed buffers may more closely approxi-
rnate those for forested, given gre~ter representation
 see Figure 2!.

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

where thc primary pollutant of concern is sediment
 artd its adsorbed pollutant load!. The results of
grassed buffer studies are generally reported as
percent removal and typically have treated source
;ireas with a high pollutant load. Studies of wooded
buffers generally have focused on naturally forested
areas, with the removal 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
areas that contained high pollutant loads, and
generally treated logged or urban areas rather than
live~tock and agricultural areas. The result is very
much two separate bodies of knowledge, which
have taken tv'o separate paths of study, This makes
f' or some difficulty in directly comparing grassed
and forested buffer studies. as the methods and
reporting of results are generally different. Enough
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 can 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.  I VHN!
found nitrate leachate concentrations leaving fertil-
ized plots of Kentucky bluegras~ to be well below
the EPA drinking water standard of 10 mg/l nitr~te-
nitrogen, Nitrate concentrations ranged from 0.51 to
4.02 mg/I, with the higher values found leaving
heavily fertilized. overwatered experimental plots.
The results of thi» 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 water~ with only minimal removal of nitrogen.

js



Tahle 2. Retnovat rates for iarious pollutants in vegetate t bttffers. The values reported for removal in gras«ed buffer« »lay
he high relative t i tore«le t hut'I'cra because  n ixl received direct tert tiger trcatilicnlx, ra here»« t ircste<t hufferx did rait. Rctlloviil
ra ei t'or fore«lcd h<it'I'crs  tta!  herc '<irc hc undcrcstiinalcd v ith regard lo their actual re»los«1 potential. j I kilograin = 2.2
p<iui ds; I hectare = 2.47 i cree 1

DetailsRemoval RateReference
V TR ! it'.4
f:hrcii tclil, I '!K7 ! S - tt l kg iV+a/7 i tl,<rd<v<io<t «ctiand gc  ing sep ic  ank Ie«chute
Ehreii feld. I '!K7 Sh k V/h </> r Pt<ic <Ipl il'i<tgl:I'I llig gepllc I,'<ilk Ic«ella <

Oak upland gc tiiig scp  c lank Ic;ich;itcEhrcn I clif. 19h7  rt  -  <9 kg 5/ha/y r
Peter!i>hri K C'or c I, 19M.
Pal<rag<i, I91 l

77 kg V/ha/>i
"! ! kg 4'/ha/y r

Mid-A I«otic co«xt,il plain forci   ice«
On;hiird grani; sewage w,rite treiued
Plan  uptake and « <i age in a coaxial pliiin riparian foreit
ktcaii of I 0 'tell'ip<'.I"<Ic itccldiloul folcvts

So kg V/ha/yr
7S.A kg N/ha/>r

Fail ci iil. I '!8 <
 'olc K Rapp, 19!t I

Ah<rvcgr<rond pl,'nit vi<irugc iri rip;irian ares s
Dci'li l'i'1 Ic,i�<iii l� I'I p,'il'I«11 fr relly

LO'wl a»ee <"I al .. 19!ta<
L<iwrance Ct al.. 19Kac

S I.!t kg Nd i ,'> r
.3!.S kI. N/ha/y r

Kc»tuel y hlucgra» control pin 
Kc»luck v htucgra». iivcrwatercd i»rd fertilized

 ! kg t< /h l vi
22 kg 4'/h.r/yr

Mar orr c  al., I<!I K
Ivtor <in ct al.. 19R8

13cnnuda grasx on iandy soil« wrih repeated harvesting
Ripanan torest treating agricultural v aterahed

�r<i«n K Th<imav. I 9137  90 kg 4/ha
Pe erjnhn K C'orrelt, 19!t4 I I kg/ha piirticul.itc organic  C

0.�.  kg/11« iirli�1<II I»!ii V
2.7 kg/h;i ni rate V

Riparian  ores  treating agricultura! ««terxhed
Ripariaii fiircst trc«ting agricultural watershed

Pc eri<rhn A C<irrelt, l<!t�
Pe erlohn <3< C'<irrcl!. 19 <4

AS kg/ha nitrii C V in
gr<iundv aicr
I ! kg N/I a/y r

Somcv, hai p<x>rly drained loam
poorly drairied loam

Gr<iftnian <y< Ticdjc.  9139«
Grot'1'rn,in <S< Ticdj», 1!t 9a

11 kg N/hu/yr
24 kg V/ha/y 

Or@fin an K Tied jc, 198<!a
Orotfrnan K Tied jc, 19! 9«

W el I-drained cl ay � loam
Somev ha  poiirly drained ct,<y � loiirn

It  kg V/ha/yr
17 k i ht/h  /yr

 irotlnian K Ticdlc, 1989 i
Cirottlt «n &. T edlc, I !K<!a

4 ! kg N/ha/yr
 !.h I g 4/ha/yr

Poorly <trairicd clay - � in«in
Well-di «i<i<at van<1

Grnt'I'm«n K Ticdlc. 19I 9,<
 .irntlnlali «< Tlcdjc, !9  9«

 I.h kg . v/ha/yt
I I. S I g V/ha/v r

Somewhat p<xirl! drairied iand
Pooi ly dr«I i<'.d valid

3  I g 'i/ha/day
3 i  g 4/ha/duy

Well di:tined aerohic forci  soil with iiitratc added
V<xrrlv drained aerobic t'oreg  vo l v.ith nitrate added

Gnit tfn ln c  al, 1991«
Groftman e  al., 199! a
 inlttman c  al., 19'! la
 inil1m«n ct al., 199 a

7 ! ! 9 g Q/ha/day
a, S 3 7 ~ V/h;</d;<y

Tall ti acu<' iin acriihic voii w i h nitrate «dded
Rue<i c«n«r> gr;<ii on aerobic voilwith nitrate added

I. I g N/ha/day
I, 4 !A g !v'tha/day

Well-druincd «naerobic forest soil. no nitrate added
Well-<trained anaerohic forest ~oil. ni rate added

Or<iffman cl al.. 19'! I a
 i»it'I'nian c  «I, 199 a

P<xrrty drained «naerohic forest «oil, no nitrate added
Ponrly dri»ned anaerohic f<ircvt soil, nitrate added

 ir<>ffm; n el «I., 199 ii
Cirol fman ci al., 199 a

I 3.1 g V/ha/day
I,4
 g N/ha/day

firn  1 »an e  al., !9'! I a
 inil'Irnuii c  «I., I'!91< 

T«ll fescue <iri a»aer<ihic a<»l, no nitrate added
Tall feicu< or> «n«enihic v<>d. »i rate «dded

I .1  g V/h«/d, v
17,2 !tt g 4/ha/da>

Rccd canary grass on anaerobic vail. no nitrate added
Reed caesar! graia on anaerobic coil. nitrate added

 irol'fm«n c  «I.. i 991«
Groffman et al,. I' 91«

I. ! g N/h«/day
! 5.2 	3 g iv/ha/day

Warwick K I litt, 19!ttt

Warwick K Hill, 19  tt

Sandy ied men»

Organic aedimcnts

Watercress hcd de ritual and iedirnenti

Recit ca�« r< grani.' tc<< «ge w;isle tl'eater}

Warwick K Hill.  9!ttt

Hook K Kardox. 1977
I 05 . -3 19 pg 4/nt-/dai

it<� kg X/ha/yr
Rhode« ct al., 198s
1 e nunyo i, 1991

<  c«n of I I I high-alii »dc <vc  mead»«samples

!4»ixiih ttin» cgra i in lgm" weft-dra ncd ploi: urea treated

 !,34 I � 7,26s g 4/hr/acre
99..3 / 37.s ku V/ha

Sh,t / 2 !, r kg .'i/ha

7 .9 / 4  .9 kg 5/h«

 .cmunyon, 1991

Lcm»»yon, 1991

!�.6 / 3 t.a kg V/ha  !rchard grain in I S<n- «el -dr«<ried plot; urea treated
 I / ~C.7 kg 5'P,< Perrcni at rycgrass in I sm - well-drained plot. urea treated

IA

Pe er!oh<i <rr  '<irrcll. 19�4

Groftriiari <lk Ticdjc. I '9h9«

I x'mony<in, 1991

Lemon><»r, 19'! I

0, !SM!.c!pg N/m-/day

 !. 	  � 1.2 ! pg .'i/m-/day

Riparian I'nresi  rea ing agric»1 ural v atershed

Well-dr«ined lo«m

O<ilrriv<iil gr«xw lli I Sr<1 well-itr oned plo ; urea tri.'a ail

Kentucky hluegraii iri I Sm- Nell-drained pio : urea treated



Table 2. Retnoval rates for various pollutants in vegetated buft'ers. Continued

29.1 / 18.5 kg N/ha

37 � 41 2 rng N/m-/ ta>

Lemony m. 1991

Hill & Sanmugadas, 198.S

Hill & Sanmugadax, 1985 48.hour xtrcatli sl:dintent tnclll s 'll'onX 3 � ~ ~ 3 mg N/m -/day
Schellinger & Clausen, 1992 0.72 kg/m-/yr TKN
Schellinger & Clausen, 1992

OSPHOR VS
3.0 kg/ha total particulate P Riparian forest treating agricultural v,atershedPeter>ohn & Correll. 1984

3,8 kg P/ha/yr

0.15 kg/m-/yr TP

Lowrance et al.. 1984c
Schellingcr & Clauscn, 1992

Schellinger & Clausen, 1992 0.12 kg/m-/yr Dissolved P
Schellinger & Clausen, 1992

Cole & Rapp, 1981
0.09 kg/m-/yr Ortho P

S.6 kg P/ha/yr
SEDlMENT & OTHER
Peter!ohn &. Correll. 1984 4.1 kg/ha/yr ol particulates Riparian torest treating agricultural watcrsh«d
Schellingcr & Ctausen, 1 992 1.13 kg/m -/yr TSS

Figure 2

Figure 2. Ranges of nitrogen removal
for grass and forested buffer s. The
heavy litle contained in the bar
represents the mean of the data that
constitute the range. Data laken frotn
Table 2. [1 kilogram = 2,2 pounds; 1
hectare = 2.47 acres I

Grass

Forest

100 150 2X 250
Nitrogen Removal  kg/N haryrl

Lemunyon, 19'	

Lemunyon, 1991

Lemunyon. 1991

t~  nun yon, 1991

Nt'! / 34 1 kg N/ha

6S.Z / 33,5 kg N/ha

78.2 / 37.'1 kg. N/ltn

4fk5 / 11.7 kc N/hii

R««d canary gniss in 'I 5m-  sell-dr tined pl it. iirc;i tr ;ii«d

Swee  v«mal grass iri 15in- w«0-drained plot: ur ".i tr ai«d

1aff fescue in i 5ni- v cll-drairied plot. urea treated

t3ig hfucstcnt in 1 sm- well- trained ploi; Urc I tl ." I«d

Sv iichgr;iss in I 5m- well-drained plot; urea treated
4-lloiir sti' "nn sc fin en   ncllhat ton

22.9 X 7 6m mixed species grass hnl'f«r: 2'4 slope

'.9 X 7.fnn mixed species grass buff'cr: 't slope

Aboveground plant storag« in riparian forests
ZZ.9 X 7.6m mixed spec cs grass but'fer: 2'< s!opc

ZZ.'! X 7.6m mix«d species grass buff«r; Z�  slope

Z2.'! X 7.6mntixed strecies grass buffer: ZS  slope

%1can ol' l4 temperate deciduous I'oresix

22.9 X 7.6m mixed species grass butTer: Z F slope



Grasses are desirable as part ol thc vegetative
matrix that constitute» lhc vege ated buffer. They are
gener;lily able to respond rapidly to increased
concentrations of nutrie»ts. grow rapidly and
densely, and typically grow well tn nearly all
clim ttcs. Thickly planted. clipped grasses provide;l
dense. obstructive barrier to horizontally flowing
water. Thi» increases th» toughness of the terrain.
which reduces flow velocity, promotes sheet flow,
and increases seditnent and adsorbed pollutant
removal efficiency. This also increases residence
time in the hulTer, which promotes uptake of nulri-
ents hy 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 thc vegetated matrix of the buffer should there-
fOre be left in an unCut conditiOn, Or al least nOt Cut
below a height of three or four inches. A worst-case
grassed buffer wouM bc one that is highly mani-
cured and cltpped Iow. rcscrnbling a golf course
putting green. These become flooded very easily,
thus being rendered useles~ as a pollutant filter.
Medium height, thickly growing grasses represent
the ideal for a grassed bull'er area.

Thc usc of' grasses in vegetated buffers has
many rnaintenanCe benefltS. MOWing i» relatively
easy, and thc clipping» can be readily collected f' or a
more pertnanent removal of nitrogen and other
pollutants from the buffer 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, shallow sheet flow of runoff' into a naturally
wooded buff'er area. Although grasses are effective
as vegetated buffer species, they lack the versatility
required of rnuhiple-use buffers � for preserving
wildlif'e habitat or prolnoting 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 lhe buffer area,
or as ground cover in the area immediately preced-
ing the naturally vegetated buffer.

Woody-sremmed Species
Woody-slemlned species generally have deeper

and more well-developed root system» than grasses,
and when the root system is greater than two feet
deep, the vegetated buffer may be effective for the

tenloval of pollutants from groundv ater  I:hrenfeld.
 91�; Groff»lan et al.. 1991b!. In general, hardwood
species are better nitrogen removal mechanism»
than are conifer species  Spur and Barnc», 1980k
but the overall rcmov;tl of pollutants will vary
according to characteristics of' the forested buffer
site � such as vegelative composition, depth to the
water table, and hvdrologv.

