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Crafting a Lake Protection

Ordinance

oy Karen Cappielia and Tom Schueler

Introduction

Lake profection ordinances are an essential tosl
for protecting the quality of the 41 million acres of
lakes and reservoirs in the United States that are under
increasing development pressure, Thisarticledescribes
how to craft an ordinance to protect and maintain the
quality of lakes from the pressures of both shereline
and watershed development. An effective Jake protec-
tion ordinance extends over four major zones: the
aciual shoreline, a forested buffer extending landweard,
a shoreland protection area that extends foyther. and
finally, a watershed-wide zone used to control pollut-
ant loadings {o the lake or reserveir as a whole.

Alake protection ordinance (LPO) s particularly
critical around wban lakes, to guide how and where
new development will occur. Historieally, there has
beenhimited gnidance onhow to eraft an effective LPO
that protects lake resources, maintains the quality of
the recreational experience. and accommedates the
property rights of landowners. Traditionally, most
LPOs have primarily focused on a relatively narrow
ring of land around the shereline where development
is most visible. However, given that lakes are so
strongly infiuesced by rumoff from their watersheds.

they ofien need to be managed from a watershed

perspective.
Key Factors to Counsider in Lake Profection

Technigues for protecling lakes are markedly
different from those used to protect streams, A walter-
shed manager must accotnt for nine factors that are
unique to lhe ecology of lakes and the nature of
development that oceurs around them:

Shoreline developmenr is a unigue forut of
development.

Lakeshorelines are a valuable piece ofreal eslate,
and cammand premium tand prices. Purchasers often
use these lots to build suuimer homes or cottages, and
seek both good access fo the water and an unob-
siructed view of the lake. Consequently, individual
homes are oriented toward Lhe lake. Overtirue, aring
of development is forizied around the lake, with the
greatest density of homes within 500 [eel of the lake.
and less density further away {Figure 1).

Lake shorelines also tend to be developed incre-
mentally over time. It is rare that the lakefront is devel-
opad as a single subdivision (which would be much
easier fo regulate). Rather, shoreline development often
happens on a “fot-by-lot” basis, whereby individual
lakefront lots are soid and subdividad to build second
howmes or cottages. often o a custom basis. In addition,
each home and its accessory struc-
tures tend to be continnously “im-
proved” or expanded by successive
owners, ta meet their changing tastes
and recreational needs. Conse-
quently, an LPO should be written to
provide continions regulation of the
shoreline development procass.

Techniques for pretecting
lakes are markedly different
from those used to protect
streams.

Since lakefront property is so de-
sirable, it is quite comumon to have intense lnkefront
developmentinotherwise lightly developed watersheds.
This presents areal challenge for protecting lakes inrural
areas, since (hese comnumnities typically bave limited
staff and development review expericnce.
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Lake protection focuses on phospharus reduction.

An explicit goal of many LPOs is to maintain the
trophic state of the lake. which nsnally ineans prevent-
ing or reducing phosphorus inputs, Most lakes are
extremely sensitive to additional phosphorus inpuls
from futare waterfront or watershed development.
Consequently, the overall development density in
these watersheds should generally be very low,

Lake mapagers have several

Shoreline buffers can be justified
based on a common econeinic
interest as much as an
environmental one.

tools to reduce phosphorus inputs
from new development in a iake
watershed. They include limits on
the total amount of new develop-
mert. shoreline and stream buffers,
and the use of stormwater treafment

practices designed to remove phos-
phorus from stormwater runeff, In
practice. most managers elect to use all of these fools.
and to apply them across the entire watershed draining
to the lake. In particular, stormwater treatment prac-
tices are often designed to achieve a specific target for
phosphorus removal. The LPO often: provides very
specific instructions to engineers on which stornrwater
treafment practices to use, how much ninoff they need
to treat, and how they should be designed to promote
greater phosphorus removal. A handful of conumuni-
ties have adopted stormwater performance criteria that
call for no increase in phosphorus loading from new
development sites (MDEF, 1992: Kitchell. this issue).

huportance of a natnral shorelme,

The natural beauty of a lake’s shoreline, with its

ever-changing panorama of water, light and wikdlife,3s *

a prime attraction for lakefront development. Lake
praperty owners as well as lake users consistently
report that their primary use of the lake or reason for
vistting is to view the scenery (Warbach ¢ o, 1990:
Andersoneral., 1998). This is why lakefront properties
nearly ahways command a considerable premitan in
tenms of land prices. To the extent
that a LPO will preserve the natural
look of the shorelines, they can
maintain or enhance he value of
property (CBP, 1998). Inone Maine
case study. increased water clarity
due to the addition of lake buffers
incrzased property values by S11to
$200 per foot of shoreline property
{(Michael e al., 1996). Conse-
quently, shoreline buffers can be
Justified based on a conmmon eco-
nomic interest as much as an anvi-
ronmental one.

Direct influence of shoreline vegetaiion on fish
and wildlife.

Natural shoreline vegefation has a direct influ-
ence on the ceological integrity ol a lake, as il provides
shacle, Jeaf litter. woody debris, protection from ero-
sion, and littoral habitat, These benefits are exten-
sively reviewed in Engel and Pederson {1998). and
selected research is profiled in Table 1.

Studies in a varieiy of lake sedtings liave demon-
strated a strong relationship between declining fish
abundance or diversity and increasing shorefine de-
velopment, as measured by several indices (Hinchand
Collins, 1993: Hinch ef of.. 1994: Bryan and
Searnecchia. 1992: Chick and Meclvor, 1994). Fish
foraging and spawning have also been shown to de-
cline as a direct function of cottage or home density
arotnd the lakeshore (Engel and Pederson. 1998).
Most fish species spend at least part of their lifecycle
in the littoral zone of the shoreline. Emergent aud
submergent plants and coarse woody debris are critical
lwabitat elements in the littoral zone. and each of these
15 highly vulnerable to shoreline development
{Christensen et al.. 1995).

Many birds, such as eagles. loons and songhirds,
tend fo aveid developed lakes, and several researchers
have noted that they depart at a relatively fow rate of
coftage development (Jolmson and Brown, 1990:
Voight and Broadfoot, 1993: Heimberger e al., 1983).
Int somne cases, the avoidance is due to a loss o nesting
siles or perches to spot prey. while in others it reflects
a lack of tolerance for noise or disturbance within or
along the lakeshore. In contrast. some bird species
favor a densely developed shoreline, such as mallards,
geese and gulls,

Similar relationships have been discovered for
amphibians and reptiles. which utilize the fakeshore to
bask, feed. nest and overwinter (Engel and Pederson,
1998). Natural lakeshore habifat has also been found
to be important for deer aud other mamumals (Buehler
et al., 1991). Conversely. many species suffer from
increased predation and harassment by pets along
more developed shorelines.

Intense pressures for shoreline improvement and
clearing.

A lake shoreline is wnique in that it remains vnder
continnous pressure for shoreline “improvements” well
after the initial development has been completed.
Many lakefront property owners install docks, piers,
slairs. gazebos. boathouses, boat ranps, bulklieads and
other structures on or near the shoreline. At the same
time, the forest buffer is under releniless pressure to be
converied into a tidier lawn or an unobstructed view.
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Figures 2 and 3 are examples of shoreline lots with
unregulated and regulated “improvemenis.”

While the individual effect of eachs of these jm-
provenenis is relatively minor. their cunsulative im-
pact on the integrity and attractiveness of & shoreline
buffer can be severe. For example. a survey of users in
a Minnesola lake found that a majority of the respon-
dents felt that mulliple shoreline sbuctures and lawas
had & negative impact o the lake (Warbach er ..
1990).

