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RIPARIAN BUFFER MANAGEMENT GUIDE NO. 1

Managing the Water’s Edge
Making Natural Connections

Problem Statement:
Despite significant research related to buffers, there remains no consensus as to
what constitutes optimal riparian buffer design or proper buffer width for effective
pollutant removal, water quality protection, prevention of channel erosion, provision
of fish and wildlife habitat, enhancement of environmental corridors, augmentation
of stream baseflow, and water temperature moderation.

Our purpose in this document is to help protect
Southeastern and restore water quality, wildlife, recreational

Wisconsin opportunities, and scenic beauty.
Regional This material was prepared in part with funding from the U.S. Environ-
Planning mental Protection Agency Great Lakes National Program Office provided

through CMAP, the Chicago Metropolitan Agency for Planning.
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=
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Managing the Water’s Edge

Introduction

Perhaps no part of the landscape offers more variety and valuable functions than the natural areas

bordering our streams and other waters.

These unique “riparian corridor” lands help filter pollutants'from runoff, lessen downstream flooding, and
maintain stream baseflows, among other benefits. Their rich:ecological diversity also provides a variety
of recreational opportunities and habitat for fish and wildlife. Regardless of how small a stream, lake, or
wetland may be, adjacent corridor lands are important to those water features and to the environment.

Along many of our waters, the riparian corridors no longer fulfillitheir potential due to
the encroachment of agriculture:and urban development. This publication describes
common problems encountered along streamside and other.riparian corridors, and the
many benefits realized when these areas are protected or improved. It also explains
what landowners, local governments, and other decision-makers can do to capitalize
on waterfront opportunities, and identifies some of the resources available for/further

Riparian
corridors are
unique
ecosystems
that are

information. While much of the research examined here focuses on stream /corridors, /| €xceptionally
the ideas presented also apply to areas bordering lakes, ponds, and wetlands through- rich in
out the southern Lake Michigan area and beyond: This.document was developed as a biodiversity

means to facilitate and communicate important and up-to-date general concepts re-

lated to riparian buffer technologies.
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Managing the Water’s Edge £

What Are Riparian Corridors? Riparian Buffer Zones?

The word riparian comes from the Latin word ripa, which means bank. However, in this
document we use riparian in a much broader sense and refer to land adjoining any water body including
ponds, lakes, streams, and wetlands. This term has two additional distinct meanings that refer to 1) the
“natural or relatively undisturbed” corridor lands adjacent to a water body inclusive of both wetland and
upland flora and fauna and 2) a buffer zone
or corridor lands in need of protection to
“buffer” the effects of human impacts such
as agriculture and residential development.

The word buffer literally means something
that cushions against the shock of some-
thing else (noun), or to lessen or cushion
that shock (verb). Other useful definitions
reveal that a buffer can be something that
serves to separate features, or that is capa-
ble of neutralizing something, like filtering
pollutants from stormwater runoff. Essen-
tially, buffers and buffering help protect
against adverse effects.

Riparian buffer zones function as
core habitat as well as travel
corridors for many wildlife species.

M ,(4,.
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3
i
|

Riparian buffers are zones adjacent to waterbodies such as
lakes, rivers, and wetlands that simultaneously protect wa-
ter quality and wildlife, including both aquatic and terres-
trial habitat. These zones minimize the impacts of human
activities on the landscape and contribute to recreation,
aesthetics, and quality of life. This document summa-
rizes how to maximize both water quality protection
and conservation of aquatic and terrestrial wildlife
populations using buffers.
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What Are Riparian Corridors? Riparian Buffer Zones?

Buffers can include a range of complex vegetation structure, soils, food sources, cover, and water fea-
tures that offer a variety of habitats contributing to diversity and abundance of wildlife such as mammals,
frogs, amphibians, insects, and birds. Buffers can consist of a variety of canopy layers and cover types
including ephemeral (temporary-wet for only part of year) wetlands/seasonal ponds/spring pools, shallow
marshes, deep marshes, wetland meadows, wetland mixed forests, grasslands, shrubs, forests, and/or
prairies. Riparian zones are areas of transition between aquatic and terrestrial ecosystems, and they can
potentially offer numerous benefits to wildlife and people such as pollution reduction and recreation.