For wooded buffers, poorly drained forest plots
hllve been I'Ound tO prOvide greater denitriflcatiO»
than svell-drained f'ores  plots hy creating better
living;tnd grow h conditions for denitrifying mi-
crohes, «8 well as by keeping water within the organ-
ically enriched surface soil layer and close to root
systems ol resident vegetation  Correll, 1991; Groff-
rnan et al� 1992!. Figure 2 shows removal rates as
high as N% kg N/ha/yr have been reported for nitro-
gen removal in t'orcsted areas. The range of nitrogen
removal rate» for forested buff'ers is small. suggest-
ing that retnoval and storage in these sites are, on
average. fairly consistent. With regard to plant
uptake. Ehrenfeld �987! 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 shallow root systems may of'ten be incffeclive
at removing nitrogen from groundwater supplies,
except in poorly drained areas where groundwater
remains near surface soils. Areas with a deep water
table will need to rely 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 cotlducted by Peterjohn and Correll �984!
and I owrance et al. �984a.b! report high levels of
nitrate removal from surface water within fore~ted
buf fers of mid-Atlantic latitudes, while work. con-
ducted by Warwick and Hill �988! noted very little
nitrate removal in northern latitudes  Ctlnada!,
Warw'ick and Hill �988!, 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, �992! and Simmons et al.
�992!, in companion studies, noted that nitrate-
nitrogen reduction in a vegetated buffer is domi-

t8



nated by plant uptake during the growing season,
but that soil microbial denitrification i» the domi-

nant nitrate removal mechanisnt during the dormant
season. Denitrification during the dormant season
was a result of a higher seasonal water table that
allowed nitrate-laden waters to rcinain near surface

soils, which are richer in organic content and a!low
for inicrobial denitrification, Ciroff'man et al.

�99!b! reported that nitrate rcrnoval decreased by
64 percent between the growing and dormant
seasons in their study of vegetated buffers in Rhode
island, while Correll et al.   ! 992!, during a study of
vegetated buffer» in Maryland, reported 97 percent
nitrate removal rates froin groundwater in the fal!
 growing season!, declining to 81 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 vcgctation will
be effective at nutrient removal during summer
months, when coastal waters are typically most su»-
ceptible to nutrient inputs. During the dormant
season of vegetation, at least in areas where ground-
water can rise near the soil surface, denitrification
will continue to 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-stemmed species is pos-
sible, thereby permanently reinoving nutrients from
the vegetated hut'fer system  Lance,!972; Leak and
Martin, 197S; Todd et al., 1 983; Lowrance et al�
1984c; Ehrenfeld, ! 987!, Should a vegetated buffer
not be periodically harvested, eventually the nitro-
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 rep!aced for con-
tinued nutrient removal at a more or less steady rate.

Ehrenfeld �987! noted that most priinary
production by trees is converted to leaf materials,
and Peterjohn and Correl! �984! found that 81
percent of the nitrogen uptake in a riparian buffer
was returned to the forest f!oor 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 managerncnt schemes, The removal of leaf'
litter, however, result.s in the los» ol organic/detrita!
inaterial to soil» in the vegetated buffer, changing
one of the conditions � high organic content
thai promotes the growth of denitrifying microbiaf
coinrnunities. Thc positive or negative effects of leaf
litter rentoval may be site-specific  e,g., presence of
a high water table!.

Stiffer Width
Buffer width variability is one of the mosi

versatile tools available to the resource manger.
Other variables that affect the efficience of veg-
etated buffers in the removal of po!!utants are often
unchangeable, or at least may not be altered in a
very cost-effective manner. Buffer width, however,
i» often easy to 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 genemfized purposes.

The range of buffer widths runs from two
meters to nearly 200 meters, with a variety of
vegetai.ion types reported. These data are presented
graphically in Figure 3, showing the overa	 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 � 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 adequate to
protect water quality in general, at least within
freshwater systems and areas where sediment and
adsorbed pollutants are the major concern,

Table 4 presents a range of pollutant removal
effectiveness values, according to buffer width,
reported in the literature, Although values for the
removal of other pollutants 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  po! lutant! source. vegetation
type s!, and s!ope of the buffer,

What is immediately obvious is the variability
in pollutant removal over bath the range of buffer
widths and within similar buffer widths summerized



Table 3 Recommended vegetated buffer»'idths for pollutant removal. giving the desired eA'ect of the itnplemented
buffer. The repor cd values are generally intended as ntinimunt hul for wicfth values lo, eh!eye the desired purpiise- ~ I Ilieter�
3.28 fce i

Width m! objectit c SpecifiesAuthor! s!
Ozark Mts

2-10
Ahi>la.  t!'� 5-20
Scheulcr and BIcy. 1987 Grassed buffer

Lov slope; rural land7-12

Fores ed bu f'fer

in: Cuinerli>rd et «l., 19'


Martin et al.. 1985 10 Fi>rcs ed bufferProtect water quality frt>nt clear-eut
�

10- 19 Road runt>ff sediment
Triinhle k Sartz, 1957 106- 1
Florida Div, Forestry, 1990

12-24
12-83 Fores cd

15
Phillips, 1989b
in: Comerford ct al., 1992
Cor!te   >f; l.ynch, 1985 20- 30
Clark, 1977
Moring, 1982 Fores cd buffer

Protcc  sire;im waicr quality 1'rom log inFimaii ct al., 1'�7 Forested 'buffer
90'/r !'I;11>i>s al of TS8USACE. 1991 Griissed buffer

in: Comcrford ct al.. 1992

in: Comerfi>rd et al.. 19>
 31
Phillips, 1'!8'!h 40-80
Clark, 1977

Clark. 1977
in: Conterford et al., 19'
 91

1'hillips, I'!89b tinder all conditionsPriitect streunt water quality
1>� Pme lands habitat! f�

178

20

In: Cunicrfortl ct al. I '!92
Ah >hi,  990

iii: Comer ford ei ul., ! 992
Palm strum, 1'!'!!
Doyle ct al., 1975
11'I'. c. i>ltief t>rd c'I al., 1992

Clark, 1977

Swill, 1986

in: Coiner ord et ul.. 1992
in: Comer ord et al,. 1992
in: Comcrford et al.. 1992
in: Comerford et al.. 19<


Roman >1'z C>oc>d, 1983
13rown et al.. 1990

15-60
15 - 103

Maint;iin s rcant «h;innel siahility
St ca it liablta  pi'otcc iott

R iver/hike pri> ecti<ul
1 o>v level pollut;int rcnti>vul

General pu0>use use
 icneral purpose use

Protect v uter quality tr<>m animal v astes
Protect general s> «ter quality

Protectwatci quality ll'olil ground-based
hcrhieidc applications

G cite ra 1 putp >sc use

Pro cct general v uter qual »
Protect v;ii cr quality I'ioin loggirig

Protect general v�itcr qu;i! ii!
Protect small streuin watet quality

Protect general v,atcr qua!it!
Moderate ero>ton protcctii>n

Protect water quality from pesticides
Protect get eral v, uter quality

Severe cri!sion protcc ion
Protect water quality from logging
Protect v ater quality from lngging

Protect s;ilmon egg and juvenile
eleve!  >p it i eii'I

Protect mater qu,i l it y 1'riim;ii ri;i! h orbit ids
app1 i ca   it>its

Pnitec  large stream/river water quality
Pro e .t general water quality
Prt>tee  general water quality

Protect general water qua i y
Protcc  private residences froin aerial

herb  c ide applications

Wetland pn>tee  i or>
Protect wetland water qua! itl

0~4 slope over slightly erodible
soils

<10cd> slop:
Primarily stre ants>de

Forested bu 'ler
Fores ed buffer

'Well-drained soils
Forested buf cr
Ft>rested hu I ter
Forested buffer

Forested buffer
Poorly drained soils

30'. slope over scvcrcly crodib!c
soil s



in Table 4. Thi» variability in vegetated buffer pol-
lutant removal eff'ectivcness is a direct result ol th»

site-specil'ic conditions previously discussed, Most
of the reported pollutant removal values come frotn
studies that have utilized hufters vegetated with
grasses to treat runoff t'rom sources rich in p<illu-
taftts � n'tanure. sewage spf"ty, and fecdlotsfoi in-
stance, The range ot value» tor rcntoval effectiveness
presented in Table 4 may therefore bc biased toward
the treatment of'extreme pollution sources, cotnpared
to what may be considered typical f' or runoff waler.
Furthermore, studies of grassed buffers have provided
most of the data sumfnarired in Table 4, with the result
that forested buffers are potentially underrepresented
with regard to pollutant removal ett'iciency.

The data presented in Table 4 are graphically
show~ in Figure 4 through Figurc 8 for sediments,
total suspended solids, nitrogen, nilrate, 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 rclalionship between buffer width and pollutant
removal efficiency. The relationship between buffer
width and polutant removal agrees with those
previously developed by Karr and Schlosser �978!,
Wong and McCuen  I982!, and others, in which
removal efficiency increases rapidly up to a certain
buffer width, after which large increases in bul't'er
width arc needed to improve removal efficiency by
even a small amount, It i» important to note that the
data used to construct the graph» 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 werc conducted at a

variety tif sites and treated different pollutant

Figure 3

st!ut'ccs with differing input concentr;ttions  see
Ttblc 4!. The relationships between percent remov;tl
anti vegetated buffer width given herc. therefore,
integrate buffer eff'ectiveness over a range provided
in tltc literature, 'tnd are to be interpreted as general-
ircd. or;iverage, pollutant removal efTect iveness.

Aemoval of sedi mertf and saspeftded solids
8etfin'tents 'tre readily removed from surface

water runotf moving through vegetated bull'ers, This
i» evident from Table 4 and is further exemplified in
Figure 4, which shows that removal efficiencies are
typically high. even for relatively narrow vegetated
but'f'ers. 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-reefer-wide vegetated buffer could be expected
to retnove about eighty percent of sediment inputs.
Only slight increases in removal efficiency with
increasing buffer width are noted for buffcrs greater
than 25 ttteter» wide. Overall. vegetated buffer
width must increase by a factor of 3.5 in order to
achieve a I 0 percent increase in the removal of
sediment i» the vegetated buffer. Although the
majority of data that was used to develop the curve
shown in Figure 4 comes from grasscd buffers, thc
fcw reported values that come from forested buffers
are high. particularlv at larger butTer widths.

The pattern noted for the removal of total
suspended solids  TSS; Figure S. following page! in
vegeiated buffers is similar to the relationship seen
f' or thc removal of' sediment. In vegetated buffcrs six
meters in width, the expected removal eftfciency for
TSS is about sixty percent, Eighty percent removal

Rivers snd Lakes

stream

Gensrst

Figure 3. A range of vegetated
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
widths that were reported to protect
water quality, but were not specific to
a type of water body. The heavy line
contained in the bar represents the
mean of the data that make up the
range. I I meter = 3,28 feetl

0 t0 20 00 40 50 60 70 80 90 100
Buffer Width  m!



Table 4. A summary of pollutant rernova! effectiveness vaiues according to»idtb of the vegetated buffer. Removal
efficiency values are giien as percent rentoval ltir each o! the van«os pi!litt inti treated in the v«getated huNer � iediment,
TSS, !otal nitrogen, total phoiphorui. «nd nitrate-niirogen. ! I nteter = 3.28 I' t.ct i

P iv�3Author!i!
D«vie ct .il., 1977 OS
sictliltng & Alberti. 1979 0.6

70.6
78

S7 C'r8  
82'ir«4

9S9 99 ra
62r,,4,0 68ci 

O'er83c  
31rr 
87 i 
76't. 67r 4.6

17 i'c72'7 41cr 
63963ci 

6.1 90C I
96c»7.6
I Sr»7.6
16'Pr 18%a 7 r/ 

9,1 19 "ir
95c 9,1 77q 80�

7!% 17 A
78Cr 78'7r

53'rS ]  / 
459

a 8 err2ttrt 'i Sca 
15 4S'ir

97rrrI S.2 99c!
I S.2 46c/r

62rr19 90�
Young ct al., 1980 213

75C rYoung et al., 1980
chwer & Clau.ien, 1989 9SCS

Young ei al,. 1980 93ci '27.4
66%27.4 87r 88%

84%83rd27.4 81%
31% 29 11

71%
69'» 629 61 r  

90rr45

87% 84%

50r !SSC/ 
909 97,5215
97ri 

85r/ 3 l-42�

97' 
98%

22

'Ncthling & Alberti, 197'!
Ncihling & Alberti. I'�'!
Doyle et a I., I 977
iilcthltng & Alberti. 1979
Iyoy le et «1., 197S
D iylc «1 «! .. 1977
Young ct al.. 1980
Dill«ha ct al,. 1988
Dillaha ct al .. 1988
Dillaha et al.. 1988
M«gctte et al., 1987
Dillaha et al., 1986h
!i!eibling & Alberti, 1979
h!eihling & Albens, 1979
Doyle et a!�1975
Schellinger & C!«usen, 1992
ScheHingcr & Clauicn, 1992
Dillaha et al., 1988
Dillaha et al.. 1988
Dillaha et al.. 1988
Dillahaet a!., !9 6b
Magettc et al., 1987
Thompiori et al., 1978
Bingham ct a!., 1978
Mannering & Johniori, 1974
Doyle ei al .. 1977
hake & Morrison, 1977
Peterjohn & Correl!, 1984

Young et al.. 1980
Young et al.. 1980
Edwards et al., !983
Doy!e et al., 197S
Patterson et al., 1977
Thompson et al., 1978
Wong & IVlcCuen, 1982
Wood«rd, 1988
Edwards et al.. 1983
Baker & Young, 1984
Karr & Schlosser, 1978
Karr & Schlosscr. 1978
Karr &. Schlosier, 1978
Lowrance et al.. !984
Jacobs & Gillam, 198S
Rhodes et al., 1985
Reuteret al.. !992
Schipper et al., 1989

Vol!utant Removal I%1
Width  m!,'i tdatwnt 8 S
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occurs at about sixty meters of' buff'er width, beyond
which improved reniovat elf'iciency is slight with
incrcascd buffer width. l'or TSS rcntoval, an ap-
proxitnate incrcasc in buffer width by a factor of 3,f!
provides a lA percent increase in removal eff'iciency.
The greater vegetated buffer widths required for
TSS removal, ct»npared to sediment removal, may
he due to smaller-sized particles and a gteater
amount of particulate matter, which in general
rcquircs greater buffer width to be adequatety
remOvCd frOnl SurfaCC water runOft'. As with sedi-

ment removal, the few included forested buffer

vatuc» are high for the removal of TSS f'rom runof'f'.