Whena person is on alake. he wants to see a natural
shoreline. Yer. when the same person is on the shore,
he wants to see a lake, Thiscan createa lot of pressure
onthe buffer. as property owners clear trees and remove
vegetation to promote a better view of the lake, How-
ever, one individual's quest for abetter view of the lake
diminishes ilie quality of the view for anotler. Thus.
all property owners share a common interest infimiting
clearing along the shoreline te screen their neighbors.
while still getting at least a decent glimpse of the lake

__Table 1. Recent Resea

Key Finding

-h Documenting Ecological Benefits of Shoreline Buffers

themseives, Consequently. an LPO needs to carefuily
prescribe how and where view cosridors can be created.
and include realistic measures to inform land owners on
what uses. structures and activities are restricted or
prohibited in the shoreline buffer zone.

Recreational issues are pearennonne enagenad
concern.

Lakes that are actively used for fishing. boating,
swimming and other forms of recreation require direct
accessto the shoreline and acrossthe buffer, While some
lakes do have public access and central facilities (such
as boatramps, swimming beaches, ete.). many do not. In
these lakes. sach waterfront owner creates hisor herown
recreational access, This can create an inherent conflict
between the property owners and outside users of the
lakes. Therefore, atthough the shoreline buffer usually
remaing in private ownership. it is important to address
issues of both public and private recreational access in
anl PO,

Reference Location

Coarse woody debris positively correlated
with riparian tree density and negatively
correlated with lakeshore cahin density

Christensen et

17 north femperate lakes in
northern Wisconsin and the

al., 1996 Upper Peninsula of Michigan

Less fish aclivity, less fish feeding, and
increased wave disturbance in fringe

Collins &f af,, nc

2 sites on Lake Rosseay,

vegetative cover is correlated with :
decrease in lakeside populations of white-
failed deer

zones adjacent to lawns versus date Ontario, an oligofrophic lake
undeveloped shorelines
Increase in development and decrease in Vioight and

Broadfoot, 1995

Lake Muskoka, Ontario

Increase in development and decrease in
vegetative cover is correlated with
decrease in shoreline populations of
nesting bald eagles

Buehler et al.,

1991 Chesapeake Bay Shorelines

Increase in development and decrease in
vegetlative cover is correfated with
decrease in lakeside popuiations of loons

Heimberger et al.,

1083 Northern Ontario lake

Increase in development and decrease in
vegetative cover is correlated with

Johnson and

Eastern Maine lake

were greater along undeveloped
shorelines versus developed shorelines in
nearshore and intermediate depth zones

decrease in [akeside populations of Brown, 1980
songhbirds
Species richness and abundance of fish Bryan and

Scarnecchia,

Spirit Lake, lowa

1997 2266 hectare glacial lake

Decrease in plant cover from human
activily is correlated with a decrease in fish

Chick and Mclver,

Lake Okeechobee, Florida

ahundance

abundance 1994
Decrease in plant cover from human Hinch and
activity is correlated with a decrease in fish Collins, 1993 Cniario
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ERPAHRED SHORELING PAG.AIE

Fi_gure 2

. Typical Shoreline With Unregulated
“Improvements™ [FZC, 1892) g

Recreational conflicts are not onty confined te the
shoreiine buffer, but often extend into the lake itself. A
recurring conflict involves whether or not motorized
water craft will be allowed on the [ake, aither because of
concerns over noise, safety, wales or potential polivtant
sources. Many water utilities restrict or prohibit motor-
ized watercraft on water supply lakes, since two-stroke
engines can be s significant source ofhydrocarbons, lead
and phosphorus to the lake. In recent years. conflicts
have erupted overthe noise, wakes and safety of personal
watercraft. suchasjet skis. Figure 4 is an example of how
conflicts over lake recreational use can be managed by
designating specific areas of the lake to each activity,
Consequently. residents or local agencies may want to
address these issues as part of the LPO or a lake manags-
ment plan.

Pronrinence of seplic systems.

Lakefront developments are often serviced by sep-
tic systems because of their seasonal use ordistance from
wastewater reatinent plants. Because of their proximity
to the lake, septic systems can become a potential source
of subsurface phosphorus seepage to a lake. Indeed,
many researchers have identifted failing or poorly func-
tioning waterfront septic systetns as an important and
controllable sousce of phosphorus and nitregen in awide
range of lake systems (Harper. 1995: Childs ef al., 1974:
Gilliam and Patmont. 1983: Grant. no date; Kerfoot and
Skimmer, 198 1; Robertson and Harman. 199%; and Amade,
1999). One of the primary functions of the shoreling
buffer is fo create distance from the leach field and the
shoreline, thereby providing as mucl soil treatment as
possible in such a confined area. Watershed-wide septic
system regulations may also be a key elemeni of an LPO,
particularly in watersheds {hat have potentially high
septic system density orumsuitable soils, More inforna-
tion about septic system impacts on lakes can be found
in Swann (this issue),

HIE BDAT HCISES o
MM AP S DO Linats

VEGETATIGN STRY

Figure 3. A Shoreline With Limited “Improvements” Is
More Atiractive and Ecologically Beneficial (PZC, 1992)

Lake associations available for enforcement
o1 eduection,

The lake and its shorelines are a classic case
example of the “commons,” where the actions of one
user or owner can diminish the quatity of life for
another. Often lakefront properly owners recogiize
that they share a commeon interest in some form of self-
regulation. This has led to the formation of lrndreds
of lake associations across the counfry to promote
Detter local lake management. In many lakes. these
associations are sinilar to homeowners associations,
in that they are self-goveming and self-financing. As
sucly, a lake association can play a pivotal role in
education and enforcement of the LPO. shrough le-
gally binding covenants on individual properties. The
North AmericanLake Management Society (NALMS)
has excellent materials on its website on how to esfab-
lish a new lake manageihent association or energize an
older one (wiww.nalms.org). Lakeassociations are per-
ticularly valuable in educating shoreline landown-
ers about LPO provisions that divectly affect them.

Lake protection ordinances must be customized for
it leke conditions and water quality goads.

While this article presents an overal] framewark
for crafting an LPO, it is important to keep in nzind that
the actual details of each ordinance will differ for every
lake. For example, more stringent criteria are often
applied to lakes that are a primary water supply. as
compared 1o a reserveir used for recreation or flood
conirol. Similarly. managers will usually adopt more
stringent criteria in oxder to maintain the charaster of
a phosphorus-sensitive lake in a wildemess sefting. as
compared to a highly entrephic lake in 4 wore urban
setting. In some lakes, the LPQ is primasily used to
regulate competing recreationat or shoreline interasts,
while others may be drivenmore by the nead toreduce
phosphorus loads.
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i nearly all lakes. the ability to achieve manage-

' Table 2. Examble of Lake Classificatian System

ment goals for a lake is heavily influenced by the ~ (Bernthal and Jones, 1998}

amountand type of prior development along the shore- I

line or within the watershed, Thus. lake managers Lake Class acres water per | # homes per lzke
shounld engage both lake users and watershed residents shoreling mile shoreline mile depth
to sef realistic goals for lake protection very early it the gﬁb?rr:lflment <80 <3 <15 feet
ordinance process. In addition. commamities that have Recreational

many lakes and reservoirs may want {o classify them in Development 60 - 223 3-25 > 18 fest
order to manage them beiter. An example is the state General 228 5 25 > 15 feet
of Minnesota's lake classification system shown in Development

Table 2.

The Four Zones of Lake Protection

The four primary zones of lake protection are the
shoreline. shoreline buffer. shoreland protection area,
awd the lake's contributing watershed (see Figure 5).
The development criteria within each of the four zones
are often different and include the foltowing:

METOAROATING
WATERIKLMG

1. Zone geometry

SALPONTING
WIRDIURFIH &
CANDEINS ETC.