In the water resources literature, riparian buffers are referred to in a number of different
ways. Depending on the focus and the intended function of a buffer, or a buffer-related feature, buffers
may be referred to as stream corridors, critical transition zones, riparian management areas, riparian
management zones, floodplains, or green infrastructure.

It is important to note that within an
agricultural context, the term buffer is
used more generally to describe filter-
ing best management practices most
often at the water’s edge. Other prac-
tices which can be interrelated may
also sometimes be called buffers.
These include grassed waterways,
contour buffer strips, wind breaks, ;

field border, shelterbelts, windbreaks, !’E:JP;:MN
living snow fence, or filter strips. P EUFF:EﬁES
These practices may or may not be
adjacent to a waterway as illustrated
in the photo to the right. For example,
a grassed waterway is designed to fil- FILTER f
ter sediment and reduce erosion and STRIPS

may connect to a riparian buffer. . WETLAND

These more limited-purpose practices RESTORATIONS
may link to multipurpose buffers, but
by themselves, they are not adequate
to provide the multiple functions of a
riparian buffer as defined here.

GRASS —
WATERWAYS

\

U.S. Department of Agriculture, Natural Resource
Conservation Service, Ohio Office.

PRELIMINARY DRAFT 6



Managing the Water’s Edge 2

Beyond the Environmental Corridor Concept

The term “environmental corridors” (also known as “green infrastructure”) refers to an inter-
connected green space network of natural areas and features, public lands, and other open spaces
that provide natural resource value. Environmental corridor planning is a process that promotes a
systematic and strategic approach to land conservation and encourages land use planning and practices
that are good for both nature and people. It provides a framework to guide future growth, land
development, and land conservation decisions in appropriate areas to protect both community and
natural resource assets.

Environmental corridors are an essential planning tool for protecting the most important remaining
natural resource features in Southeastern Wisconsin and elsewhere. Since development of the
environmental corridor concept, there have been significant advancements in landscape ecology that
have furthered understanding of the spatial and habitat needs of multiple groups of organisms. In
addition, advancements in pollutant removal practices, stormwater control, and agriculture have
increased our understanding of the effectiveness and limitations of environmental corridors. In protecting
water quality and providing aquatic and terrestrial habitat, there is a need to better integrate new
technologies through their application within riparian buffers.

SEWRPC has embraced and applied the environmental corridor concept developed by Philip
Lewis (Professor Emeritus of Landscape Architecture at the University of Wisconsin-
Madison) since 1966 with the publication of its first regional land use plan. Since then,
SEWRPC has refined and detailed the mapping of environmental corridors, enabling the
corridors to be incorporated directly into regional, county, and community plans and to be
reflected in regulatory measures. The preservation of environmental corridors remains one
of the most important recommendations of the regional plan. Corridor preservation has now
been embraced by numerous county and local units of government as well as by State and
Federal agencies. The environmental corridor concept conceived by Lewis has become an
important part of the planning and development culture in Southeastern Wisconsin.

PRELIMINARY DRAFT 7



Managing the Water’s Edge ©

Beyond the Environmental Corridor Concept

Environmental corridors are divided into the following three categories.

¢ Primary environmental corridors contain concentrations of our most significant natural resources.
They are at least 400 acres in size, at least two miles long, and at least 200 feet wide.

¢ Secondary environmental corridors contain significant but smaller concentrations of natural
resources. They are at least 100 acres in size and at least one mile long, unless serving to link pri-
mary corridors.

o Isolated natural resource areas contain significant remaining resources that are not connected to
environmental corridors. They are at least five acres in size and at least 200 feet wide.