Removal nf total and nitrate-nitrogen
The removal efficiency ol' vegetated buffers for

nitrogen varies considerably, particularly within the
range of narrow buffer widths. This is very evident
from both Table 4 and Figure 6. Removal efficiency
of nitrogen in anine-meter-wide vegetated buffer
is expected, from the modeled relationship, to be
aboutsixty 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-
crease in buffer 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 el f'iciency.

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
buAer», 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 generally low,
according to the data given in Table 4 and shown in
Figure 7, for all buffer width», The modeled nitrate
removal-to-buffer width relationship 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 only occur given enormous increases in veg-
etated buffer width. lt i» unclear if the low removal

efficiency of nitrate tn vegetated buffers provided
by this model is due to thc data being generally
from grassed buffers, which are often less than ideal
denitrification sites, or if the relationship between

buffer width and nitrate removal is simply inappro-
priate. Considering that nitrate removal predomi-
nantly occurs through biotogicat rather than physi-
cal or chemical ntean», site-specif'ic variables, such
;i» denitrif'ication potential. ntay need to be consid-
ered in order to better estimate nitrate rentoval in
vegetated but'fers.

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 widlhs. Buffer efficiency
increases rapidly to twelve meters of buffer width.
where approximately sixty perce~t phosphorus
removal is achieved. Buff'er efficiency improves
with added buffer width, until approximately eighty
percent removal is achieved in an eighly-five-meter-
wide vegetated buffer, Greater phosphorus removal,
a» 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.C is required to achieve a l0 percent increase in
phosphorus removal,

Although phosphorus is reported to bc typically
bound to sediments. it is generally bound to smaller-
sized sediment particles  Karr and Schlosscr, 1977!.
Since smaller-sized particle» and particulates are
typically not as eAcctively filtered out by vegetated
buffers as coarse-grained sediments, this may resutt
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 vari'able and ~Cattered a» thOse fOr
grassed buffers.

Performance standards
From the values given in Table 4, and the

modeled relationships seen in Figure 4 through
Figure g, an estimated removal standards matrix
was constructed  Table 5!. Other than for nitrate. the
matrix suggest~ 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 expected in buffers of about eighty-five
meters in width. Vegetated buffer widths between
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Figure 4. Relationship of percent
removal to buffer width for the
treatment of sediments contained in
SurfaCe water runoff. An approxin1a e
increase in vcgctatcd buffet v idth hy 0
factor of 3.5 is required  o achieve a 10
percent improvernen  in removal of
sediment. The rnos  efficient vegetated
buffers, based upon width-to-remova!
ratios, will be about 25 meters in wid h,
after which large additions of buff'er
width are required to achieve only small
increases in sediment removal efficiency.
The modeled iinc is: rf removal = [�.6! 3
" In width in meters!! + 55.H]. Data arc
taken from Table 4. [ I meter = 3,2!t feet[

Figure 5. Relationship of percent
removal to buffer width for the treat-
ment of TSS contained in surface water
runoff. An approx ima e increase in
vegetated hutTer wid h by a factor of 3.0 is
required to achieve a 10 percent improve-
ment in removal of TSS. The most etficicnt
vegetated buffers, based upon width-to-
removal ratios, will be about 6 ! meters in
width, after which large additions of buffer
width are required to achieve only small
increases in TSS removal efficiency. The
modeled line is: % removal = [ 8,34 "
!n width in me ers!! + 45.1 [. Data are
taken frotn Table 4. [I meter = 3.'2!t fcct[
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250 and 550 meters will be needed to achieve 90�
99 percent overall pollutant rentovaf effectiveness,

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

5 Wildlife Habitat Protection
For the purposes of this review, the tenn "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 mammals 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 water 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 establishmem of vegetated buffers can be
viewed as one step in maintaining local ecosystems
and promoting regional biodiversity. The following
highlights some of the potential benefits to wildlife
of vegetated buffers, as noted by Groffman et al.
�991 b!;

~ 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 parasi tism

~ Decreased disturbance f'rom neighboring
areas

~ Decreased predation: wider buf fers further
reduce predation

It is dilTicult to be specific about the value to
wildlit'e of vegetated buff'er» as habitat, since the
vegetative makeup of the buffer area will ofte~
determine what species will use it, as well as hov
they use it. The habitat value of vegetated buf'fcrs
for different animal and plant species will also be
determined by width of the buff'er, proximity to
other required habitat types, proximity and density
of' predators and competitors, and proximity of each
organism to others of its species. Furthermore, noise
disturbance from developed or developing areas
affects habitat quality and use. The greater thc
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 around habitat areas in order for them
to he successfully utilized by wildlife. This will be
most critical in areas that are highly developed and
create a lot of disturbance noise, t'or instance.
The value of narrow buffers as habitat will therefore
be directly related to the amount of disturbance they
receive froin 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 presented graphically in Figure 9.
Several authors  for example, Tassone, 1981: Cross,
1985; Triquet et al., 1990; Groffman et al., 1991b!
note that vegetated buffers that are contiguous to
areas of natural vegetation are likely to support, or
be used by, a greater number of species. Even small
vegetated buffers can be enhanced in value by being
close to undisturbed areas that more fully satisfy
species-specific resource requirements.

From thc reported values in Table 6, which
range from 15 to 200 meters, it is difficult to 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 inuch less than that will not
provide adequate space � bird nesting site» for
in s tance � for res i den tspec ies. 8 uffers l ess than 15
meters wide, however, may provide adequate habitat
for the temporary activities. such as resting or
feeding, of bo h resident and transitory species.
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Figure 6.

Figure 7
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Figure 6. Relationship of percent removal
to buffer width for the treatmenl of nitro-
gen contained in surface water runoff.
An approximate increase in vegetated buffer
width hy a factor of 2.6 is required to achieve
a ! 0 percent improvement in removal of
nitrogen. The most efficient vegetated bufl'ers,
based upon width-to-removal ratios, wi! I be
about 60 meters in width, after which large
additions of buffer width are required to
achieve on!y sma!! increases in nitrogen
removal efficiency, The modeled line is; %
removal = [�0.5 " In width in meters!! +
37,4[, Data are taken from Table 4,

! Figure 7. Relationship of percent
removal to buffer width for the treat-
rnent of nitrate contained in surface
water runoff. Unlike the other modeled
poilu ant retnoval-to-buffer width relation-
ships, that for nitrate is suggested to be
inappropriate. Nitrate is typica!ly 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
buffer width. Data are taken from Table 4
[ I meter = 3.28 feet!
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Figure tt. Relationship of percent removal
to buffer width for the treatment of
phosphorus contained in surface water
runoff, An approxi nrue increase in vcge ated
hutfer wid h hy a factor ot '.5 is required to
achieve a I ! percent irnprovcnten  i» re noval
of ph<tsphorus, The ntost et'ticient vegetated
huff'ers, hased upon wi<hh-t<!-removal ratios.
will bc bc ahou  75 mc ers in width. after
which large addi tons of bufter wid h are
required  o achieve only small increases in
phosph<trus rcrnova! ctl ciencv, The modeled
linc is l< removal = [  l0.3" In «idth in
n<eters!! + .t4.1I. Data arc taken front Table 4.
l I <neter = .' .28 feet]
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Table 5. l:sti nated removal standards matri« for speeiftc pollutants as taken from the modeled relationships shown in
Figure 4 through Figure 8 t'or vegetated buffers. In general. greater than 50 percent removal standards can hc met with
vegetated huff'crs about 5 meters wide, The 80 percent removal ca egory general!>  narks the optimal width-to-removal ratio
boundary, above which the <ncrease in removal elficiency for a given increase in buffer v td h is small. l I meter = 3.2   t'ect l



Many studies have determined buffer widths for
wildlif'e habitat by determining species-specific
need» such as those for rare, threatened. or
endangered species and then applying them to
buffer width requirements. Few»tudies, however,
have determined overall needs for multiple-species
use of buffers, and fewer 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 vegetattve makeup, once implemented, will be
used by wildlife.

However, if current paradigms are correct, then
with regard to value of vegetated buff'ers to w ildlile.
bigger is better, and some i» better than none. Large
buffcrs may be required in areas where species
preservation is a major focus of vegetated buffer
development, while smaller buffers may bc 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 patches will provide "island" habitats in the
larger mosaic, The greater the diversity of available
resources, the greater the potential for the long-tenn
survival of the targctcd or intcndcd wildlife species.
as well as for incidental users,

Some caution, however, is noted in a summary
by Groffman et al. �991b! of vegetated buffers as
wildlife habitat. The author» note that sharp con-
trasts between habitat types, such as engineered
buffers, may promote the growth of weed spccics.
The weed species could invade nearby naturalareas,
replacing resident vegetation with opportunistic and
transient species, This was reported by Dillaha et al.
�986a! to be a common problem in vegetated
buffers assessed in the state ol Virginia, Weed
species have been known to invade nearby habitat»,
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 bc
a consideration in the development of small buff'ers
that represent island patches.

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

rather than providing a sharp contra»t between
habitat types. In some case» where no buff'er exist»,
a sharp contrast may be unavoidable, and transient
wildlife may be the major users of thc vegetated
huff'er area. Wider buffer» will provide less contrast.
»incc they wiII produce a larger gradient betwcett
habitat». and will become habitat thcmselve», Some

routine as»cssment and maintenance practices may
be required to maintain habitat value and keep in-
vading species from overtaking implemented buffer».

~ F.rosion and Flood Control

Vegetated buffers employed as erosion controls
are generally applied as best management practice»
to mitigate the off-»ite impact» of development and
construction activities. However. by their very
nature, vegetated buffer» can assist in reducing
erosion even when not specifically designed for that
purpose. Since vegetated buffers slov the velocity
of runoff How, as well as dissipate flow and reduce
channelized flow, they will reduce the probability of
erosional problems downstream of buffer areas.

It wa» previously noted, however, that vegetated
buffers can become clogged with sediment remov ed
from surface water runoff, Vegetated buffer» that are
employed specifically for erosion control � for
instance. to control sediment movement from
construction sites � may need to be rehabilitated
after construction work if they are intended  o
continue functioning as a multiple-use buffer.

Vegetated buffer» 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 to subsurface
watercourses. Vegetated buffers also mitigate
property destruction by maintaining some undevel-
oped land along waterways and keeping developed
or developing areas back from floodwaters, »torm
surges, and extreme high tides.

The capacity of the buf'fer 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 runof'f water. Even

under ideal conditions, the ability of a vegetated
buff'cr to control floodtng vvilf be related to the
water source area, A buffer that is»mall relative to

the water»ourcc area will have only limited ability
to control Hooding. When bul'fer» are applied vi ith a
primary intent of flood contn>I. v. ater-holding
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capacity of the buffer uea w ill need to be deter-
rnined, and proper width applied to the buffcr in
order to store the water received during a given
storni eveiit,

~ Historical and Cultural Preservation

While vegetated buffers 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 American» such as summer
encampments and trading sites � are within 200
f'eet of the coast. The satne tnay be true for other
coastal states. If' so, establishing coastal vegetated
buff'ers can preserve potentially important sites for
future archaeological study.

~ 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 buf'fer
was designed. As noted in Mann �975!, Simeoni
�979!, and Forman and Godron �986!, 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 buff'er attracts wildlife,
such as songbird», visual and biological diversity
arc both enhanced. In areas previously cleared of
vegetation, reestablishing native species can assist
in rebuilding the ~ense of "wilderness" often associ-
ated with coastal expanses, It is this sense of isola-
tion and wilderness that makes coastal regions
attractive to those who visit.

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

5 General Guidelines for Multiple-use
Vegetated Buffers

Although the conditions determining the actual
effectiveness of a multiple-use vegetated buffer will
be of a local and/or site-specific nature, some

general guidelines can be developed for the use of
vegetated buffers, Table 7 provides a generalized
overview of the pollutant removal effectiveness-
take~ 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 eft'ectivcncss
of vegetated buffers for pollutant removal. as well
as for wildlife use, is presented as increasing step»
ol bultei width.

Using the generalized set of buffer widths
presented in Table 7 for developing and implement-
ing a vegetated buffer 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 a 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 buff'er implementation is very
conducive to sediment removal. Sitnilarly. the table
value~ may be too small if the removal of inetals is
the intended effect and the proposed buffer area
overlies impermeable soils on steep siopes,

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
nutrient removal  except for nitrate!. While a
vegetated buffer of this width may not provide good
overall wildlil'e habitat, it may be sufficient to
provide resting and feeding areas for both resident
and migratory species. A five-meter-wide multiple-
use vegetated buffer can be practically imple-
rnented, except in areas of very dense development,
and these exceptions could be reviewed as a vari-
ance to general buffer policy. A five-meter-wide
vegetated buffer could be established as a ininimum
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 should 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-



etatcd bufTcr may bc the acceptable minirnui». This
bul'fer width will also provide minimum general
habitat value. If protection of' habitat f' or significant
species isto lie tile man! purp lsc of the vegetate<i
huf'f'er. then 2 X! meters may be the mininium accept-
able buffer width. This width will also provide
approxiiitatcly 90 percent removal of sediment;md
pollutants. A» minimum buf'fcr width increases. how-
ever, conflict may arise in areas where small-sized
land parcels or extensive development already exist»,

For general-purpose bu fer» that will provide
some value as wildlife habitat, a minimum width of'

15 inctcrs is suggested. A vegetated buffer of thi»
width should bc implemcntable in most areas that
are only modcratcly developed, Vegetated bufTers of
I S meters should provide some water quality
protection for inost waterways  e.g., approximately
60 percent pollutant removal!; will of'fer minimal
wildlife habitat value and greater visual and aes-
thetic appeal; and can provide a natural physical
barrier bctwccn public and private propcrtics.