2. Vegetative targel

. Allowable uses

. Restricted uses PG

3
4
5. Septic system siting
6. Stonmwater treatment practice design \
7

. Residantial lot design requirements

Figure 4. A Lake Use Plan Can Resolve Conflict Over

8. Zoning _ . . Recreational Use {NIPC, 1985)
%. Enforcentent :

10, Edueation

Thekey development criteria for the four zones of
an LPO are compared in a condensed fashion it Table

-~

a,

d) watershod ¥

% c)shorelang
Y protexiion
ares

\

™~ -

b.) shorellng
bufter

In general. the four-zone approach to lake protec-
tion is most restrictive at the shoreline. and is more
flexible as one progresses further up into the watershed.
Grealer detail on the key eriteria for a lake protection
ordinance is provided in the following pages,

'Z'_'ohe‘l':'Sht')rglin'e SR

Tlie shoreline begins as the poind where the mean
high water mark meets the land. Given the inportance
of the shoreline 1o fake ccology and screening, H is
egsentiaf that (his zone be refained in a natural state,
wilh minimal disturbance of nalive vegetation, A
conunton approach to manage the shoreline isfo require
shoreline permits for any activity that modifies, alters,
¢lears or otherwise disturbs the naturai shoreline. Per-
mits, which can be required by a local or staie agency,
place limits on tree clearing, bulkheading and rip-
rappiizg.  Exceptions may be granted to clear small
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areas for allowable uses, as defined later. The permit
process should require the applicant to demonstrate that
natwal methods of shoreline stabilization, such as
bioengineering, are not feasible before retaining walls,
riprap or bulkheads are allowed to stabilize the shore-
line. Some communities may also specify low ornowake
arens. set boat speed limits and exclude motorized water-
craft in their LPOs in order to prevent shoreline erosion
(Standing ef a/., 1997).

Allowable Uses

Most corununities aflow winer alteralions along
the shoreling 16 provide reasenable access and recre-
ationat use. For example. most rypicaily allow oaly
onte pier or dock on cach frontage lat. along with &
limitation on ils total length and extension into the
lake (50 feet is common: Standing ef al.. 1997). This
provision prevents the proliferation of docks from
detracting from the scenic character of the naiwral
shoreline. Most comnnunities also pennit a single
stairway orramp down to the water. butmay restrict its

_Table 3, Development Criteria for the F

Shereland

Criteria: Shoreline Shoreline Buffer Protection Area Watershed
50 4o 150 feet L
. divide of
. i high water mark | from HWM, 300 250 to 1000 feet e
Defined as: {(HWM) feet for source from HWM contribuling
walershed
waler
Vegetation smha(;?éﬁ:jnenatural Lc;re::ar:iror;ahve maximum clearing | forested buffers
target for the . : ge i limits on individual | for tributary
zone no disturbance | maximum view lots of 25 10 50% | streams
without permi{ corridor of 30 feet
Bioengineering,
. walkways, . .
Allowable Uses 1 pier or dock hoatholses within ressc%entlal homes, | mostare
per frontage, 1 the view corridor seplic systems allowed
stairwvay
boathouses and gﬁup;g‘linem commercial or
other accessory O industsial zones, uses with

Restricted Uses

structures, rip
rap, bulkheads

impervious cover
or other land
disturbing activily

uses with hazmat
spill risk

hazmat spill risk

design,
sethack 100 1o feasibility
Septic Systems | n/a not allowed 200 feet from or inspection
HWM criteria to reduce
failure
stormwater
ne stermwater presumed to be treatment
; practices allowed | achieved by practices
Stormwater 23;:;;’: E::FI':E( e (except for environmentally required to
practices at hoat sensitive site remove target
launching) design phosphorus
levels
minimum lot size, | open space
minimum subdivisions and
Lot na nfa frontage, better site
Requirements max impervious design te reduce
cover, limit impervious
rooftep runcff cover
Zoning establish requirements and density in a lake protection overiay district or a
comprehensive plan
Enforcement l;:;[}ﬁr state local development review process
lake association
Education lake association and/or resource agency or walershed
organization
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width to six feet or less. Normally, pre-existing struc-
tures are exempted from the shoreline permit process,
but they may not be significantly expanded without
one (Bemthal and Jones, 1998).

Restricted Uses

Many communities prohibi tree clearing or grad-
ing along the shoreline, although individual trees can
be removed for safefy purposes. Boathouses and other
accessory structures are generally prohibited within
the narrow shoreline zone. Inaddition, no new storm-
water outfalls shouid be allowed that discharge to the
shoreline.

_Zone 2: Shoreline Buffer

When natura) shoreline buffers are maintained,
they protect the integrity of the shoreline, provide
habitat for wildlife and fish, reduce the likelihood of
erosion, and help to reduce runoff and pollutant loads
{Engel and Pederson, 1998; Wenger, 1999; Fuller,
1995). In addition, natural shoreline buffers support
the aestheficand recreational values thatiake lakefront
development so desirable and economically attrac-
tive, Naturalshoreline buffersalso protect the physical
and ecological integrity of lakes by providing shade.
feaf litter, woody debris. erosion protection, and habi-
tat.

A common base width for a shereline buffer is 75
feet (Heraty. 1993), alihough widths typically range
[rom 30 10 150 feet. If a lake is used as a sowce of
drinking water or is very pristine, buffer widths of 200
to 300 feet are often used (RICRMC, 1994: Standing
et al., 1997 Kitchell, ihis issue). The base width of a
shoreline buffer should be expanded to include steep
slopes or wetlands, or contracted when pre-existing

development is located close to the shoreline. Some
comumaunities set the base width of the shoraline buffer
based on the surface area of the individual Jake. and
require wider buffers around their larger lakes. Most
cemmunities now clearly prescribe how the buffer will
be delineated within the LPO. For natural lakes. the
natural mean high water level is a geod benchmark,
whereas the water line at “fuil pond” is often used for
reservoirs,

Vegetation Management

The vegetative target for the shoreline buffer is
mature forest or native vegetation. This may involve
actively re-vegetating areas or letting them gradually
return to their natural state. Depending on the region, the
natural state will not abways be a forest. The use of native
plants within the buffer usually requires less mainte-
nance. and these plants are easier to establish. Some
conunsities set specific restoration goals for fhe shore-
line buffer. For example. New Hampshire requires thata
plan be submifted that describes the species, number.
and basal area of trees propused for replanting a natura
woodland buffer (Springs. 1999).

Tree clearing for view comvidors or access trails is
inevitable, so masny LPOs do allow for some clearing. or
have guidelines for thinning or removing of dead trees.
Forexample, RhodeIsland Coastal Zore Buffer Program
and Maine Shoreland Protection $iandards indicate that
shoreline access paths can be no more than six feet wide
and follow a winding path that does not promote erosion
(see Figure 6).

Inaddition, clearing for a view corridor is generally
limited tono more than 25% of the length of the shoreline
for residential lots of two acres or less (RICRMC. 1994).
Other conumunities have opted for a more operational
eriteria, allowing a single view corridor per lot, and no
opening greater than 250 square feet in the forest canopy

PERSS

23 1ree heighl

. Figure 6. Example of Guid

’:’{I' ‘i L "J; / % ’f/’/ &~ (no pruning)
/Y 3/
¥ W
] 7/ s
;ig -
a;ﬁ g W <—1/3 tree height
i & ¥ (prunving allowed)
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o -4
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- and Footpaths {lllustration by Brian Kent)

¢ Shoreline Buffer for View Corridors -
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as measured fromn the outer limifs of the tree crown
{MDEP. 1999). Still others allow clearing of no more
than 40% of the basal area of trees within 100 feat of the
shoreline (Bernthal and Jones, 1998).