Key Features of Environmental Corridors

e Lakes, rivers, and streams e Unique landforms or geological formations
e Undeveloped shorelands and floodlands e Unfarmed poorly drained and organic soils
e Wetlands e Existing outdoor recreation sites

e Woodlands e Potential outdoor recreation sites

e Prairie remnants e Significant open spaces

o Wildlife habitat e Historical sites and structures

e Rugged terrain and steep slopes e Outstanding scenic areas and vistas

PRELIMINARY DRAFT 8
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Beyond the Environmental Corridor Concept

I Primary

Environmental

[ Secondary
Environmental

Il solated Natural

Resource Area
[ surface Water

Corridor

Corridor

The Minimum Goals of 75 within
Watershed Boundary a Watershed

75% minimum of total stream
length should be naturally vege-
tated to protect the functional in-

tegrity of the water resources.
(Environment Canada, How Much Habitat
is Enough? A Framework for Guiding Habi-
tat Rehabilitation in Great lakes Areas of
Concern, Second Edition, 2004)

75 foot wide minimum riparian

buffers from the top edge of each
stream bank should be naturally
vegetated to protect water quality

and wildlife. (SEWRPC Planning Report

No 50, A Regional Water Quality Manage-

ment Plan for the Greater Milwaukee Wa-
tersheds, December 2007)

Example of how the environmental corridor concept is applied on the
landscape. For more information see “Plan on It!” series Environmental
Corridors: Lifelines of the Natural Resource Base at
http://www.sewrpc.org/SEWRPC/LandUse/EnvironmentalCorridors.htm

I Primary
Environmental Corridor
[ Secondary
Environmental Corridor
Il 'solated Natural
Resource Area
[ surface Water

™7 Riparian Buffer
Expansion

Watershed Boundary

Environmental corridor concept expanded to achieve the
Goals of 75. Note the expanded protection in addition to
the connection of other previously isolated areas.
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Managing the Water’s Edge

Habitat Fragmentation—The Need for Corridors

Southeastern Wisconsin is a complex mosaic of agricultural and ur-
ban development. Agricultural lands originally dominated the land-
scape and remain a major land use. However, such lands continue to
be converted to urban uses. Both of these dominant land uses frag-
ment the landscape by creating islands or isolated pockets of wet-
land, woodland, and other natural lands available for wildlife preser-
vation and recreation. By recognizing this fragmentation of the land-
scape, we can begin to mitigate these impacts.

At the time of conversion of agricultural lands to urban uses,

New developments should
incorporate water quality
and wildlife enhancement or
improvement objectives as
design criteria by looking at the
potential for creating linkages
with adjoining lands and water
features.

there are opportunities to re-create and expand riparian buffers and environmental corridors
reconnecting uplands and waterways and restoring ecological integrity and scenic beauty locally and
regionally. For example, placement of roads and other infrastructure across stream systems could be
limited so as to maximize continuity of the riparian buffers. This can translate into significant cost sav-
ings in terms of reduced road maintenance, reduced salt application, and limited bridge or culvert
maintenance and replacements. This simple practice not only saves the community significant amounts
of money, but also improves and protects quality of life. Where necessary road crossings do occur, they

can be designed to provide for safe fish and wildlife passage.

PRELIMINARY DRAFT
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Managing the Water’s Edge

Habitat Fragmentation—The Need for Corridors

Forest understory plant species abundance among

stands throughout Southern Wisconsin Forest
fragmentation
1950 versus m2005 has led to

800 +——— Losers are shade intolerant, have
poordispersal ability, and/or are

Winners are shade tolerant with
small, easily dispersed seeds,
and/orare poor deer browse

significant plant
species loss

within Southern
Wisconsin

(Adapted from David

Rogers and others,

2008, Shifts in South-
ern Wisconsin Forest
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"...these results confirm the idea that
large intact habitat patches and land-
scapes better sustain native species
diversity. It also shows that people
are a really important part of the sys-
tem and their actions play an increas-
ingly important role in shaping pat-
terns of native species diversity and
community composition. Put to-
gether, it is clear that one of the best
and most cost effective actions we
can take toward safeguarding native

Since the 1950s, forests have increasingly become more
fragmented by land development, both agricultural and
urban, and associated roads and infrastructure, which
have caused these forests to become isolated “islands of
green” on the landscape. In particular, there has been
significant loss of forest understory plant species over
time (shrubs, grasses, and herbs covering the forest
floor.) It is important to note that these forests lost
species diversity even when they were protected as
parks or natural areas.