For areas that are undeveloped, or arc character-
ized by large lot sizes, buffcrs of 50 meter» or more
could be applied to ensure that sonic areas are
providing general wildlife habitat. Buffers of this
width could hc applied to all publicly owned lands,
such a» state parks, recreation area~, and conserva-
tion areas, For areas that are considered critical, or

provide habitat for rare, threatened, or endangered
species, the bufTer width could be extended to 100
meters or inorc to 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 thc regions under their
purviev . and then develop minimum multiple-use
vegetated buffer width» for the goals and use» desired,

8 implementation Approaches to Multiple-
use Vegetated BuNer

One approach to multiple-usc buffer implemen-
tation is applying a fixed vegetated buffer width
along all waterways. For instance, a vegetated
buffer of 2S meters in width could be required
bordering all waterways. This approach. according
to Table 7, would provide approximately 70 percent
overall removal of ~ediment and pollutant~. and
provide minimal general wile}life habitat. Along

m in> areas. however, a 25-meter vegetated buffer
m;iy niake some dcvefopabfe lots unusable due to
site constr;tints, and may not give sensitive re-
sources adequate protection. Shifting the fixed
width to higher or lower values alleviates problems
on one end while creating them at the other. Thi»
approach has many limitations, but has been used by
resource manager» in vegetated bufTer programs.

A variatiiin of the fixed-width vegetated buffer
approach is tha  recommended by the U,S. Forest.
Service in a recently published booklet describing
riparian buffers  see Welsch, 1991!. In this case, a
vcgctated buff'er has a ininiinunt v idth of 28 meters,
and consists of three zone», The zone closest lo thc

water is of a fixed width  five meters! and allows
for no alteration of the buffer, The second, or

middle. zone has a minimum width �7 meters! but
can he expanded based upon local or site � specific
conditions or to achieve a given effect  e.g.. rare
species protection!. I imitcd use. such as sclcctive
harvest of tiinber. may be allowed in this zone of the
bufTer area, The third, or inost inland zone. abuts a
developed or disturbed area and possesses a mini-
mum w idth � meters! that can also be expanded
based on local conditions. This inland zone might
consist of lawn in a residential setting or hay field in
an agricultural setting. This approach alleviates some
problems by allov ing greater buffer widths to be ap-
plied as needed. but still may be restricted in its
applicability in areas where small lot sizes are common.

A further modification of the fixed-width

approach to vegetated buffer implementation is
setting a realistic minimum vegetated buffer width
based upon lot size or land use. A minimum width
could be established for small lot» or high-density
residential areas so thc buf'fer will provide some
benefit for pollutarn rcinoval and/or habitat while
not inordinately restricting use of property. The
minimuin vegetated buffer v.idth could then 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
private or public lands, One example of this ap-
proach is that developed by the ~tate of Rhode Is-
land, which is provided in full detail in Appendix A.

An alternative to a fixed-width vegetated buffer
is a vegetated buffer tailored to each site, using a
model to generate a buffer width based upon a
variety of data, but dependent upon site-specific
conditions, This approach is often data-intensive.
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hut does result in;i given htrff'cr width that v< if 1
hct cr;Ippr<>xirnate a sf>ecitic pert<!rr»ance staftdar<l,
Thc modcle<f approach, h iwevcr, will ottly hc as
gixxl >tx tfte st < specific  fat;t troin which thc»rode l
is run. fligh <fuafity d.tta f<>r use in a nt xkl will
Ol eit be eX f!eris<'VC te.g... time p it toto C !llectittg it h
which may lirrlit its <iveriill pr;ictic; lily for getter;il
uxe in res<iurce m<in;igeine»t programs. I-'urther-
m»n., rn<ixt modeled appr<>aChex <denly Consider O»e
vegetate<1 huff'er benefit � poilu ant removal, 1'<>r
inxtanCe � arid neglec  other potential henct'! tx.
Mitt!y ol' lhc existing huffer delirrcati<ir'I ttt<xfcfs wt.'rc
develop<rd to mitigate conxtruclion irrtpacts,;tnd
theret'ore rnai nol be readily applic;thfe in eslahlixh-
ing mulliple-uxe vegetated buf'ferx in;tlrcady devel-
oped or un<leveloped itfe'tx, 4 f urth .'i Itin>tat<on Io
thc site-xpeCific modeled apprOach ix that regulatory
x aff vs tl1 bc re<fuired  <> delineate vegetated bufferx
on a case-hy-case has!s, which could heciimc  ime
C<!nxumtng. frurthermore. pcrrnit applicants will n >t
he ahl» to incorporate vegetate<I huffcr widths
during the initial design pr<!cehh. This will add c >st
lo all development requiring a permtt,;in<i the cost
will hc horne hy h<>th the permit applicant and lhe
perrni ling <tg>ency.

[!capite i s lin» ;1 i<>r!s, tlie tn<Xfefing,tpproaeh is
ot tc» considCred  he nt<!xt aecuralc and dependahl»
rrieth<id <>1 dclinctitirtg vcgc a ed huf'f'cr widths, tind
is cOntmo»ly used hy rcgul;t ory agencies A strictly
in<xfefc<f;tf>pr<iach, hecause it is hascd s<>lclv uport
"real" dat;t, Ic;ives less r xim for argu»ten  ol' rc-
<fuired f>uf'fcr w'i<llhx tother  h;in whether i!r nol  hc
input <la a or the;tctu;il lnodef ts appr<!prr;ttc!;<md tx
 hcrel<!re gener;<lly vicvved ax more "just! fi thfe."
Since;t strictly n»xfclcd approach iv very "hlack-
and-w, hite," it is geircrally intlexihle. and may limit
I'ull it!!pter!ten a i !r! ol multiple-usc vegetilted
huffrers hi' resource nl;tnagei s. Uvlng a rn<!<fele f
appr<!ach t<! det«rntine huffcr widthx  o achieve a
givcf1 polfutarlt re<11<!val xtaft<fafd. and then Ievrew-
ing the m<xlcled 1>uf'f'er width using best pro 'ehsi<>nal
judgment to achieve other bencf   s  e.g., provision
ol' wildlife hahi atl may provide more ffevihility and
a het er multiple-use vegetated huffer program.

F-;. ch appr<iach l<i lhe;tpplication ol' vegetated
huf'ters as a ri!tinagcntent to<il ht s h<>th go<xi;in<i had
poiiitx. <tn f it v ill hc «p to th» implcittcn ingr auth<!r-
i y l<> dclcrnline wh.tt  ra<le-olfs are th» m<ist rcason-
ahle ar!d thc nu!s  acccp ahle.   <!Xtx;tnd hcnet'i x
will have lo he weighed and exantined in ligh  of the



uncertainty, restrictions, and flexibility inherent in
each of the diffcrcn ;tpproaches.

The "Ideal" Buffer

Although it i» not possible  o develop a "one
best' vegeta ed buffer flnr all purposes, i  i» possible
to describe the components of an "ideal- vegetated
buffer for multiple usc. If the vege ated buffer is
intended to reduce pollutant inpu s 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 vegetated buff'ers that will pcrfortn within
expectations and provide the rcsul s for which they
were established.

Contour

The ideal multiple-use vegetated buflcr f' or the
removal of pollutants, regardless of width, would be
relatively flat in contour in order  o promote ~hallow
sheet Aow through the buff'er. 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 gulticd or channelized areas within it.
Similarly, the landscape surrounding and leading
into the buffer would not promote channelized flow
into the buff'er area, and would have adequate
vegetation or engineered design to reduce sedimen-
tation at the leading edge of the buffer zone, Fngi-
neered designs might include the installation of
levelspreaders, 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.

Vegeradon
Ideally, 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 thc 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

canopy. Wherever possible, wetlands � both
coastal and inland � would be incorporated into the
buffer ttrea. These areas mos  of en provide  he
conditions that are conducive to denitrification, as
well as often providing valuable habi at. Further-
more. upland buffcrs vsould be designated around
wetland areas to provide habitat lor the ntany
animal» that use wetlands as feeding and f'oraging
areas hut rely upon the upland~ for breeding sites
and refuge from predators,

Vegetation specie» growing in the buffer would
be native, or species that are known to grow in
similar habita  and climate. Ornamental species may
be appropriate, provided they will not exclude or
outcotnpe e native species. Many state agencies or
nongovernmental organ i zat ion s � land trusts,
universities, and botanical socie ies � have put
 ogether p;trnphlets that list and describe plant
species native to a region. These publications would
be consulted when planning a vegetated buA'er to
best ensure an indigenous cover within the buffer
area, This is importan  for en~uring the longevity of
the vegetation in the buf'fer. for providing adequate
cover and forage for resident species, and for
preventing problems associated with invasion~ of
nonnative species.

To provide greatest value to 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 buf'fer would be as randomly
distributed as possible woody vege alton inter-
spersed wi h areas of grass to provide increased
diversity within the buffer habitat landscape. Veg-
etation of vartous heights and canopy thickness
would provide thc greatest diver~ity to avian wild-
life, and would promote use by the greatest diversity
of bird~, as wella» other fauna. Some bird species
� herons and osprey, for example � require large
tree~ as nesting sites, and providing some large trees
in the vegetated buffer would promote the nesting
activitie» of these and other species,

For aesthetic appeal. a mix of' vegetation would
provide visual diversity, Although some tall tree~
within the buffer area v ould be kept to provide
canopy habitat. short trees and brush would be
dispersed throughout the buffer to allow water
views from areas Iandvvard of the lead 'ng edge of
the buffer, Ba~ed upon vegetation type and pollutant
uptake rates, the buffer area would be determined to



remove a given portion of those pollutants of
concern, and then aesthetically tlt 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 area». Designating
vegetated 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 buffer is useful as a reference or goal
during design and implementation phases. lt 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 becotnes, the more
closely it will serve its intended purpose and pro-
vide the anticipated results.
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III. Use of Vegetated Buffers in
the Coastal Zone

~ Application and Approitch
Vegetated buff'er» hold the promise ot being an

effective multiple-use management tool for sustain-
ing the diverse uses o  the coastal zone, The range
of multiple-use vegetated bu Tcr widths, five to 2 �
meters  or more; see Table 7!, provides resource
managers with a set of tools that can be applied
according to developmental conditions along the
coa~t. It also allows flexibility with regard to pur-
pose and use of the multiple-usc vegetated buffer
area. Adopting some form of' vcgctated 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,
hand 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,
promote flood and erosion control, and provide a
visual and physical transition zone between public
and private coastal propertie~. Development of such
a program is realistic. equitable, and feasible.

A coastal zone buffer policy can be readily
established using a variety of available resource».
U,S, Geological Survey topographic map», town
zoning maps, aerial photographic survey results, or
Geographical Information System»  GIS! databases
can readily be used to interpret conditions along the
coast, and then to establish vegetated buffer widths
for a given region. Habitat for rare, threatened, or
endangered species; areas particularly prone to
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
coastal 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 estirnatc annual removal rates for a given

area of vegetated buft'er. If estimates of pollutant
input to the vegetated butler can he arrived at ��
through nonpotnt soui'ce loading tnodefs. fol' lli-
~tance an estimate of removal ef'ficiency c.in he
obtained f' or a given buffer area. Given the rapidity
of thc growth aiui sophisticiltion ol'norlpoint soulce
loading model» and computerized geographic
inf'ormation systems, it is not unrealistic to imagine
calculating pollutant loading» to the coastaf zone,
lociiting sensitive habitat areas or especially scenic
or otherwise "special" area~, deterininin ~ the
vegetated buffer area required to provide expected
benefits, and then de~igning the location. extent, and
configuration ol' the vegetated buffer,

Some coastal areas. sui'.h as historical seaports
and coastal village~. gain much of' their charm and
ambiance by their location directly on the water. Iri
such instance~. a vegetated buAer 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 and hoss to imple-
ment the vegetated buffer program.

8 Public Perception
lt is important to acknowledge tha  humans arc a

species that utilize» the coastal zone for a varicl! of
purposes, This must be not only considered, but
incorporated into vegetated huffer 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 «nd

resistance, which could potentially be great enough
to force the abandonment of the usc of this impor-
tant management tool for preserving and pro ecting
coastal resources.

Establishing a program that utilizes vegetated
buffers for multiple use pollution control, wild-
life habitat, scenic improvement would help in
making the program more appealing to a wider aud-
ience. Furthermore. a multiple-use approach to a
coastal vegetated buffer program would make  hc
results of its implementation more "real" in the eyes
of many. Increased scenic improvement, or greater
wildlife sightmgs. are both very tangible, very visi-
ble, and very real public "benefits" of a multiple-use
buffer program. Certainly they are more tangible
than increased pollutant removal. which is o tcn in-



visible to, and mi»under»to<xi by, thc general public,
The ideal hul fcr prograin. however, woultl bc

<itic that 1.'i ilcccptablc to the lilrldowfici wllo t!i bc<rig
re<fuc»ted t<i "doriatc" tlie I'ringe ot' coa»tal acreage
f<ir thc benefit <it the public. Certainly the private
I;indowner will garner»oine hcnel'it I'r«in the pro-
grani � incrca»cd wtldlif'<.' »ightings «n<l thc prc»-
ence of a natural liarrier between hi» personal l;ind»
and th<isc ol' thc public, for in»tancc � hut resent-
ment due to land u»c liniitation» i» ol'tcn f'clt hy
private landowners. Given»<ime leeway for nianipu-
lation ind u»c ot the buff'er area, mo»t land<iwner»
will feel Ie»» threatened by the program'» inl'ringing
up<in their rights ol <iwnership and u»c.