Allowable Uses

Allowable uses in the shoreline buffer should be
[imited 1o clearing for shoreline access paths and view
corridors. Many comumunities also
permit trails and passive recreation

The LFPO should specify who
is responsible for enforcing
and maintaining the shoreline
huffer.

within the buffer zona. In adklition.
boathouses and other accessory strue-
turesmay be allowed within the buffer.
buf must be set back at feast 25 feet
from the shoreline, Some shoreline
zoning ordinances also place limits

on the munber and square foot area of

boathouses and other structures
(Bernthal and Jones. 1998). An exemption is usually
provided for public recreation facilities sueh as boat
ramps and public beaches. Careful planning is needed
to develop public facilifies in a manuer that minimizes
clearing of the shoreline. In some cases. stormwater
practices such as perimeter sand filters can be installed
to treat direct runoff from boat ramps and associated
parking lots,

Resiricted Uses

Many land uses and activifies are restricted or ex-
cluced from the shoreline buffer zone. These include
paved surfaces. primary shmuctures, grading, pesticide
application, mowing, motorized vehicles. or any other
activity that causes soil distwbance or contributes to
poltution. In addition. septic tanks and drain fields are
excluded from the shorefine buffer, and oftenmust be set
back an even greater distance into the shoreland protec-
tion zoue.

Stormmwater Treatment

The natural vegetation of the shoreline buffer acts
to slow down and spread out nnoff and promotes infil-
tration in the soil, thereby reducing the need to treat the
quality of stormwater runoff. In this sense. the natural
shoreline buffer is the last line of defense for treating
stormwater. More importantly, stormiwater treafinent
practices designed to beat stormwater from upland
sourees should not be located within the buffer. Many
comnnmities also preseribe that no new pipes or chan-
nels be constructed to convey stormwaiter across the
shoreline buffer(i.e., sheetflowconditions must be main-
{ained).

Enforcement and Educalion

The LPO should specify who is responsible for
enforcing and managing Ihe shoreline buffer during
and afier construction. A lake association can be a
good eandidate to perform (his role. since the shoreline
bulfer often falls within the boundaries of most lake
associatiops. In addition. lake associations siay have
the authorily to extend covenants from their members
to establish shoreline buffers on existing waterfront
lots that otherwise might be grandfathered. The North
American Lake Management Society publishes sev-
eral usefu! lake managemeni veferences
(wrww.nahinsorg). The Terrene Institutealso publishes
The Lake Pocket Book as 4 useful guide.

Regardless of whetler the shoreline buffer is en-
forced by a lake association or # local agency. it is
important that the LPO contain provisions fo nolify
owners and contractors about the boundaries and ve-
strictions of the buffer. Some useful techniques in-
clude marking buffer boundaries with permanent signs
that describe allowable uses; ciearly deluniting the
buffer boundaries on all constiuction plans. maps.
deeds and property surveys; and verifying that new
owners are fully informed abont uses/limits when wa-
terfront property is sold.

The LPQ should contain a series of progressively
touglier enforcement actions for owners and contrac-
tors who viclate the provisions of the buffer, begining
with a notice of violation with time to correct, [fthese
administrative remedies fail, then fines. property liens.
stop work orders. restoration liability and other sanc-
tions should be available.

2

Enforcenient measures can and will create need-
less conflict with many waterfront owners if they are
1ot accompanied by strong and continneus programns
1o educale residents about the value of shoreline buff-
ers, and the limits that they impose ol their land. Lake
ranagers should strive to reach every landowner with
a mailing. meeting or visit to ensure they understaud
the yules. The enforcement agency cau direct]y edu-
cale owners during annal buffer walks fo check on
encroaclunent, and provide information on how resi-
dents can become belter slewards through reforesia-
tion and shoreline bufferscaping programs, Lake man-
agers should strive to integrate buffer education with
other water quality and recreation messages they want
1o deliver, whether shey are boating or fishing regula-
Hons, seplic system cleanows or lake management
issues. Waterfront ownersmay also want to know abowt
techniques 1o slow the spread of invasive species such
as zebra mussels and Ewrasian watermilfoil, which are
an hncreasing problem in many iakes (Klessig et al.,
1993). Techniques to prevent the spread of invasive
species may include boat cleaning or boat pranpott
facitities af centralized locations.
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“Zone 3: Shoreland Protection Area

The shoreland protection ares extends beyond the
shorefine buffer and is primarily intended to regulate
the geometry and nature of developmien( on lots adja-
cent to a lake. Ina way. the shoreland protection area
is a special overlay zone for residential development.
and inchudes various seibacks, inpervious cover limits
and forest conservation requirements.

The widtl: for a shoreland protection area typi-
cally ranges from 250 to 1,000 feet, as measured from
the shoreline, The state of Minnesota has asimilar zone
where shoreland standards apply to all land within
1,000 feet of the lake (ILCC. 1996}, The actual width
depends on the undertying lot size or zoning category
in the area. In general, as fot size increases, the width
of the shoreland protection area increases. At a mini-
anun. the shoreland protection area should extend at
least two lot lengths ontward from the lake, Often, the
exact boundaries of the shoreland protection area are
expanded to account for bluffs, wetlands. stesp slopes,
erodible soils, or other sensitive natural features around
the lake,

Vegetation

Since development will oceur i the shoreland
protection area, vegetative fargets are much less re-
strictive than along the shoreline or in the shoreline
buffer zones. Maximum clearing limits are imposed in
this zone to keep the building footprints as small as
possible and conserve natural areas. A typical example
is preseribed under the Maine Shoreland Zoning guide-

s 7

lines. which limit clearing during construction to no
more than 25% of totat lot area or 10.000 square feet,
whichever is less (MDEP. 1999, see Figure 7). In Wanpaca
County. Wisconsin. no more thas 50% of each shoreland
lot or 25.000 square feet, whichever is less, may be
digtiubed for residential or conumercial construction
(Standing et al.. 1997).

Restricted Uses

A primary reason for establishing the shoreland
protection area as a zoning district is to exclude or set
back uses or activities that have the potential to degracle
the water quality of the lake or detract from its scenic
character. Consequently. a ong list of uses and activities
are often excluded frow the shoreland profection area.

Examples of land uses that are frequently consid-
ered to be gon-confornming include livestock opera-
tions: facilities that generate. store or dispose of hazard-
ous materials: landfills: junkyards: surface discharges
from sewage treatment plants: golf courses (unless they
have sn approved integrated pesi management plan).
above or below ground storage tanks: stormwaler
hotspots (MDE. 2000): and non-residential roads.

In additien, most communities consider {hs
shoreland protection area fo be an exclusively residen-
tial zone, with exceptions for water-dependent opera-
tions (such as boat launching areas. private campgrounds,
and the like). Consequently. industrial, commercial. or
institutional developments ave often excluded from this
zone. particularly ifthe lake is a primary drinking water
supply.

Maximum clearing

10,000 sq. ft.or 25%
of lot, whichever is_
greater ¢

Buffer of
7% or 100"

—— 60,000 sq. & {ot:
clearing limited 10
15,000 sq. ft.

7. An Example of lelts on CIeanng for a Shorelme L.ot

(Illustratmn by Bnan Kent)
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Shereland protection areas frequently require set-
backs, the most common being a 160 to 200 foot setback
for septic tanks and drain fields. as measwed from the
shoreline. From a practical standpoint, this means that
septic systems need to be located well beyond the
owrward boundary of the shoreline buffer. Figure 8
illustrates this concept,

Setbacks for sepric systems miay vary depending on
the lake’s use and watershed characteristics. For ex-
ainple, the state of Virginia requires a 100 foot septic

system setback from a strean: New
Hampshire requires a 123 foot septic

It is very difficult 1o
effectively treat the quality
of stormwater runoff within

the shoreland protection
areawith conventional
stormwater practices.

sysiem setback For areas witli porous
soils; the New York City reservoir
system has a 300 foot setback for
absorption fields, and a 500 foot sel-
back for septie systems: and the state
of Maine prohibils septic systems in
Resource Protection Districts (CWP.
1993a; Spring. 1999; NRC. 2000

MDEP. 1999).