One major o _
diversity of all types is to protect, en- | ¢ i (a- 45 - l 10% 31%
hance and create corriflors"that link sponsible for o 40 - Loss Loss
patche§ of natural habitat. . this decline in | § 35 -
Dr. David Rogers, Professor of Biology at & 30 -
the University of Wisconsin-Parkside forest plant v

diversity is = 25
that routes for native plants to re-colonize isolated forest 2 20 -
islands are largely cut-off within fragmented landscapes. § 15 -
For example, the less fragmented landscapes in South- 2 10 -
western Wisconsin lost fewer species than the more frag- g 5 -
mented stands in Southeastern Wisconsin. In addition, the 0 :
larger-sized forests and forests with greater connections to Southwaestern Southeastern
surrounding forest lands lost fewer species than smaller Wisconsin Wisconsin
forests in fragmented landscapes. 1950 m 2005
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Managing the Water’s Edge 10

Wider is Better for Wildlife

Why? Because buffer size is the engine that drives important natural functions like food availability and
quality, access to water, habitat variety, protection from predators, reproductive or resting areas, corri-
dors to safely move when necessary, and help in maintaining the health of species’ gene pools to pre-
vent isolation and perhaps extinction.

Minimum Core Habitat Optimal Core Habitat

for Wildlife Protection for Wildlife Protection

A

\m’ N S & V-
J%\‘!"Qqﬁ X J % i)

N lT R

A~

Stream,
Pond,or = !
Wetland

Buffer Width (Feet)

L . 0 100 200 300 400 500 600 700 800 900
Riparian Function — A

Noise Reduction

Instream Habitat
Streambank Stability
Water Temperature
Sustainable Woody Debris
Pollutant Removal
>75% Nutrient Removal
>75% Sediment Filtration
Wildlife
Migrating Songbirds

Fishes & Aquatic Insects

Microclimate Influence

Mammals

|

Birds | | | 2,600 '
Salamanders | | | 1,500
Turtles [ | I —

|
Snakes 2,300

| | I |

Frogs : | | 1,900 )

== Minimum Effective Protection Zone Maximum Effective Protection Zone

One riparian buffer size does not fit all conditions or needs. There are many riparian buffer func-
tions and the ability to effectively fulfill those functions is largely dependent on width. Determining
what buffer widths are needed should be based on what functions are desired as well as site conditions.
For example, as shown above, water temperature protection generally does not require as wide a
buffer as provision of habitat for wildlife. Based on the needs of wildlife species found in Wisconsin, the
minimum core habitat buffer width is about 400 feet and the optimal width for sustaining the majority
of wildlife species is about 900 feet. Hence, the value of large undisturbed parcels along waterways
which are part of, and linked to, an environmental corridor system. The minimum effective buffer width
distances are based on data reported in the scientific literature and the quality of available habitats
within the context of those studies.
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Managing the Water’s Edge

Wider is Better for Wildlife

Wildlife habitat needs change within and among species. Minimum
Core Habitat and Optimum Core Habitat distances were de-
veloped from numerous studies to help provide guidance for
biologically meaningful buffers to conserve wildlife biodiver-
sity. These studies documented distances needed for a variety of
biological (life history) needs to sustain healthy populations such as
breeding, nesting, rearing young, foraging/feeding, perching (for
birds), basking (for turtles), and overwintering/dormancy/
hibernating. These life history needs require different types of habi-
tat and distances from water, for example, one study found that
Blanding’s turtles needed approximately 60-foot-wide buffers for
basking, 375 feet for overwintering, and up to 1,200 feet for nest-
ing to bury their clutches of eggs. Some species of birds like the
Blacked-capped chickadee or white breasted nuthatch only need
about 50 feet of buffer, while others like the wood duck or great