~ Management ant} Maintenance
Regulatory agcncie»»hould develop a vcgeuited

buffer use, maintenance, and management fxioklet
that outlines to abutting lan<lowner» what is pcrmi»-
sible within the buffer, infomtati<in source» for the
proper maintenance and management of the buffer
area, and a calendar and schedule of recommended
or re<fuired maintenance procedure». An as»e»»ment
of implemented buffer» by Castelfc et al. �992!
reported that 95 percent of the a»ses»ed bufters
»bowed sign» of alteration after their implementa-
tion, In all ca»es where the buf'I'er wa» part <>I a
residential lot, the buffer wa» eventually replaced
with lawn hy the homeowner. Thc author» suggest
that a lack <il clear use and management objective»
for the buffer. as well a» a lack ol' 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 long way toward helping landowner.
under»tand why the buffer» were e»tahlished and
how landowners can use and maintain these area».
This t» supported by the findings of Castelle et al.
�992h who note that buffer» on the property of
landowner» who understo<xl the purpose of the
buffer» were less affected by homeowner manipula-
tion and impact than those buffer» on property of'
landowners who had little or no understanding of
bu ffer purpose.

The management of coa»tal zone multiple-usc
vegetated buffer» will need to balance landowners'
rights to use of their property with maintenance of
the purpose for which the buffer wa» originally
implemented. Winding trails and footpaths would be
allowed within the vegetated but'fer to provide

acce»» to tltc water'» edge, and the trail» v<«ul<f bc
checked <I<id mi<lflliililc<'I oii il rug<if<<I hil»i» f<ir
er<1»i<in of pf<!ill<i ion «I chanttcfized flow <br<nigh
the buff<.'r area. A» <iccasi<inal picnic t;ihle. garcbo.
or siltii lal ll»c»trucl lire tnt ghl he sultiihle 0 <itiiri
»<iinc v<'gct,'<ted b<lffcrs, provided it pr<!lnolcs
neither;i l«»s of eff'<.ctivene»» n<ir overu»e ot' the
huf'fer as a travel zoiie to tin<1 from th»»tructurc.
Areas that have buffer» estahli»hed to protect critical
habitat <ir signific;mt wildlife may not be»uitahlc
f'<ir any manipul;ition for recreational u»c. Such
In;inlpul;itl<	1 Pilaf hilvc I<i be asse»»ed <in a c;i»e-by-
casc basi» iri order to ensure that  hc origirial intent
for which the but'fcr wa» e»tahlished is not ~e<ipar-
dl/ed. Appeii<.'fix 8 provide» an exalnple of <I iiiul-
tiple-u»e vegetated huf fcr nianagement and mainte-
narice progriiin. This example i» taken from thc
Rh<idc I»land C<iastal Re»ource» Managenieri!
Prograrii   . RMP!. and was developed to co<nple-
ment the vegetated buffer p<iiicies lor the»tate <if
Rh<xfe l»land CRMP  Appendix A!,

All w<xidy-stemmed species of vegetation
wouM be pruned arid trimmed on a»chedule t<i pr<i-
mote vigorou» gr<iwth and utilization <if nutrient».
A» trees and bru»h mature, or a» individual plant»
»uccumb to n;itural causes. selective harve»ting
would maintain a vigorou»ly growing and diver»e
plant coinmunity. Leaf litter rind other organic dcbri».
pr<ividing  hat it does not prc»ent a hazard or liinit
<ither intended use» <!f the buffer area, would not he
removed from the huff'er area. The breakdown of

leaf litter provide» a natural »ource of carbo<i lo Ihe
soil layer. which is one re<luirement f<>r the pr<x:e'is
<if dcnitrificiition. Con»idering that c<ia»tal wat r»
are generally nitrogen-sensitive, and nitrate i» a
readily u»able form of nitrogen in marrne v ater», the
promotion ol' denitrif ication in coastal zone veg-
etated buffer»»hould bc considered a priority. Gra»»
clippings may or may not be removed trom the buf'-
fer area, and worn <ir thin spots may be over»ceded.
Although neither fertilization nor watering of the
buffer area would be needed a» a regular maintenance
activity, either or both might be appropriate in estab-
li»hing new buffer area» or re»toring exi»ting one»,

8 An I'.xatnplet Rhode 1»land's Coastal
Buffer Program

An example of multiple-u»e vegetated butter
policies that have been developed for use in the
coa»tal zone of Rhode Island is provided in Appen-



dix A. It applies various-sized. fixed-width veg-
etated huffers, based on the summary given in Table
7, for residential lands: a fixed-widlh buftcr on areas
of concern or signilicance; and a case-hy-case
approach to other development, such as industrial,
residential subdivisions, and comnlercial uses.

The Rhode Island example insti utes vegetated
bull'ers along the entire coastline of the stale, while
taking into consideration land parcel size and
existing coastal development patterns. 'I'he progrant
strives to strike a balance between land use by the
homeowner and protection of coastal resources, The
widths of the established buffcrs are determined

according to lot size and Coastal Resources Man-
agement Council  CRMC! water type. The CRMC
water type is a destgnation of the predominant use
of coastal waters  i,e� I-Conservation Areas; II-Low
Intensity Boating; III-High Intensity Usc; IV-
Multipurpose Waters; V-Commercial and Recre-
ational Harbors; VI-Industria! Waterfronts and
Commercial Navigation Channels!. Special mea-
sures  e.g., wider buffers! are applied along areas
that are considered critical or sensitive, such a»
wetlands or habitat that is used by rare, threatened,
or endangered species,

The vegetated buffer policies and regulations
are limited to residential area»  existing and infill!
and allow for limited 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 Ainal 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 Island vegetated buAer program was
developed to 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 pollutant
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, a program was developed that
balances the landowner»' rights and the CRMC's
mandate to "preserve, protect, and where possible,
restore ecological systems." Narrow buffer widths

are applied on small lots so as not to cause the lots
to become unusable, and with the realization that

pollutant removal will be limited and habitat value
minor. A» lot size increases, wider buffers arc

implemented. increasing their value for pollulant
removal, wildlife hahital. and visual appeal.

In all cases. «nd for all lot sizes, wider bulTers

are implemented where they border water~ whose
prim;iry use has been designated Type I � Conser-
vation. or Type II � Low Intensity Boating. The
reasoning i» that these types of waters require a
higher degree of protection and preservation in or-
der to maintain their designated primary uses. Wider
buffer widlhs are also applied when the area receiv-
ing the bufter abuts an area of critical concern. special
significance. or scenic or historical importance.

The actual regulatory program, as adopted by
the state of Rhode Island, is included in Appendix A
exactly as it appears in the slate'» regulator> coastal
program documentation. Appendix B includes a
complementary vegetated buffer maintenance and
management document created as part of the veg-
etated buffer program implemented by the Rhode
Island CRMC.

~ State Coastal Buffer Programs:
A Summary

This review of coastal state~' programs, poli-
cies, and/or regulations that could he used to estab-
lish vegetated buffers along the coastal zone con-
cems itself only with those that are a part of lhe
states' Coastal Zone Management Programs. Poli-
cies and regulations applied by other state agencies
are mentioned when the state CZMP defaults 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 itsell to a
description of those states bordering saltwater
coast lines,

Table 8 provides an overview and summary of
the differences among states' policies. regulations.
and requirements for the establtshment of vegetated
buffers along the coastal zone. A similar dcscrip ion
of state buffer policies has been put together in
Castelle el al. �992!, but pertains strictly to wet-
lands and buffers around wetland~. Reader~ with a

particular interest in wetlands may v. ant to review
that document. The program descriptions given here



;ire based on a review of publi»hed state program»
and/or discussions with state agency personnel. Any
error», omissions, or misinterpretation» are those ol
the authors.

Of thc twenty-three state program» reviewed,
four had buffer program» applying to thc entire
coa»tal zone a» an element of their state coastal zone
management prograins. Two other states had buffer
elements that pertained only to a certain portio~ ot'
their coastal zone. Nearly all state» had some fortn
of mitigation procedure that could he applied during
the permitting process to establi»h vegetated buffer»
in the coa»tal zone, Construction or septic system
setbacks, which could be used to e»tablish vegetated
buffer», 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
possibility of no buffer!. This represents a range of
buffer effectiveness  from Table 7! from fifty
percent pollutant removal and poor habitat 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
along the shoreline areas immediately on the Gulf
Coast; it does not include back bays and cove».
The application of the 40-foot setback is meant to
protect beach dune systems and is measured
from the dune credit. Vegetated buffers may be estab-
lished through local zoning regulations of coastal
districts but are not a requirement of the state
coastal zone program.

Alaska

ln the state of Alaska, separate requirements for
coastal vegetated buffer areas may be established
through local government mandate» for each re-
gional borough. Regulations exist that require

leaving vegetation along coastal areas being logged,
but thc actual vegetated width preserved i» deter-
mined on;i c;i»e-by-case basis. On «ity- and slate-
owned I;ind». a l �-foot no-cut zone i» required,
while on private property there is a 66-foot no-cut
zone. Thi» relates to timber harvest areas only. and
as noted above. is subject to modification on a ca»e-
by-ca»e ba»i», Vo statewide coastal zone program
buftcr requirement currently exists.

California

The»tate of California buffer program focuse»
on wetland habitat protection. The program require»
a ininimum 100-foot buffer around coastal wetlands,
with additional width required if adjacent land~ are
biologically significant, if sensitive wildlife inhabit
the buffer. if the area is highly susceptible to ero-
sion, or if proposed development poses significant
potential impact. The I I0-foot buffer. however, is
used as guidance only, and may be negotiated on a
case-by-case basis, Buffer regulation~ may exist at
local levels of government, and may be more or les»
stringent than the l00-foot buffer guideline sug-
gested by the state coastal program. Vegetated
buffers may be applied to riparian areas when
coastal program jurisdiction is exlended 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 area» but has no statewide requiremeins.
lmplementaliOn Of vegetated buf'ferS Or COnztruction
setbacks along the coast may occur through zoning
regulations and requirements at local levels of gov-
emmcnt, Construction setbacks that do exist in local
zoning ordinances may vary by town throughout the
coastal zone of the state. New vegetated buffer
policies 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 buffer» in the coastal zone is not a re-
quirement of the coastal zone management program
but may occur at the local level, according to local
zoning regulation». State CZMP staff may require
the establishment of a vegetated buffer during the



Table ft. A listing of buffer and setback widths that coastal states have established through their coastal zone tnanage-
ment programs. Vl denotes the wid h is mandated. while R denotes that the width is recommended onl>. l 1 toot = 0.305 meters l

'Setback Width is atua t. ommentsBuffer Width Yilatus'State
0 r; Applies to  iulf

t. oust oltl1
Primarily 1'or dune protection and

preservation
A labor»a

App!ies only to timber harvest
opelatlolls

100 cityA!are !itnds:
fih' private propcny

Alaska

I X!' around wetlands Mainly for hahitat preservation
Through local ordiitunces

  utifornia
Connect i cut

5 r !rom ineini high
v. ater inark

A!so through local ordinances

Through local ordinances

Delaware

Florida
No CZMP at presentGeol gl a

Hawiiii 00' t'rom shoreward
vegetation line; Z !' if

hardship shown

Applies to all is!ands in the
Hav inian islands group

Through local ordinancesLOll is I alta
Maine Also has a buffer manugcrncnt

program
7S' a!Ong entire Coast;

SO alung sei1sltiVe
wetland areas

Case-hy-case on non-Chesapeake Bay
shores

100' along Chesapeake
Bav shore

Mary land

ln process of deve lopmemVlassiichusc Its
Rarely; case-by-caseMiss I as ippi

The definition ot wetlands includes
the entire NH coast

100' along wetlandsNcw
Hampshire

Only along sensitive areas; loca!
zoning supersedes state

0-3 X!' on a case-b> -case
basis

New Jersey

Vegetation not required in the
sethack

75' from v'et!ands 1 a0'
in New York City' !

'New York

Vegetation not required in buffer

Through local ordinances

30' amund significant
walel s

hlorth
Can1! t i!a
t!rcgon

New huffer program heiiig
rev ieweil

50' 1'roni the coastal
lea ure

0-20fr on a case-hy-case
basis

Rhode ts!und

Only applicable in coastal
dunes; vegetation not required

South Carolina Variable, according to
erosiona! rates

Ci'lv!P being developedTexas
Virginia Nnt required along other siate

coastal areas
1 xr a!ong Chesapeake

Bay shore
Through! oca 1 ordinancesWashington

permitting process on a case � by � case basis. Furlher-
rnore, a 50-foot construction setback from the edge
of a water 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 stabilization as a first choice during the permit-
ting process. Rip-rap or other engineered shore! ine
stabilization structures may he allowed 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.

Florida

In the state of Florida. vegetated buffer» may be
established in the coastal zone as part of the permit-
ting process on a case-by-case basis, or as mitiga-
tron requiretnents due to proposed development
impacts. Furthermore, requirements for vegetated
buffers may exist at local levels of government
through implementation of construction setback
regulations i' or dcvclopmcnt along the coast, State-
rnandated setback» in the coastal zone relate only to
requirements for the setback of septic systems from
coastal wetlands.