A fewLPOsregulate the use of ferfilizer or pesticides
in the shoreland protection area. For example. the New
Hampshire Comprehensive Shoreline Protection Act
limits the use of any fertilizer in protected areas. and
limits fertilizer use outside these areas to low phosphate,
slow release nitrogen fertilizer or linestone {Springs,
1999), In other watersheds. the use of pesticides is
prohibited in this zone. For example, the herbicide
atrazine may 1ot be applied withm 200 feet of natural
lakes orreservoirs in the New York City reservoir water-
sheds (NRC, 2000). While these restrictions are aclmi-
rable from an environmental standpoint. they are often
difficult or impossible {o enforce with individuat prop-
erty owners.

Enviroumentally-Sensitive Shoreland Design

In practice, itis very difficult to effectively treat the
guality of siormwater runoff generated by development
within the shorsland protection area with conventional
stormwater practiees such as ponds, wetlands. or filters.
Constraints such as the proximity to the lake, small

drainage arez. poor conveyance and the need to stay
out of the shoreline buffer make it amajor challenge to
engineertrealment practices in the zone. Therefore. the
stormwater strategy in the shoreland protection area is
to minimize the creation and concentration of storm-
water runoif fhrough environmenially sensitive
shoreland development techniques. These develop-
ment fechniques include site fingerpriating. impervi-
ous cover limits. minimum lot sizes and natural con-
veyance. Asa practicaliatter, then. stormmwater treat-
ment is achieved through sile design requirements
within the shoreland protection area. Lois that mest the
design requirements are presumed to autorafically
comply with any stormrwater requirements. Figure 9
illustrates how environmentally sensitive shoreland
design can be applied in a typical lakefront residential
lot.

Envirormentalfy sensitive shoreland design tech-
niques for residential lots nelude the following:

A Loi Sizes and Mininin Shoreline Frontages

Since the shoreline is a finite resource, nlany
comnumities have sought 1o limit the infensity of
lakefront development threugh minimswn lot sizes and
shoreline frontage distances. Minimum lot sizes tend
to range from slightly less than one acre to five acres or
more, ForMaine lakes, minimum lot size for residential
development in the shoreland zone is 60,000 square
feel. with a corresponding minimwmn shoreline front-
age of 300 feet (MDEP, 1999). while Minnesola lots
adjacent to Natural Environment lakes have a mini-
mim lot size of 80.000 square feet (Bernthal and Jones.
1998). Once again, lakes orreservoirs that area primary
source of drinking water orundeveloped lakes that are
being protected because of their natural beauly tend 1o
use very larpe lot zoning typically greater than five
acres (Standing, 1997; Kitchell, 2001, this issue).

A Maxinaon Limit for Impervious Cover o the Lot
The LPO often specifies a maxinzun amount of

imperviousness for the shoreland zone. We generally
reconuuend a 1010 13% as an impervious cover limit

Setback of at least 100

' 'Flgure 8. A Sephc System Setback m Relation to the Shore!me Buﬁer

(Iilustrahon by Brian Kent]
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for residential lots in the shoreland
proteciion area. However. this per-
centage can vary depending on
land uvse, lot size, and the desired
level of development around a lake.
For example, Shawano County,
Wisconsin has a limit of 8% imper-
vigus cover on lots within 300 feet
of the lake’s ordinary high water
mark (Standing, 1997}, while the
state of New Hampshire has a 20%
impervious cover limit for alterna-
tive developments such as PUDs.
which mcorporate residential and

cominercial areas ina planned com- J
munity (Bemnihal and Jones, 1998). /
Pruperiy {
Site Fingerprinting Line [;’;
f
i

Many comnunities specify
that a mininmem fraction of the lot
be conserved in natural cover, and
mandate that the lot cannot be
cleared or otherwise disturbed dur-

e,
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that must be conserved includes
the shoreline buffer and additional
areas within the shoreland protec-
tion area. Forthe lotas awhole, the
target for natural cover conserva-
tion will vary according to zoning category. but typi-

¢ally ranges 40 from 75%. Figures 10 and 11 contrast
conventional and alternative techniques for clearing a
site for development. | , -

Greading Liwits

Any grading at the site should promote sheeiflow.
and avoid cencentrating runoff, Often, driveways
comprise much of the grading in the shoreland protec-
tion zone. In this respect, driveways should be graded
to follow contows and avoid the need for ditches.
Otherwise, driveways should be constructed of more
permeable material, such as river rock, blue stone,
gravei or grass pavers. Ifthe jothas aslope greater than
10%, oris lessthan one acre in size, berms, depressions
or ferraces may be required to capture runoff and
encourage mfiltration at the outer boundary of the
shoreline buffer,

Roofiop Disconnection

Residential rooftop nuoff can be easily discon-
pected and conveyed as sheetflow across vegetated
areas or into the buffer. In practical terms, this means
that downspouts should not be connected to any con-
veyance system, Ifsoilsare notsuitable, then drywells,

Shoreline Lot

french drains er rain barrels can be used to store rooftop
ninoff. Figure 12 iflustrates how te use a rain barrel o
store rooftop nineff.

Lmmnitations en Back Lot Developnrent

Lake managers constantly struggle with the issue of
backlot developinent, which drives up the overall den-
sity of shoreline development. Backlot development
allows off-water lots to share a narrow strip of waterfront
land that provides access to the water. This ofien results
in over-development of the lakeshore to accommodate
docks and access points for a large number of people.
Several zoning techniques can limif backlot develop-
ment. First, zopning regulations can prohibit the develop-
ment of shore lots with more than one cwner or establish
limits on the number of off-water lots served by one
access lot (Standing, 1997). Alternatively, nrinimn bot
sizes can be establislied for oft-water lofs by extending
the width of the shoreland protection area further from
the lake. Figure 13 illustrates the backloet or "keyhole"
development concepl.

Figure 9, Example of Envtronmentaily Sensitive Design fora Residential

1t ~E10Q
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Figure 10. Conventional Clearing and Grading
Techniques Leave the Majority of This
Residential Lot Bare (PZC, 1992}

-Zone 4: Watershed

Establishing shoreline buffer zones may not always
be enough (o profect a Jake frout the impact of land
development, particulmly if il is sensitive to increased
phosphorns inputs. If significant land development is
expected in a lake watershed, the LPO inust be designed
to create a Towrth imanagement zone thal encompasses
the watershed as a whole,

From a watershed perspective. it may be necessary
to control all sources of phosphorus to the lake in order
to meet water quality goals. In this case, the LPO should
define how and where the eight tools of watershed
protection should be appliad (CWP, 1998). Often. this
may require a watershed plan that estimates current and
future impervious caver. and investigates major {and
controllable) phosphors sources. Still, some generali-
zations can be made en how the eight tools can be
applied to protect lakes, as discussed in the following
paragraphs.

Watershed Zoning/Land Use Planning

Given the ewrent limits of stormwater treaiment
described by Caraco (this issue). it is evident that the
water quality of many lakes can only be maintained if
Limits are set on the cumulative amount of watershed
development. While the exact development threshold
often depends on the combined geometry of each indi-
vidual lake and its watershed. most lakes can sustain
only a rather low density of development, as measured
by indicators such as impervions cover or lot size. The
notion that a carrying capacity for developinent exists
for many lakes has long been advanced by many lim-
nologists (Wetzel. 1975: Wetzel, 1990: Vollenweider.
1968 and 1975).