11

3 A B0
Although Ambystoma salaman-
ders require standing water for
egg laying and juvenile develop-
ment, most other times of the
year they can be found more than

blue 400 feet from water foraging for
Wisconsin Mimimum Optimum Number |heron food.
Species Core Core of require
Habitat Habitat Studies |700-800 feet for nesting. Therefore, under-
(feet) (feet) standing habitat needs for wildlife spe-
Frogs 571 1,043 9 cies is an important consideration in de-
Salamanders 394 205 14 signing riparian buffers.
Snakes 551 997 5
Turtles 446 889 27 2Edge habitat
@ Interior habitat
Birds 394 787 45
Mammals 263 No data 11 D @
Fishes and 100 No data 11
Aquatic Insects '
1ac 10 ac 100 ac
Mean 388 885 100% Edge 68% Edge 27% Edge
0% Interior 32% Interior 73% Interior

This approach was adapted from R.D. Semlitsch and
J.R. Bodie, 2003, Biological Criteria for Buffer Zones
around Wetlands and Riparian Habitats for Amphibian
and Reptiles, Conservation Biology, 17(5):1219-1228.
These values are based upon studies examining species
found in Wisconsin and represent mean linear distances
extending outward from the edge of an aquatic habitat.
The Minimum Core Habitat and Optimum Core Habitat
reported values are based upon the mean minimum
and mean maximum distances recorded, respectively.
Due to a low number of studies for snake species, the
recommended distances for snakes are based upon val-
ues reported by Semlitsch and Bodie.

“Large patches typically conserve a
greater variety and quality of habitats,
resulting in higher species diversity and
abundance.” Larger patches contain
greater amounts of interior habitat and less
edge effects, which benefits interior species,
by providing safety from parasitism, dis-
ease, and invasive species.

(Bentrup, G. 2008. Conservation buffers: design guide-
lines for buffers, corridors, and greenways. Gen. Tech.

Rep. SRS-109. Asheville, NC: Department of Agricul-
ture, Forest Service, Southern Research Station)
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Managing the Water’'s Edge 12

Maintaining Connections is Key

Like humans, all forms of wildlife require access to clean water. Emerging research has increasingly
shown that, in addition to water, more and more species such as amphibians and reptiles cannot per-
sist without landscape connectivity between quality wetland and upland habitats. Good connectivity to
upland terrestrial habitats is essential for the persistence of healthy sustainable populations, because
these areas provide vital feeding, overwintering, and nesting habitats found nowhere else. Therefore,
both aquatic and terrestrial habitats are essential for the preservation of biodiversity and they should
ideally be managed together as a unit.

Protection Zone

Opportunities
for Expansion \C—. - -~-°-""°"==

Land devel-
opment
practices

near
streams,
lakes, or
wetlands
need to ad-
dress the Wetland
issue of
maintaining
connectivity
with quality
upland habi-
tats to pre-
serve wildlife
biodiversity.

Qpportdhitj_és ----- __ Opportunities -
for Expansion for Outreach =~

Increasing connectivity among quality natural land-
scapes (wetlands, woodlands, prairies) can benefit bio-
diversity by providing access to other areas of habitat,
increasing gene flow and population viability, enabling
recolonization of patches, and providing habitat
(Bentrup 2008).
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Managing the Water’s Edge 12

Basic Rules to Better Buffers

Protecting the integrity of native species in There are opportunities to improve buffer functions to im-
the region is an objective shared by many prove water quality and wildlife habitat, even in urban

communities. The natural environment is an situations
essential component of our existence and # j
contributes to defining our communities and
neighborhoods. Conservation design and
open space development patterns in urbaniz-
ing areas and farm conservation programs in
rural areas have begun to address the impor-
tance of maintaining and restoring riparian
buffers and connectivity among corridors.