Georgia
Thc 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 buffer» 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 regulation»
within the state coastal zone program to establish
vegetated buffers along the coast. For all of the
Hawaiian island group, a 40-foot shorelme setback
is required, beginning at the shoreward edge of the
coastal vegetation line and extending inland. The
buffer is generally r'ntended 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
permitting process. When established, buffers are
used to protect significant habitat or resources by
moving development activities away from the
resource to a region of rnirumal 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 mandates a 75-foot minimum vegetated
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

years, Pruning and other maintenance procedures
are allowed, but complete renioval of gritsses or
understory in the bul'f'er is prohibited. A vegetated
buffer 250 feet wide is required along areas border-
ing sensitive wetland». The larger buffer width is
implemented to provide added protection to wild-
life. especially waterfowl. while the minimum
buffer width of 7S feet i» impletnented for protec-
tion of water quality and visual appeal,

The buffer applies to new construction only. and
preexisting lots are exempt I'rom the 7S-foot buff'er
requirement. Preexisting lots may not expand by
greater than 30 percent, may not expand tov ard 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 to promote the establishment of vegetated
buffers along the coast, and buffer» may be required
on a case-by-case basis, particularly around wetland
areas. As part of the Chesapeake Bay Program. all
land l 000 feet inland of the shoreline of the Chesa-
peake Bay and its tributaries is subject to a 100-foot
buffer requirement, The buffer requirement may be
waived if "good conservation practices" are em-
ployed at the shoreline site, Furthermore, the buffer
requirement i» only applicable to new developinent
� existing development and previously platted 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 plantirig and preservation of vegetated
areas. Vegetation within the buffers along the coa~t
has focused on grass species, while woody�
stemmed species have received greater emphasis
a! ong tidal tributaries.

Plummer �993! provides a more comprehen-
sive review of Maryland buffer policics and regula-
tions. as well as a review of impletnentation within
the coastal zone program.
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Massachusetts

The state of Massachusetts coastal zone pro-
grarn does not currently have policies or regulations
that establish vegetated buffers along the coast.
Establishment of vegetated buffer 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 to the coast.

Jersey huft'er 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
buAer 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 parr ot the program mandate,

Through the regulatory program of the Depart-
rnent of Conservation. a construction setback

regulation exists that may establish vegetated buffer
areas. The regulations require a setback from
wetland areas of 75 feet �0 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.

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 potentiai 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 buAer 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 to be
consistent with state coastal zone policy. Plummer
�993! provides a more detailed review of New

North Carolina

fn 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 �989d! reviews some local-level buffer
requirements in North Carolina.

Oregon
The state of Oregon has several statewide

policies that require local governing bodies to be
consistent in their planning and zoning efforts.
Statewide policies to preserve and protect signifi-
cant coastal habitats, cultural and historic resources.
and scenic qualities may result in the establishment
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 buffers,

Rhode island
The state o  Rhode island coastal zone program

has a policy for the establishment of vegetated
buffcrs, hut it is implemented on a case-by-case
basis under the purview of'program staff'. When
applied, the buffer is rncasured from the inland edge
of the coastal feature  as defined by the program!,
with buffer 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 1sland 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
ln 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 setback width is
determined by erosional rates, and although veg-
etated buffers could he estabhshed within the
coastal setback, the focus of the program is to
regulate activity in the setback area rather than to
establish it as a buffer area. The overall intent of the
setback is to protect property hy 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

program deal with the concept of vegetated  and
nonvegctated! huffers,

Virginia
The state ol Virginia has a buffer program

applicablc to 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 accorn-
plished on a 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 to 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 SO-foot vegetated
buffer remaining along the shoreline  except for
agricultural uses!,

Water-dependent uses such as rnarinas 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
agricultural purposes, provided that a management
plan has been developed and is actively being
implemented. Plummer �993! 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 is required to develop its own master plans and
zoning ordinances, which may, but are not required
to, include regulations for the establishment of
vegetated buffers at a local level.





IV. Selected Bibliography

Thi» bibliography represents a search of lhe
literature lor works that relate to vegetated huffers.
The selected bibliography presents <t wide range of
subjects, ranging from pollutant removal research to
the aesthetic and scenic value o  vegetated buffers.
The selected works are definitely biased towards
research oit pollutant removal efficiency ol veg-
etated buffers, The reason for this is twofold:  I ! the
bulk of the published literature is the results of
research with lhis a» their focus, and �! in light of
the recent emphasis on control of nonpoint source
pollutants, this porlion of the literature is extremely
valuable in pursuing the use of vegetated bull'ers as
a nonpoint source control mechanism. However,
the selected references presented here represent a
reasonable introduction to thc 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!. Thi» biblrography
is specific to the literature regarding forested buff-
ers, and is indexed according to the parameters
researched in each citation given. Thc bibliography
also contain» references culled from international

sources, and provides a robusl compendium of
research in forested buffers,
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Appendix A
The Rhode Island Coastal Zone

BuA'er Program

Adopted Aprii 1994, RI CRMP
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Amend Section 140. C to read ai tnllov,i:

"C. Se backi iha! I es end a minimum dii ance ol'eiiher
fifty  Srt!! feet from the inland boundary nt' the coaital feature
or twenty-f'ivc�5! feet inland of  he edge ot a Coaital Butter
Zone, whichever ii further landward. !n areas designated by
the Council ai Critical Err>sion Areasg Table 2!, the minimum
dii ance ot thc ictbacl shall be nnt leii than 3 !  irnei thc
ca!culated average annua! eroiion rate for leii than t'nur
dwelhng units and not less than 60 timei the ca!culated
average annual erosion rate fnr projecti propoiing more than 4
dwelling i unit s.

SECTION 150 COASTAL Bl JFFFR ZOIVLS

A, Definirion
I. A Coastal Buffer Zone ii a land area ad!acelit to a

Shoreline  Coas at! Feature that i», or will be. vegeta ed wi h
native ihoreline ipecies and which acti as a natural transition
zone between the coast and adjacent upland development. A
Coai al Buffer Zone ditferi from a c<mitruction ie back
 Section l40! in that the ictback es abliihei a minimum
diitance bc ween a ihore!ine fea ure and conitruction activi-
tiei. while a buffer zone ei ab! iihci a na ural area adjacent to a
shore!inc feature that muit be retained in, or reitored to, a
natural vegetative cnnditinn  f igurc 2!. The Coastal Bu!Ter
Zone ii generaily contained within thc ci abliihed construc-
tion se back.

Figure 2 An ekamp!e of the application of a COaStal
Buffer Zone.
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B. Findings
1. The estab;ishrnent of Coastal Buff'er Zones is based

upon the CRMC'i legislative mandate to preserve, protect and,
where posiible, restore ecological systems.

Vegc a cd butter zonci h;ivc beer  applied i<v brit
iiianagei»ent !iraC ieei v, i hin the fields iif tore itri aiid
agri< ul turn since  hc 1 95  s to priit«c  in-i rc<«n h <fr i :its ! riii»
dcgrad'  liat lr> 1hi: Illpu ol ii.'diilli'rl  illlil !1 ! ficll s �>eshiirilici
ct al t<!<�!. Morc recently, vcge a cd buffer r<rnev h,ivc g,iincd
popularity ai a bci  rnanagerncnt priv:tice I'or thc conrriil anil
iibitleiiiel11 ol 11<inpninl in  tee poilu it<i i  Cori iiriillliiicd lull<i!	
and are niulinely applied in bo li engineered and na ur<il
iettingi  Deibonnet et al !<1<!.t: EPA I<!<�!.

3. Coaital ButTer Zonei provide muliiplc iiiei iiiiil
multiple banc i i  o hoic areas v,here tliey tire iipplicd
{Dcibonnet et al ! <!<�!, The multiple uiei anti bencli i ol
Coaital Buff'er Zonei include:

 al Prrrre< ririn <>f Bi<ter grrrdrrv: BufTcr tones along 1he
perime er of cuai al v ater b<i<frcs can bc effective ll'I trapplrlg
icdimen i, pollutant~  including oii, detergents. peiticidei.
herbicidei. iniec icidei, wood prciervativ«i and iithcr
domeitic chemicals!. and abiorb ng nu rien i  par icularly
ni rogcn! from surface v'ater runot'tand groundwa er t1ov,.
lhe efteCtiveneiS nf vegetated bufferi ai a bait m,in;igeincii 
practice f' or the contrn! of nimpoint source runoff ii <tcpcndent
upon  hcir ability to reduce the ve!<reit> of runoff ll<iw io,iliiiv
for thc deposition of iedirnenti, and the ti! ration and bi<iliigi-
cal rernnval of nutrienti v'tthin  hc vegc ated arc:r. !ii gun<.riil.
the effcetivenesS Ot'any vegeteded butter ii re!ated O  i width.
i! ipe. ioil  ype, and reiiden  species of vegcta inn. Ff lee ivc
butfcri tor nonpoin  source p<i!!ation coritro!. v< liich rcmoi c at
least 51!o<, and up to 99<J, of ie<1imeriti and riutricnti cn ering
them, range fram I C feet to QX! feet in v idth.

The remova! of pollutants cari be ot' particular irnpor1ance
in areas <tbutting poorly Bushed ei uariei thar are rhrca1encd
by an or<cess of nutrients or arc contaminated bi runoft' v,<der.
iuch as the South Shore Salt Pondi and lie <!arro«River.
1 arge. v:ell flushed v:a er bndiei, iuch ai rs<arragansc   B,i>.
are alio suiceptible tn nonpoin  iourcc p<illu ant inpuii, an<1
can be ieverely impac ed by nonpoiiit s<rurce pollutant i ui has
been doc omen cd in itudiei completed for thc varraganieit
Bay Pro!ect.

tb! Prrrr<'<'ri«n vf Cons i<I H<diirrrr: C<iastal Buffer Zonei
provide habi at for na ive plants and unimali. Ve e ation
v ithin a buffer a<me provides ciiv er troin preda ion and
climate, and habitat fnr nei1 ng and feeding h> rciidcii  and
migratory ipeciei. Sornc ipecrei v,hich uie coai iil hiifter
zonei are now relatively uncommon, v.hite o hcri are coniid-
ered rare. threa cncd or endangered. Theic p!an s and ariimals
are eisen ial to the preiervation of' Rhndc !iland'i valuable
coastal ecoivs em,

Thc c fee iveness of vegeta cd bufferi ai v< ildlile habi at
is dependent upon buf'fer v,idth and iegelation tvpe. !n
general the wider the buffer the greater iti value ai vv i!ditto
habi at. Larger buffer widthi arc typical!i needed tor vpecici
that are mnre seniitivc lo diilurhancei  e.g.. noise i. Further-
more, those bufferi that poiieii vege a inn nail< c  o  he 'ilei
provide more v;i!uahle habi at for ius aining residen  ipccie .
A diveriiiy of plant ipecici and  v pci lc.g.. grasses. shrubs
and trcci! promotei biodiveriit> v i hin the hut't'cr arc.i. and th<'
region overall.
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 c! Prote< <ion of SCent'< «>rd.4exth<ti< Czr«riity: Orle Of
 he primary gaa!s of thc Council is  o preserve. protect, and
where possible restore the scentc value of the coastal region in
order to retain the visual drvcrsi y and unique visual charat tcr
of thc Rhode Island coast as scen hy hundreds of thousands of
residents and tourists each year frotn boats. bridges. and such
vantage points as roadways, public parks, und pub!ic beaches
 Seclton 330!, Coastal Bufter Zones enhance and protect
Rhode Island's scenic and visual aesthetic resources ah>na the
coast. Ctvastal huffers also preserve the natural character of
the shoreline, while mrtigating the visual impacts of coastal
development. Visual diversity provides for both contrast and
relief between the coas a!and inland regions. leading to
greater aesthetic value ol' the landscape,

 d! Frosi<>rr Controi: Coastal Buft'er Zones provide a
natural  ransttion zone betv een the Open cOast, shore!me
featureS and upland development. Natural vegetation wi hln a
Coastal Buffer Zone helps to stabilize the soil, reduces  he
velocity of surface water runoff, reduces erosion of thc soil hy
spreading runoff water over a wide area, and promotes
absorption and tnfiltration through  he detrital  !eaf! layer and
underlying soils. The extensive root zones often associated
with buffer zone vegetation also help prcvcnt excessive
shoreline eros an during coastal storm events by stabilizing
underlying soils,

 e! Flo<rd C<rnrroi: Coastal ButTer Zones aid in flood
control by reducing  he velocity of runoff and by encouraging
int titration of precipitation and runotT into the ground rather
than allowing runoff to f!ow overland and flood low lying
areas. In addition, Coastal Buffer Zones often occupy lhe
Hood plain i self and thus add to coastal flood protection.

 f! Protection of Histori < arrd Ar < kaeologi<oi Resources:
Coastal Buffer Zones protect areas of cultural and hrstoric
importance such as archaeological sites by helping prevent
intrusion while protecting the sites' natura! surroundings.

I The establishment of a Coastal Buffer Zone is based
upon lhe CRMC's legislative mandate to preserve, protect and.
where possible, re~tore ecological systems. The determination
of the in!and boundary of the Coasta! Buffer Zone must
balance this mandate with  he property owner's rights to
develop and use the property,

2. The Council shall require Coastal Buffer Zones in
accordance with the requirements of  his section for the
following: a! new residential development; b! commercia! and
industrial development; c! activities subject to Section 300.g
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 R IDEM requires the tnodiircalion ar
expansron of an existing septic system or when the footprint of
the structure is expanded.