[N
L ) =,
HPLIn st A e i

T 3.,&;;;% :‘ i

a

Figure 11. Site Fingerprinting Was Used on
This Residential Lot to Reduce Clearing and
' Preserve Trees {PZC, 1992)

Consequantly, one of the first tasks of a Inke
manager is to compute current and future phosphorus
budgets for the watershed as a whole. These budgets
lielp determine how much extra phospharus load can
be expected in the future, and how much this load can
be reduced by stormwater treatment practices in the
watershied. If the budget indicates that phosphorus
loads will still exceed desived targets even if stormwa-
ter trentment practices are widely applied across the
watershed, then additional land use controls may be
needed. Lake managers have typically relied os three
complementary land use strategies to minimize devel-
opment density in lake watersheds,

Large-foi Zoning

Resicential land in e watershed is often zoned
for large-lot development. witl: minimum lot sizes of -
one. two, five or even 20 acres. The basic reasoning is
that large lots have comparatively low impervious
covey, even if it spreads development over a poten-
tially greater area than would otherwise occur. In
addition, comnyumities may allow developers the op-
tion to cluster development within these large Jot
zones. if shared septic systems are allowed.

Lend Use Exclusion

Commercial and industrial zones are often mini-
mized or excluded from the watershed in order to
minimize spill risk, and to reduce impervious cover.
Ofien these zones are not feasible for development ifa
community elects not to extend sewer into the water-
shed, given the larger volumes of wastewater that they
generate.
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Reheance on Septic Svsfems

Copununities ofien choose teo rely on septic sys-
tems for wastewaler disposalwithin lake watersheds for
two reasons. First, most conununities fnd that it is not
econoiical to service farge lot development with
sewers. Second, the presence ofsewerscanofieninduce
more developnient densily han originally intended.
Therefore, alack of sewer capacily acts as a secondary
growthconirol, nnd canreduce pressuresto rezone land
to a higher density in the future.

While these land use strategies have been widely
applied, they may not be appropriate for every lake
watershed, For example, it may not be desirable to
extend large lot zoning or exclude commiercial devel-
opwment when a take has a very large watershed. or lras
already experienced a great deal of past developrent.
The strategy can also backfire ifunsuitable soils or site
conditions make widespread septic system failure
likely, or if the community has no capacity to inspect
and manage septic systems over {ime. These situations
call for a ;more sophisticated land use strategy that may
involve down-zoning. transferable development rights.
or watershed-based zoning (CWP. 1995).

Angther imporiant component of zoning is a care-
ful assessment of existing water pollution hazards in
the watershed. wilh a strong emphasis on land uses or
achivitivs that may pose a risk of spills or accidental
discharges. In particular, the potential risk of spills
froin existing or planned roadways should be assessed,
and contingency response plans prepared.

Land Couservation

3 PO

Land conservation is a critical tool for limiting
where land development takes place in a lake water-
shed. Many communities have secured easements or
acquired land in the watershed for the express purpose
of lake protection, Generally, shorelines. shoreline
buffers, and tributary streams are the key land acquisi-
tion priorities, although large wetlands and public
access areas may also be preferred.

Stream Buffers

Stream buffers are anintegral part of any watershed
profection strategy. and an LPQ should strongly rec-
ommend establishing them throughout the watershed.
The buffer should apply to all perennial streams that
drain te the lake. The Lasic design of stream buffers is
described in Schueler (:995), and model ordinances
can be found at the Stormwater Manager's Resource
Center (www.stormwatercenteraiet). In some cases,
stream buffers in lake watersheds have a variable width
depending on the distance of the stream from the
primary water intake. A good example of this concept

canbe found in Georgia’s reservoirprotection standards,
which require a 150 foot buffer sround the reservoir. a
100 foot buffer along streams within a seven mile raclius
of the reservoir, and a 50 foot buffer along streams
cutside the seven mile radius for watersheds less than
108 square miles (Burnett and Ashley, 1992).

Better Site Design

Conununities may alse want to encourage open
space designs for residential subdivisions located out-
side ofthe shoreland protection area. since clustering has
been shown to reduce the phosphorus loadings(Zielinski,
2000). Narrower road standards and the use of roadside
swales are also particularly appropriate in most lake
watersheds.

T K

Figure 12. Rooftop Runoffis Collected ina
Rain Barrel and Stered for Later Use

s b arpaant v tts dow st

- Figure 13. An Example of a "Keyhole" or -
- Backlot Development (Warbach et al, 19580 -
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Erosion and Sediment Control

Lakes are especially vulnerable to the anpacts of
sedimentation and hrbidity gener-

Lakes are especially
vulnerable to the impacts of
sedimentation and turbidity

generated fromupstream
construction sites.

ated from upsireans construction sites.
Consequenthy. erosion and sediment
control (ESC) plans are normally re-
quired at new development sites in
lake watersheds. ESC requirements
need to be adjusted to reflect the
prevailing development conditions

around Jakes. For example, ifmost of
the development will be constructed on large lots or by
individual contractors working on a single lof, it may be
napertant o have both alowarea threshold for triggering
ESC plans, as well as a simple checklist approach for
preparing ESC plans for individual lots.

Stormwatey Treatment Practices

Storniwater freatnzent practices in the watershed are
often designed to achieve a specific larget for phospho-
rus removal. Local ordinance and design manuals often
give very specific mstruclions fo engineers on whal
stormwaler treatment practices 10 use. how much ninoff
they need to treat. and how they should be designed to
promate greater phosphorus removal. Depending on the
phosphorus sensifivity of the take and the amount of
future development forecasted, lake managers may elecl
to establish specific slormwaler phospliorus removal
targets in the LPO.

A number of communities have adopted stormwa-
ter performance eriferia that set forth specific phospho-
rus load reductions from new development sites. Typi-
cally, they requdire an engineer to calenlate the phaspho-
rus foad before and after the site is developed. and then
design a stormwater treaiment systerm that can eliminate
the difference (MDEP, 1992: Kitehell, this issue). Most
comumunities prescribe the Simple Method {Schueler.

1987} to compute post development loads. and pro-
vide tables that indicate the estimated phosphorus
removal capability associated with each practice (see
Caraco. this issue). Depending on the site, the engineer
may need to choose a stermwater practice with ahigher
phosphoros removal capability, recuce lhe impervi-
ous cover of the site, capture a greater velume of
stormwater runoff, or installiore than one practice on
thesite. Ifa designer still cannot meet their phosphorus
load reduction larget. they may have the option of
providing an offset or a fee in-lieu lor phoesphorus
reduction elsewhere in the watershed.

Wastewater Discharges in Lake Witersheds

Communities are often sharply divided on how to
manage and dispose of wastewater in lake watersheds.
given that freated wastewater is often a major compo-
nent of a fake's phosphorus budget. Most haveadopied
ane of three broad strategies to manage wastewater,
depending on the degree to which they wish to limit
development and their confidence in seplic systems:

Rehance on Septic Svstems

This strategy prohibits any surface discharges of
treated wastewater within a lake watershed, and relies
insfead on septic systems to dispose of wastewater on
individual sites. The strategy is frequently employed
in drinking water reservoirs and fo maintain low resi-
dential density in other lake watersheds. The success
of this strategy requires effective phospharns removal
by septic systems. which in turn may require stringent
requirements throughout the watershed. particularly if
the overall density of tanks is high {Swann. tlis {ssue).
Regulations in the watershed typically establish crite-
ria for soil suitability, minitun lot size and drainfield
area and a greater shereline setback from the lake
during initial construction. Of equal importance is the
establishment of a management anthority to inspect.
maintain and rehabilitate septic systems after they are
bualt.

Limifed Sevwer Relisf

Failing septic systems are sometimes found to be
amajor walerquality problem atong the shoreline. and
a comumon remedy is Lo extend a sewer to connect to
elusters of failing units, Sewers may also be needed 1o
accominodate denser develepment elsewhere in the
watershed. In eithercase. while wastewateris collected
by sewers. it is pumped out of the lake watesshed for
subsequent treatmen mxl discharge.