How wide should the buffer be? Unfortu-
nately, there is no one-size-fits all buffer Cha
width adequate to protect water quality, wild- e

life habitat, and human needs. Therefore, the
answer to this question depends upon the
predetermined needs of the landowner and community objectives or goals.

As riparian corridors become very wide, their pollutant removal (buffering) effectiveness may reach a point
of diminishing returns compared to the investment involved. However, the prospects for species diversity in
the corridor keep increasing with buffer width. For a number of reasons, 400- to 800-foot-wide buffers are
not practical along all lakes, streams, and wetlands within Southeastern Wisconsin. Therefore, communities
should develop guidelines that remain flexible to site-specific needs to achieve the most benefits for water
resources and wildlife as is practical.

Key considerations to better buffers/corridors:

e Wider buffers are better than narrow buffers for water quality and wildlife functions

e Continuous corridors are better than fragmented corridors for wildlife

e Natural linkages should be maintained or restored

e Linkages should not stop at political boundaries

e Two or more corridor linkages are better than one

e Structurally diverse corridors (e.g., diverse plant structure or community types, upland and wet-
land complexes, soil types, topography, and surficial geology) are better than corridors with sim-
ple structures

e Both local and regional spatial and temporal scales should be considered in establishing buffers

e Corridors should be located along dispersal and migration routes

e Corridors should be located and expanded around rare, threatened, or endangered species

e Quality habitat should be provided in a buffer whenever possible

e Disturbance (e.g. excavation or clear cutting vegetation) of corridors should be minimized during
adjacent land use development

e Native species diversity should be promoted through plantings and active management

¢ Non-native species invasions should be actively managed by applying practices to preserve native
species

e Fragmentation of corridors should be reduced by limiting the number of crossings of a creek or
river where appropriate

e Restoration or rehabilitation of hydrological function, streambank stability, instream habitat, and/
or floodplain connectivity should be considered within corridors.

e Restoration or retrofitting of road and railway crossings promotes passage of aquatic organisms

PRELIMINARY DRAFT 15



Managing the Water’s Edge 1

Creeks and Rivers Need to Roam Across the Landscape

Much of Southeastern Wisconsin’s topogra-
phy is generally flat with easily erodible
soils, and therefore, dominated by low gra-
dient stream systems. These streams me-
ander across the landscape, forming me-
ander belts that are largely a function of
the characteristics of the watershed drain-
ing to that reach of stream. For water-
sheds with similar landcovers, as water-
shed size increases so does the width of
the meander belt.

It is not uncommon for a stream in
Southeastern Wisconsin to migrate
more than 1 foot within a single year!

Healthy streams naturally meander or migrate Room to Roam

across a landscape over time. Streams are transport

systems for water and sediment and are continually Riparian buffer widths should take into ac-
eroding and depositing sediments, which causes the count the amount of area that a stream
stream to migrate. When the amount of sediment load needs to be able to self-adjust and maintain
coming into a stream is equal to what is being trans- itself in a state of dynamic equilibrium. ...
ported downstream—and stream widths, depths, and These are generally greater than any mini-
length remain consistent over time—it is common to re- mum width needed to protect for pollutant
fer to that stream as being in a state of “dynamic removal alone.

equilibrium.” In other words the stream retains its

physical dimensions (equilibrium), but those physical features are shifted, or migrate, over time
(dynamic).

Streams are highly sensitive, and they
respond to changes in the amounts of
water and sediment draining to them, which
are affected by changing land use conditions.
For example, streams can respond to
increased discharges of water by increased
scour (erosion) of bed and banks that leads
to an increase in stream width and depth—or
“degradation.” Conversely, streams can
respond to increased sedimentation
(deposition) that leads to a decrease in
channel width and depth—or “aggradation.”