3. The vegetation within a buffer zone must bc either
retained in a natural, undisturbed condition, or properly

managed in accordance w ith  he standards contained in this
section. In cases «herc na»ve Hara  vegctati<m! does not ex st
within a buffer zone, the Council mav require res oral>on
cft'orts which inc!udc, but arc no  limited to. replanting the
f. oastal Buffer lone v:ith native plant species.

4. Coastal Buffer Zt>nes shall remain covered v, ith native
flora and in an undisturbed s alc in order to promote the
Counct!'s goal of presers ing. protecting, and restoring
ecological sys cms. However,  hc Council may permit minor
alteration~ to Coasta! Buffer Zones that l'aciirtutc thc continued
enjoyment ol' Rhode Island's coastal resources. All a!tera tons
ta Cons al Buft'er Zones or ultera ions to the natural vege ation
tr.e.. areaS nOt preven ly maintained in a landscaped condit On!
wr hin the Caunc!I's jurisdiction shall be conducted in
accordance with the standards contained in this section as well
as all other applrcable policies and standards of the Council.
In order to ensure compliance with these requirements. the
Council may require applicants to suhtnil a Buffer Zone
Management Plan

Table 2a.
Coastal Suffer Zone designations for residential
development.

S. In order to enhance conservation, protect water quahty.
and maintain the low intensity use characteristic of Type I and
2 waters, greater buffer widths sha!l be applied along the
coas linc ahu ting these water  ypes.

6. In critical areas and when the property owner o«ns
adjoining lots, these lots shall be considered as one lot for thc
purposes of applying the vaiues contained m Table 2a and
ensuring that the appropriate buffer zone is established

1. All Coastal Buffer Zones shal! be measured from the
inland edge of the most inland Shoreline  Coas a! ! Feature.

2. f oostui Buffer Zone Requirements i<n itic«Rctrdentrul
Deteioprnent: The ntinimum COaS al Buffer ZOnC require-
menls for new restdential development bordering Rhode
Island'5 shore! ine are contained in Table 2a. Thc Coastal
Buffer Zone requirements are based upon the size of the lot
and  he CRMC'5 designated Water Types  Type I � Type 6!.
Where the buffer zone requirements no cd above cannot be



mct. 1hc:ipplicarlt tiiay rcqiicsl,i variaiicc iri .li curit.iiii c w ilh
Scctuin I2 t A >anaricc  i> xttq ot thc rcqiiircil hiif ter >s«t t>
1'<lay hc gr. ntcd;id lilt»sir > <> cl> hy  lie li xci utli e I!<r<x tor il
tlic;il>PI<can  has ia <> <cd the hilrdctls ill Pn>iil 1 il ttlc gri>lit«>g
iif a vari'itive. Wlicrc 1'I ls dc eit'lE>tied  tl.'1   lie,ippllcall  h'<s
i«it >a >st ied thc hurdcns ii  pt<x>I, iir thc re<lite> e<l s;ttr a»cc»
i<1 excess i>l St!'3 <it lhc rcquifcil ii iihh. 1hc <1pplic;ill<«i sh,'>ll
bc rcv>cwc<t hv thc 1'ull t <u»wil

  <><r>n<I It uft<'t Z«tii' k<'g<rr><vririlti h 'i I il'itii<K
keu<l< nt<ui 5riu< nrr«rh<ri I:ip<tn<l tilt' I'<>«tint/it of rh<
St>r«rr<tr und/<>r Sti u< tur< i ki <Iriir< il hr thr' kll!l ttf t« 3fr ~<I<I'>
»t F>pun<i«n I:<i>tine S<'liri< Sv<r<ttt. When,iii cxis <»g
res>dcn >;tt s rue ore dix s ri<i  i<lee  thc   ouncil s  . <~.»tat
Bulfcr /onc require« en s col> '<I<>cd lli Iahlc 'a  c g . thc
cx>s lng s ruct ore di» s n<i  hit> 1' a huller rinic ur has a hotter
ri>nc with a v ulth less  ha<i 1he >.<Itic <'uil' a<lie<I II'I I'iblc 'a!.
 hc li>lb>wing Ciiaslal Huffe< Zi>ne rcqu>rc<llcllts >h.dl itpply tii
cai;h m<xli lie' loin <>I 1he rcsu'Ic1 lail s r Uc til I. <<l'i ll thc
proper y's Coastal Butter /iinc equals, bu  J«cs not exceed,
th» value containc<l iii I'able a.

 a! Where aI era tons tii a residential s ructure rcsut  in
1hC expattsl in ul' the s rue ure's fix> print  square I'<xi age Ot'
thc ground floor area cncuriipasse<t hy  he >true ural 1ounda.
 xin «I an cxis«ng huilding I, the Ciiastal Buffer Zorie require-
ment shall be extahti>hed v ith a wid h equal 1« the percentage
increase in a structure's f<x>tprint as <if April 15, I <I<Id multi-
plii;d hy the value coiitaincd in Table 'a   square fixit incrcaxc
of foi> print/square too age as of April I S. I'994! X value
ciintained m '1'ible a = Ciiastal Z<ine Butfcr kequtrcn>cnt!;

lb! Where «Iterati«ns t<i a residential s rue use result in an
increase in flow u> thc Individual Sewag» t>tstx>sat By>ten>
 ISM  and the RIDt.M has rcxtu<red thc ni<xlilicali<iil <ir
expansiiin i!f  he ex is ing ISDS. thc Coastat Hut'fer Z<inc
requirement shall he estahlished wi h a width equal to >S'y«if
 he value con ained in Table 2a   t. >S X value contained in
Table a = C <>as al Buffer /A>ne requirernellt 1.

fhese reqiiiremenrs iinly applv h> categiiry "* ul<t B
assen s. In addition.  he E.xecu ive direcuir ~hall have the
auth<>ri y  «grant a variance  o these requirenicnts f<ir categiiry
"A" assents in accordance with thc burdens of proof con ained
in Section 12th

4. C'r>urrul Buffer Z<>ne k'egrrirr'ments jnr ull C<inrnren tul
uiul lndustrrol devel<ipment und ui ni ities subdae<-t tii th<
regr<trements <if Se< ti«n t KI It, Sei riun .IIK! I.t, nr Se<  run .320:
C oas al Buffer Zones shall be de ermined on a case-by-cave
basis hy  he C ouricil. Table 2a may be used as appropria e
guidance However, depending on the activity proposed anJ
i s poten ial impac s on ci>astal resources, thc Council may
require a Coastal Bul'fer Zx>ne v ith a width grea er than that
found in the Table 2a.

'S. All property abutting crt ical hah< at areas. as defined
by the Rhode Island x<a «inat Heri age Program «r the
Council, shall possess a minimum vegetated huf'fcr rone of
011 feet between  he <den >f>ed habitat and any development

area. The Execu ive direct«r shall have the au honty io grant a

s art aiicc  i> thc>c rcquircnicnt s in;t> c<irdance v i h  hc hurik nx
i>I ptix>t ci>ill.lltled <11 . ncc >utt I 11.

 >..XII priipcrry abut ing   u:<s al 0'a ural Areas 1!ice i<in
lti 4> slliitl Iiil>c ii rlliliulluill vegcl; ted   iiilstiil Butlcl Ziitic

iit 'S lect tron»hc <nit>rid edge of the ciias iil feature Thc
I xciuti> c ihrcctiii shit ll have thi: authiir«y  u gri«ita > ar<ancc
to  hcsc require<neo s iii iu:ciirdancc v.ith thc burdens ot prixil
i'i>illa'iileil in See i«i> 12 !.

7. All proper y located v ithiii thc Ix>ut>d >r<c«it;> Special
Atea M,lrl.igcliicn <SAM'l I'lati iippri>veil bv thc Ciiuttcil shitll
i»cci adilitiiuial hut'I'cr rnite require»ct>tx ci>ntaincd w iihin
these SAM plans. Wheri a SAM plan's hulfcr rune rcqu<re-
<nc<t s apply, ihc hufter v idth > aloes ciin .iined in  his sec i<in
w ill hc c<iniparcil to ' hi >se required hy  lie SAM plan. and the
I,irgcr iit' thc huBer v,i<hhx applied.

'Vhc sc hacL <Sec i<in I 4 ii t'<>r all ncw residential.
commercial, and indus rial s ru<nures shall exceed  he Coastal
Buf ter Ziine requirement hy a minimum of 'S tee  tor fire,
safety. tuid maintcnancc purposes. Where the 2S fixi  scpara.
tion distance between the inland edge of  he hut'ter and
c«nstruc«iin setback cannot he «htained, the;ipplican  niay
request a variance in accor<hincc with Scc»on 12�. The
f-:xecu tvc l!<rec or shall have the author< y to griui  vanances
1<i this requircmcnt. However. a vegetated Cutis al BuBcr
Zone shall not directly c<intac  any dwelling's f<x>tprin .

F. Roger Itrlanagesncnt and hfrsintcnrrnce lfcgttirctncnrs

1. All alterations within established  . oas al Buff'cr /~>nes
or alterati<ins  o natural vegeta ion  i.e.. areas not presently
maintained in a !andscaped cond>tain! wi hin the C«one il's
lun>diction may bc required to submit a Buffer i~>ne Managc-
rnen  Plan lor the Coun<;il's appriival that is cons>>tent v ith the
requirements uf this sec ion and the C ouncil 's most rccen 
edi iiin «f lti<ff<'r I<>tu M<tnagetn< nt fiutdun«'. Bufter Zone
Management Plans shall include a description of «II pr<ipoaed
alterat <«ns and n>ethods <if avoiding problem areas such as  he
pniper ptacemcnt and maintenance ot pa hv,ays. Applicants
should consult  he Council'» most recen  edition of Rrrffer
Z<>ne <trlutr<r<,en crit fir<I<I<st <'e vrllen preparing a bulfer manage-
men  plan.

In order  o prom<ite the Council's goal tii preserve.
pr<»ec  and, where possible, restore ecol<igical sys em<a
Coastat Butter Zones shall be vege a ed with native flora and
retained in a natural, undisturbed condition. or shall he
properly managed in accordance with Council s mon  recent
edi ion ot Buffer Z«ne NI<tnu,e< rnrnr Civrdunr e. Such manage-
mcn  ac tv ties compatible with  his goal include, hut are not
limited tii:

 a! .'>hr>refine rt«'< ii I'uth<: Pathways which prov tdc
access  <> thc shoreline are normally considered permissible
pr<ivided the> are less than or equal to f> fec  wide and f<illi>v a
path that ni<ntm<tcs eros<« i arid gullying within  hc butfer
zone  c.g.. a winding. hut direct path!. Pathways should
avoid, or may he prohibited in. sensitive habitat area~,



including, but n»t limited to, coaital wetl indi. Pathwaii <nay
he vegetated w ith gfaiiei 'uld nl<!wcd or may !Ee iurf iced E< 1th
cI <Iihed i nile»I Iiluleh.

 b! l !<» C >r! i<it>i!I: SelCCtiVe trCC rein<iv.il and prunirtg
;ind thinning <il n;i ural vcgclaiinn may bc all<>wed v, i bin a
dcl'incd c»rri<for iii »rdcr to pro!note a i icv ol  hc ih<ireline.
f!nly  hc»iirii»ial altcrati<En nf vcgenitinn nC<'Cii;Iry  <E nbtain a
vicv, ih;ill be uiceptabl» to  hc Council. Shoreline;icccii
pa hi ihal I hc locaicd wi hin view corridori to the r»aximum
Careiit praetieable in Order  o minimire diiturhiiiiee nf CV iital
Butler lonci. View corridori ih;ill be prohibi cd in ieniitivc
<ir critical habitat are»i.

 c I It'ubilul >Vu»a«!near; Manageillent ol n;ltur;il
vcgc ation wi hin a buffer anne io enhance v:ildlife habitat and
C<intl Ol »uiiani.'C alld n»n-na IVI,' spec les Ol vege a ion »1«y' he
allowed. Homeowner control nf pest ipcciei nf vegitali<in
such ai I'unipean bittersweet and nuiiance spcciei iuch ai
poiinn ivy ii normally cnniidered acceptable. Hov,ever.  hc
indiicrimiii;»C uiC Of herbiCideS Or thC clear-Cutting Of'
vegetation ihall be prnhibited. Thc uic of I'er ilireri Ii
generally prohibited within the Coastal Buffer Zone exccp 
v hen used  o enhance the rcplanting of native vegetation te.g..
hydro-iccding! appriived by thc Couiicil. However.  he
Clearing Or <iutright eliminatiOn Of natural vege a ion f»r such
purpniei ai COntrOlling  ieks or pollen shall nOt be perini ted,

ld!,!ttf<'r< u>it/ p>t'!t<I!' <". S<'.!CC IVC tree I'C'»1»val. pi »11»i!
and thinning Iif n, tora! vegetation witliin a   <vaital Buffer
/uric may bc allowed by  hc C<iuncil o» a caie-by-caie b<iiii
tnr prnien i<Ifeti and welfarC COnCerns  C.g.. remni a  nt:I
<f,'miagcd tree in clnie proiimi y  o a dwelling!. In <Irdcr t»
prninntC Child iafe y and it!a»age peti in areai harboring  Icki,
tCnCCi al<mg  lie inland edge of a COaital Buffer Znf!C alE<f
ali>ng ihOreline aeeeii paihv aVi  nay be pCrmitted.

 c! l'hu>'< firie Rt I r« trit>n: Thc CRMC rec<<gnizci that
ihoreline r< Cre;ItiOn ii nne Of the predominant aiiracti<ini toi
living on. <Er visiting the Rhode Island Coast. Iii order tiI allov,
I'nr iuch uiei. minor allerationi of buffer zonei may he
permit cd along the ih<ire! ine it they arc deter»tined  <i
coniiitent with Council'i re<tuirementi. These i tera ioni rnai
include maintaining a i nail clearing along thc ihnrc fnr picnic
iaMei. benches, and recreational craf'l ldinghiei, canoci, day
iailhi<a i. ctc.!. Addi ionally, the CRMC may allow imall,
non-habitable ilruclurei including storage ihedi. boat h»uses
a Ed gazeh<Ei v,i bin COastal Buffer ZOnei, where appropriate.
Ho» ever, theic structurei may be prohibited in ienii ivc or
critical habitat areas. Due to the potential for theie i<ructufci
io tntpact values provided by Coaital Buffer Zonei, the
Council ih all exercise iigniticant diicretion in this area."