764

Urban Lake Management

AT AMANET AL 1T TIAA



L:ake Protection Ordinance - Crafting a Lake Protection Ordinance.pdf

Reliance on Sevar

In some watersheds, commusities have had such
peor experience with septic systems that they rely
instead oussewersto dispose o' wastewater. Ofien. these
conumunitios are concerned with bacteria and phos-
phorus discharges from failing septic systems or pack-
age plants, or have large areas of the watershed that are
sunply not suitable for septic treatment. Soine conunu-
mitics pump the sewage out of the watershed for treat-
ment, while others rely on advanced wastewater troat-
ment within the watershed.

In phosphorus-sensitive lakes, it is important to
deal with ail sources of phosphorus in the watershed.
Many developing watersheds stiil have active agricul-
tural operations that can cosatribute significant
nonpoint phosphorus loads. Consequently. lake man-
agers should carefully evaluate agricultural sources,
suchasrow crops, confined animal feeding operations,
dairies. hobby farms and grazing livestock, and coop-
erate with farmrers and rancliers to implement needed
best management practices.

Watershed Steveardship

The watershed is often the best scale at which to
perform public education and outreach. In lake water
sheds, the outrsach effort sirives to mest two broad
objectives. The first objective is to create an awareness
among all watershed residents that they are connected
to the lake downsirean). Onee residents become more
connected to the lake, the next objective is to educate
them about specific ways they can have a positive
influence on take quality through their daily actions.
These include activities such as [awn fertilization, car
washing, septic cleanouts, fall feaf disposal, and pet
waste disposal (CWP, 2000). Indeed, many of the most

progressive watarshed education pragrams have been
created for lake watersheds, Examples include Lake
Samunamish, Washington. and Lake Harriet. Minnesota
(PCP. 1998: MDA. 1998). Figwe 14 shows a graphic
usd on a billboard for the Lake Hamiet Watershed
Awareness Project.

Lavwn care has (raditionally been the primary focus
of many lake education efforts. which is not surprising
given the potential phosphorus iputs from careless
fertilization (CWP, 1995b). A Iandful of communities
have gone as far as to place restrictions on the use of
fertilizer/pesticide applications thronghout the water-
shed (Springs. 1999: NRC. 2000). Oiher communities
prowote fertilizer formulations tat do net include phos-
phorus. Most communities have stressed direet techni-
cal assislance 1o homeowners on how fo yecluee or elimi-
nate the use of fertilizer and pesticides, Several exeellent
fact sheets have been developed to educate lake resi-
dents about environmentally fifendly shoreline laud-
scaping lechniques (PWD, 1995: UWEX. 1994),

Summary: The Lake as a Commons

Garret Hardin, in his famous essay on the tragedy of
the commons, observed Ihat the quality of a shared
vesource will abways be degraded when everyone has
access, but no one has control or ownership. Resource
degradation can only be averted, he argned, if the pariies
agree to some form of self-repulation in order o mini-
mize their collective impact ou the resource {Hardin,
1968),

In this sense. a lake is a classic example of a com-
1nons. Most of the residents in the watershed use the lake
in some way. and’all residents influence i directly
through their impact o the watershed, The very quali-
ties that attracted current residents to a lake are likely to
lure new ones. As a consequence, most lakes will expe-

2l 5

. 'This is the only filter between

s Project (MDA, 1968)
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CWP. 1998. Rapid Warershed Planning Handbook.
Ellicott City, MD.

CWP. 19934, *Dealing with Septic System Impacts.”
Watershed Protection Techniques 2(1}: 265-272.

CWP. 1995b, "Nutrient Movemeni from the Lawn to

rience constant growth pressures along their shorelines
and in their watersheds. An LPO is an effective frame-
work for regulating the nature of de-
velepment within the lake “com-
mens.”

;Ziﬁ?iig”?;;ﬂ;asrﬁg While lake conmmniiic.s often tzlazi St;s::;n;‘l‘é Watershed Prorection Teclmigues
degradedwhen everyone fi.iCE tc?ugllx choices ab.ou.t which pre- (1): 239-246.

has access, but no one has cisecriteriato ap}?Iy within eachofthe Chr:sn;feake Bay?rogra:u(CBP). I?BS.Ec*o:mmJ::Ben-

control or ownership. four lake protection zones, they pos- efits of Riparan Forest Buffers. Ref 600.613.1

Fact Sheet.

sess an inherent advantage when it

comes Lo watershed protection. Most
residents abready place a ligh value
on lake quality, whether it means natural scenery, goodl
fishing. pure drinking water or a place to float. These
shared values provide a strong foundation to reach a
consensus for greater Jake protection.

References

Anderson, K.A, Kelly. T.I., Sushak, R. M., Hagley. C. A,
Jenson. D. A .and G. M. Kreag. 1998, Public Percep-
tions of the Impacts, Use and Futire of Minnesota
Lakes. Minuesota Sea Grant.

Arnade, L.J. 1999. "Seasonal Correlation of Well Con-
tamination and Septic Tank Distance.” Growrd
WWater 36 (6); 920-923.

Bernthal, T.W. and 8. A. Jones. [998. Shoreland Man-
agement Program Assessment, Appendixes and In-
dex. Wisconsin Deparlment of Natural Resowrces
No.PUBL-WT-307-97.

Bryan. M. D, and D. L. Scarnecchia. 1992. "Species
Richness. Composition. and Abuntlance of Fish
Larvaeand Juveniles Inhabiting Natural and Devel-
oped Shorelines of a Glacial Iowa Lake.* Enviroi-
mental Biology of Fishes 35.

Buehler,D. A Mersmann, T. I Fraser. J. D, and LK. D.
Seegar. 1991, "Effects of Human Activity on Bald
Eagle Distribution on the Northern Chesapeake
Bay." Journal of Wildlife Management 35: 282-90.

Bumett, P.§. and D. M. Ashley. 1992, "Water Quality
Protection Through Waterslied Management.” Fro-
ceedings of the 1st Amnual Souwtheastern Lales
Management Conference. C. E. Watkins, H.
McGinnis, and K. J. Hatcher (eds.). North American
Lake Management Society. pp 98 - 104,

Cappiella, K., and K. Brown. 200 1. Land Use and Imper-
vious Cover i the Chesapeake Bay. Center for
Watershed Protection. Eilicott Clry, MD,

Center for Watershed Protection (CWP). 2000. "On Wa-
tershed Education." Warershed Protection Tech-
nigues 3(3): 680-G36.

Chick, J. H. and. €. C. Mclvor. 1994, *Pattems in the
Abundance and Composition of Fishes Among
Beds of Dilferent Macrophytes: Viewing a Lit-
toral Zone as a Landscape.” Canadian Jountal of
Frsheries anel dgquaiie Scrences 31

Chiids, K.E., Upchurch, $.B.. and B.G. Ellis. 1974.
"Sampling of Various Waste Migration Patternsin
Ground Water." Ground Water, 12:369-377.

Cluistensen, D. L., Herwig. B. I.. Schindler, D. E.. and
§. R. Carpenter. 1996. "lmpacts of Lakeshore
Residential Development on Coarse Woody De-
bris in North Temperate Lakes." Ecological Ap-
plications 6.

Collins, N.C., $t. Onge. P.,and V. Dodington. No dafe.
The hmportanice to Snail Fish of Littoral Fringe
Habitar (Z<0.2u1) in Unproductive Lakes and the
Impacts of Shoreline Development.

Engel. §.,and J.L. Pederson. 1998, Tlre Canstruciion,
Avsthenes, and Effects of Lakeshore Develop-
menr: A Reviewr. Wisconsin Departenent of Natural
Resources.

Fuller, D. 1995, Undersianding, Living Whth, and
Contrgliiig Shoveling Etasion: 4 Gudebook for
Shorefine Property Qwriers. Tipofthe Mitt Water-
shed Couneil. Conway, Michigan.