Appendix B
Rhode Island Coastal Buffer

Zone Management Guidance

Revised Jartttsrv 7, 1994

CRMt Coastal Buffer /one Manage nent thuidance

A. GuideBnes for preparing an appiicarion for Coasrai
Buffer Zone hfanagen!carr

l. All proposals for buffer zone management must hc
designed v, ith respect to the one or morc of the "Managemen 
Options" identlt'Ied in S«ction "B" ilf these guidet!nes an< 
must u it!zc appropriate techniques IOr managing vegetatiOn as
de tned in Section "C".

2, Photograph~ «nd site plans must he suhmitted for all
applicati<ins in order  o minimize the need for on-site inspec-
tions. Actual field inspcc ions will only be performed when
deemed necessary by CRMC s aff. All applications should he
complete, clear and concise. Applications which are unclear or
imprecise will he returned.

3. Applications which propose acceptable alterations
within Coastal Buffer Zones  as de er!»i»ed by CRMC staft1
will be processed as a "Category "A" and will reccivc
administrative approval. In cases where CRMC stat ' dctcr-
mines the upplica ion to be unacceptable, an effon will be
made R> neg<>tiute a resolu ion with the applicant. If a
t'avorahle r«solu ion cannot be reached, CRMC statf v ill make
a rccommcndati on to the Executive Director that the applica-
liun be processed as a Category "B" rcvicw requiring tinal
decision by the full Coastal Council.

4. All proposals t'or Coastal Bulfer Zone management
should involve minor altera iona which do not depreciate  he
values and I'unctiuns of Coastal Buffer Ztones as defined by
Sec i<>n f60 ot' he RICRMP. At a minimum, at least sixty
�0%! of a buffer zone ~halt remain completely unahered.
Typically, Coastat Buffer Zone Management Plans which
affect 25% or less of a buffer zone arc more likely to be
approved. Areas to remain unaltered should be clearly
idemitied <m the proposed plans. An exception to this
requireinent is allowed for "Suburban Coastal Buffer
Zones" - see Section B.6 of this Guidance material.

S. Where appropriate, Coastal Bufter Zone manageinent
may be applied to Coastal Banks, However, the CRMC may
impose greater restrictions on alterations affecting coastal
hanks.

6. Tree damage and removal - in cases v here a small
numher ot' dead, diseased, or storm damaged trees need to he
removed frotn a buffer zone, the applicant may request «n
expedited reviev. In such cases. a dcscnp ion of work and a
photograph of the area may bc sufficient for CRMC review.

B. rtfnnagen!ent opii rn! !I'i bin roa!raf buffer -r!nes:

t. Qh~rt~nA . P:tth. - Pitch ~ t htch t r
 ILCess  O th<' shut«tine are nur!»'ltty CO»si feled;ippn>pl I.i «
pathv iiys niay h«h' v'ide i>r l«vs an<i to tow a v< inding, hut
<tireet path that d<>es iiut prOmiite <ruvion « Ithiii iti«hut'1<'I
Zune. Shur«tht« i<eeess paths i»uhi he dehi n«<t t«n»nn»IZC
disturbance and may he prohihi «d in sensitive hilhitat,irciis.
including but not limiteit  o. «Oas at v et ands. Pi!th«.!y ~ mily
hv vegetated w i h gl asses and niow «c'I Or l»ay he surfaced v lth
crushed s <lne or mulch. Fec itizers may only be «llo«<d tur
the initial cstahlishmen  of gras<ed p.ithways. Prop«r sl e
plans  aust be submitted which show the loca ion  il' th»
proposed path throu'h  he buffer zone. Applicants niay «Is<i
bc r«quired to deiineatc the path on site lor C R%1C stat t
inspection.

. ~V' m .y t.cttr trecr nt itt,tndh«»
rind thinning ol'natur;il ! ege a»on may be allowed wiihin a
det'ined COrridor in Order t<> prOmate a viev Of the shoreline.
Only the minimal at!era ioii ol v«getation necess:iry to ohtairi a
view shall be considered acceptahle  clear cuttiri «nut
allowed!. Shore inc access paths tif proposedl shiluld hc
located v'ithit! a view corridor to minimire disturhiincc within
th«buffer. Applicant< prOposing a viev COrtid<ir must pr<pare
a plan showing the view corrid<ir's location w lthili ihe Coav iil
Buffer ZOne with res pe<'t 1O view pO n is ttx'!m 3 d v «ll liig ol
Other viewing area. View C >rrldOrs ure typically trapezoid<!I ili
shape, heing narrow a  the inland edge imd expandiri '  t!i< iir<t
the shore. On residential tots ot 2 iu:res or less, only one viev<
corridor is typically considered acccptahl«. Vie«Corridor~
n!ay not affect more than 25 % of the length of the Coavtal
Butfer Zone av measured along  he shoreline feature. View
Corr!dors may he prohibited in sensitive or critical h;>hi at
ilfcas

vegetation w<thin a Coastat Buffer tone io either enhance
u ildlifc hah<la  or control nuisance and/or n >n-natl< «spec Ic
of vegeiation may hc alh>v ed wh«re it is demonvlratc<t tli;it thc
ex S ing «nvirOnmental COnditiuns v ill be in!prnved tor na I<«
plantlife and v. ildlit'e. Additionally, homeowner contn>l ol
fiulsar!ee spec ietr of v«getat!on such atr Eurupean B »tern v< <.'L'I
and pols<m ivy are considered acceptable within managed
portions of Coax at But'lbr 7~>nc . However. <he indis rimi-
nate use of herbicides is prohibited and fertilizers may only h«
used io enhance the replan log Of natl v«v «getat!un. tn
addition, niaintaining a buffer zone in;> "tandsci<ped condi-
tion", or estahhshing lawn are not considered appropriate
hab!tal managemen  acti< it ies and are prOhihii«d. Irl   Oilht !I
Buffer Zones encompassing one acre <ir niore. clearing m,iy
he allov ed to establish tield e<inditi<»is which contain native
grasses and herbaceous plants. In such caves. cl«<!ring tier
f'ield establishment shall not atteci n!ore thin> 25% ot th<
Coastal Butter Zone. All Butler Zone Maliagenieni pl:iri
involving habitat managcnient within ii   o.isla  But'ter t iii«il
onc aerc <>r inure.  ir in sensitive Or Critical habit<It;IIC.I< t as
determine i by CRMC stat t! shalt suhl»!t a butter zone
Inanageinent plan prcparCd hy;i qualified < nvlrnnnienlii!
prnfexs!Onal ur bi<i!<>g»t.
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4. Sg<fety gtL tt WSIftlrS - SefCCtive lr»» r»nloval and
pruning and thinning of natural vegetation within a Coaital
But't'er Zone !nay be allowed on a caie-by-case basis for
prOven Safely and welt arC COnCerni ie.g., remOVal Of a
damaged or discased tr»e in cloie proximity lo a dwelling!.
order to promote child .iafe y and manage peti in areas
harboring ticks. fcncei along  hc iiiland cdg» of a Coaital
Buf'ter Z<inc and along ihorclinc acceii pa hi <>r shoreline
 ccrc:1t ion,'ifeai nlity' bc pcriri  tcd   lcficest must be Of ln
"open" type coni ruction to permit thc paiiagc of v ildlife, e.g.
split rail or iimilar!. Ciiaital Buffer Zone nianagement plans
ihall inctude methodi ot avoiding problem areas such ai the
proper placement and maintenance of pathi.

5. ' ' - The CRMC recognizes that
ihoreline recreation ii <me of lhe predominant a tractioni for
living on, or visiting thc Rhode island coait. In order to allow
for such uses, minor alterations ol Coastal Buffer Zones may
be permitted along the ihoreline it' they are determined to be
consistent with CRMC'i goaii and policies as noted in thc
Rhode island Coastal Resourcei Management Program  R I
CRMP!. Appropriate altcrationi typically include maintaining
a small Clearing alOng thc shore for picnic lableS, benches, and
recreational craft  dinghies, canoes, day sailb<>ats, etc.!.
Additionally, where appropriate, the CRMC may allow smail
f 200 sq. ft. total floor space, or leis!, non-habitable structures
including storage sheds. boat houses, and gazebos within
Coastal BufTer Zones. Due to the potential for these slruclurei
 o impact natural values provided by Coastal Buffer Zones, the
Council shall exercise significant discre ion in this area.

ti. n - Where the Coastal
Bu fer Zone requirement is 25' or less  as per RTCRMP
Section 150, Table 2a!, the CRMC shall consider such buffer
zonei "Suburban Coastal ButTer Zones". Suburban Coastal
Buffer Zones may be tnanaged in their entirety f100%! by
selective tree removal, selective pruning. selective thinning
and restorative planting,. However, the CRMC may require
tha  several tree~ bc maintained or planted  o protect scenic
quality.

C. ApprOprk fe reehniqtueS for n anaging regef< tiOn
i<gifhin a co< sr< l brzff'er zone:

I. ~f~civ T gg ggIIK<val � ln casei where the applicant
wishes tO remove a few seleCt trees, trees proposed lo be cut
tnust be specifically identified for CRMC staff revie~. In
most case~, pho ographs of the buffer area may be sufficient
provided the affected trees are clearly shown in relation to the
surrounding buffer and shoreliiie. Trees may also be inarked
on-site to allow inspection by CRMC s aff. 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 cul based upon stump counts. Should the applicant
wish to remove a fallen tree fro<n the buffer zone, this must be
performed in a inanner which does not disturb remaining
vegetation. Selective tree removal is often a preferred
technique for the establishmen  of a view corridor.

purpOses iilvOlvei Catling bi a»Ches tfOrii  rees, tice saphngs
aad shrubi. F<ir certain C<iailal Buffer Zone Management
Opt<oils. prUfllng  he 1Opi Of Shruhi anil fOI'est UndergrOV lh
iioppiiig! may bc appropriaue to diicourage growth in height.
On level ground. ihriihi and forcit undergrowth should be
pruned to a heigh  of'not less than 4'-5'. !n areas where the
gr<nind surt'acc deicends toward the shoreline, lopping should
Only be perfOrnied  O a heigh  lhat a! IOw i a view Of the v ater.
Applicami proposing pruning must describe in detail the work
propoied, provide photographs and a iite plan. and/or  nark
thoic piirti<in.i ot'  hc Coaital Buffer Zone where vegetation
v ift be pruned on-iitc. Thc species of' vegeta ion to be pruned
should he <den <tied si»ce ionic species of vegetation cannot
 Olerate eXCeiiive pruning Or tnppiag, SeleC ive pruning iS
often a preferred technique tor the eilablishment of a viev
c <1m d<ir,

3 bc~Lv~ILitng � Thinning ai defined for CRMC
purposei involves the ielecrive removal of' tree saptings.
ihrubs and vinei occurring in bruih areas and in lhe arid<.r-
growth ot tores ed buffer zones. Applicants proposing
lhinning must describe in detail the work propoied, pr<iv dc
photographi and a site plan, and/or mark areas lo be thinned
on-site. Thc speciei of vegetation lo be removed from a
Coastal Buffer Zone manage »en  area rnui  bc differentiated
from those ipeciei which arc to be retained and encouraged.
Selective thinning ii often a preferred technique in areai
where habitat management will be performed.

Zone 1VIanagement, restorative planting shall be s rictl>
det'ined as the pi alt ting or replanling of natural vegetation
native to the Rhode Island shoreline. However, naturalized
ipeciei iuch ai Rugoia Rose may he allowed. «s dclcrmined
by CRMC staff. The plan»ng ot non-native, landscape and
CXO iC SpeCies, in mOil CaiCi, shall nO  be»onsidercd apprOpri-
ate in Coastal Buffer Zonci.

5. ~nt in � i mntt cn:e:, mowing oi egetetion w tion
a Coasta! Buffer Zone shaiil be prohibited unless associated
with the eitabliihrnent and maintenance of shoreline access
path or approved shoreline recrea ion area. However, for
certain habitat mattagement options, annual or biannual
mowing may be allOwed  O maintain field VegetatiO» where
su»h vegetation ii considered valuable to wiidlif'e and other
natural values, In such cases, mowing ~hall be confined to
25% of' thc Coastal Buffer Zone area, or less.

6. Cli~ar<n - Clearing or clear-cutting of vegetation
within a Coastal Bufter Zone shall only be aliowed for  he
establishment of' shoreline access paths, shoreline recreation
arcai and in certain cases. habitat management options which
are designed to maintain a field of native grasses and herba-
ceous plariti. Clearing shall not affect more than 25% of the
Coaital Buffer Zone area. Clearing for habi al management
ih;dl not hc allowed in Coaital Buffer Zones of lesi than one
acre.



Q less l and grading shall ottty be allowed in Coastal Bufter Zone
areas for  he establishment of shoreline access paths and
shoreline recreation areas. Certain tninor cutting and filling
,tctivities may also bc allowed on a case-by-case basis to
promote these uses. Filling and grading shall not he allowed
for hah>tat management options.

Figure 10. Examp!e of an adequate buffer zone management plan drawn by owner.