Gilliam, R.J. and C. Patmont. 1983, "LakePhosphorus
Loading from Septic Systems by Seascnally
Perched Groundwater.” Jowrnal of the Water
Pollurion Contro! Federation 55(103:1297-13G5.

Grant, W.No date. Movemeri of Sepiic Svstem Efffuert
From Lake Developments Tiio Near-Shore Areas
of 18 Indiqua Lakes. LaGrange County Health
Depariment.

Hardin, G. 1968. "The Tragedy of the Comumons.”
Science 16: 21243-1248.

Harper. HL. L 1995, Effects of Gronndivaler Seepage
Jrom Septic Temk Areas on Nutrient Loadings and
Boceteriological Inpris 1o Clear Lake.

Heimberger, M. Exder, D.. and J. Barr. 1983, "The
Impact of Cottage Developmenton CommenLoon
Reproductive Success in Central Ontisrio.” Hi/-
soir Bultatin 951 431135,

786

Urban Lake Management

T11AM0N117

2177 DAA



Liake Protection Ordinance - Crafting a Lake Protection Ordinance.pdf

Heraty. M. 1993, Riparian Buffer Programs: A Gride
to Daveloping andlmplementing a Riparian Buffer
Frogram as can Urban Stornnvater Best Manage-
ment Practice. Metropolitan Washington Coun-
cil of Governments, EPA Office of Oceans. Wet-
lands, and Watersheds.

Hinch, S. G. and Coelling, N. C. 1993. "Relationships
of Lirtoral Fish Abundance to Water Chemistry
and Macrophyte Variables in Central Ontario
Lakes." Canadian Journal of Fisheries and
Agquatic Sciences 50,

Hinch, S. G.. Somers, K. M. and N. C. Collins. 1994,
"Spatiat Autocorrelationand Assessment of Halsi-
tat-Abundance Relationships in Littoral Zone
Fish." Canadian Journal gf Fisheries and Aquaric
Seciences 51: T01-742,

Interagency Lakes Coordinating Committee (ILCC),
1996, Developing a Lake Management Plan. In-
teragency Coordmating Conuniilee,

Johnson, W.N. Jr..and P. W.Brown. 1990."Avian Use
of a Lakeshore Buffer Strip and an Undisturbed
Lakeshore in Maine." Northern Journal of 4dp-
plied Foresiiv 70 114-17.

Kerfoot, W.B.and 8.M. Skinner. 1981. "Septic Leachate
Surveys for Lakeside Sewer Needs Evaluation.”
Jounrital of the Water Pollution Control Federa-
tion 53: 1717-1725.

Klessig,L..Sorge. B.. Kortlu R.. Dresen, M.. and J. Bode.
1996. 4 Model Lake Plan for a Local Connnunity.
University of Wisconsin — Extension, Madison,
Wi

Maine Department of Environmental Protection
(MDEP). 1895, Srare of Maine Guidelines for
AMunicipal Shoreland Zoning Ordinances. MDEP,

MDEP. 1992. Phosphorns Control i Lake Water-
sheds: A Techmeel Guide to Evalnaiing New
Development. Augusta, MA,

Maryland Department of {he Environment (MDE).
2000. Stornnvaler Design Manal, Maryland De-
partiment of the Environment.

Michael, H. 1., Boyle, K. J., and R. Bouchard. 1996,
Water Quality Affects Property Prices: A Case
Stiely of Selected Muaine Lakes. Maine Agricul-
tural and Forest Experimental Station. Misc. Re-
post 398,

Minnesota Department of Agriculture (MDA). 1998,
Lake Hepriet Warershed 4wareness Project: Mok
irg a Difference Throngh Water Qualiry Educa-
rion. Minnesoia Department of Agriculhure.

National Research Council (NRC). 2000. Farershed
Memagement for Potable Warer Supply: Assess-
ing the New York Ciry Straregy. National Research
Couneii.

North American Lake Management Society (NALMS).
Website: www.nalms.org

Northeastern Illinois Planning Commission (NIPC).
1995. A Gurde to Ilinois Lake Management. North-
eastern Tllinois Planning C'ommission.

Planning and Zoning Center. Inc (PZC). 1992, Grand
Trenverse Bay Reglon Developmeni Guidebook. Plan-
ning and Zoning Center, Inc.

Pomegranale Conter Press (PCP). 1998, The Wearershed
Waltz and the Sainmannsh Svmg. Pomegranate
Center Press.

Portiand Water District (PWD). 1995, Sebage Lake
Watershed News. Portland Waler District.

Riwde Island Coastal Resources Management Council
(RICRMC). 1994. The Rhode Island Coasial Zone
Buffer Program, RICRMC.

Robertson. W.D. andd . Harman, 1999, “Phosphate
Plume Persistence at Two Decomunissioned Septic
System Sites.” Growuid Waier 37 (2); 228-236,

Schueler. T. 1995, "The Architecture of Siream Buifers."
Watershed Protection Techuigires 1{4): 153-163,

Schueler. T, 1987. Controlfing Urban Runoff: A Pracn-
cal Menual for Planming end Designing Urban
BMPs. Metropolitan Washington Coeuncit of Gow-
ermments, Washington, D.C.

Springs. G. 1999. The Crincel Edge: Shoreland Protec-
tton Reference Gitide. New Hampslare Department
of Environmental Services.

Standing, B. H.. Bernthal, T. W, and 8. A. Jones. 1997,
Shorelmird Zoning Resource Guide: An Armolated
Model Shoreland Zoning Ordinance. Wisconsin
Departiment of Natural Resources. | :

University of Wisconsin- Extensions (UWET). 1994.
Shereline Plants end Landscaping: 4 Series of
Water Qualife Fact Sheeis for Residential Areas.
University of Wisconsin- Extension.

s A Y o
e hd N mf; ‘r} R E

17 Af 1R

Urhan Lake Management

2NAMNED

http://yosemite.epa.gov/rl B/water.nsf/95537302e2¢56ccaB8256882. .

217 DA



Lake Protection Ordinance - Crafting & Lake Protection Ordinance.pdf

http://yosemite.epa.gov/r1 0/water.nsf/9533 730262¢56c6a88256882...

Voight. D. R.. and J. D. Broadfoot. 1993, Effects of
Cottage Development on White-tailed Deer,
odocoileus virginianus, Whrter Habitat on Lake
Muskoka, Owiario, Canadian Field-Naturalist,
109:201-04.

Vollemweider, R. A, 1975, "Input-Ouipui Models with
Special Reference to the Phosphorus Loading Con-
cept in Limnology.” Schweiz. Z. Hydiolo. 37: 53-
§3.

Vollenweider, R. A. 1968. Seientific Fundmmentals of
ihe Eutroplication of Lakes and Flowing Warers
with Particular Reference ro Nitrogen and Plos-
phorus as Facrors in Enrropitication. OECD Paris.
DAS/CSI/68.27.

Warbach, 1. ., Wyckoff, M. A and K. Williams. 1990,
Protecting Inland Lakes: A Weatershed Manage-
ment indebook, Planning and Zoning Center. Ine.

a ;‘.\.-i‘{:'

Wenger. S. 1999, 4 Review of the Scienrific Literanue
on Ripariem Buffer Widih, Extent cvid Vegetaiion.
Institute of Ecology. University of Georgia.

Wetzel.R. G. 1973. Limmology. W.B. Saundersand Ca.

Wetzel. R. G. 1990. "Reservoir Ecosysteins: Conclu-
sionsand Speculations." Thornton, K. W, Kimumel.
B.L..andF.E. Payne(eds.) Reservoir Linmology:
Ecological Perspectives. pp. 227-238,

Zielinski. J. 2000. "The Benelils of Better Site Design
in Residential Subdivisions.” Wasershed Protec-

rion Teclmigues 3(2): 633 - 646.

768

Urban Lake Management

ALY AR A YA A M