PRELIMINARY DRAFT 16



Managing the Water’s Edge 15

Why Should You Care About Buffers?

Economic Benefits:

e Increased value of riparian property

Reduced lawn mowing time and expense

e Increased shade to reduce building cooling
costs

e Natural flood mitigation protection for
structures or crops

e Pollution mitigation (reduced nutrient and
contaminant loading)

o Increased infiltration and groundwater
recharge

e Prevented loss of property (land or struc-

tures) through erosion

e Greater human and ecological health

through biodiversity

L]

Recreational Benefits:

e Increased quality of the canoeing/kayaking
experience

e Improved fishing and hunting quality by
improving habitat

e Improved bird watching/wildlife viewing
quality and opportunities

e Increased potential for expansion of trails for
hiking and bicycling

e Opportunities made available for youth and
others to locally reconnect with nature

Social Benefits:

e Increased privacy

e Educational opportunities for outdoor
awareness

o Improved quality of life at home and work

e Preserved open space/balanced character of
a community

e Focal point for community pride and group
activities

e Visual diversity

¢ Noise reduction

PRELIMINARY DRAFT 17



Managing the Water’s Edge 18

A Matter of Balance

Although neatly trimmed grass lawns are
popular, these offer limited benefits for wa-
ter quality or wildlife habitat. A single house
near a waterbody may not seem like a “big
deal,” but the cumulative effects of many
houses can negatively impact streams,

’ lakes, and wetlands.

All the lands within Southeastern Wis-
consin ultimately flow into either the
Mississippi River or the Great Lakes
systems. The cumulative effects of ag-
riculture and urban development in the
absence of mitigative measures, ulti-
mately affects water quality in those
systems. Much of this development causes
increases in water runoff from the land into
wetlands, ponds, and streams. This runoff
transports water, sediments, nutrients, and
other pollutants into our waterways that can lead to a number of problems, including flooding that can
cause crop loss or building damage; unsightly and/or toxic algae blooms; increased turbidity; damage
to aquatic organisms from reduced dissolved oxygen, lethal temperatures, and/or concentrations of
pollutants; and loss of habitat.

2o Ll i)
) T

University of Wisconsin—Extension

Riparian buffers are one of the most effective tools available for defending our waterways. Riparian
buffers can be best thought of as forming a living, self-sustainable protective shield. This shield pro-
tects investments in the land and all things on it as well as our quality of life locally, regionally, and,
ultimately, nationally. Combined with stormwater management, environmentally friendly yard care, ef-
fective wastewater treatment, conservation farming methods, and appropriate use of fertilizers and
other agrichemicals, riparian buffers complete the set of actions that we can take to minimize
impacts to our shared water resources.

Lakeshore buffers can take many forms,
which require a balancing act between lake
viewing, access, and scenic beauty. Lake-
shore buffers can be integrated into a land-
scaping design that complements both the
structural development and a lakeside life-
style. Judicious placement of access ways

and shoreline protection structures, and
preservation or reestablishment of native

vegetation, can enhance and sustain our use
of the environment.
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Managing the Water’s Edge

Case Study—Agricultural Buffers

17

Agricultural nonpoint source pollution runoff continues to pose a threat to water quality and aquatic
ecosystems within Wisconsin and elsewhere. In an effort to address this problem, the Wisconsin Buffer
Initiative was formed with the goal of designing a buffer implementation program to achieve science-
based, cost-effective, water quality improvements (report available online at http://

www.soils.wisc.edu/extension/nonpoint/wbi.php).

Challenge:

While it is true that riparian buffers alone may not al- Buffers may take Iaer out ‘?f‘ cultivated crop
ways be able to reduce nutrient and sediment loading | Production and require additional cost to in-

from agricultural lands, WBI researchers found that

stall and maintain. Cost sharing, paid ease-

“...riparian buffers are capable of reducing large ments, and purchase of easements or devel-

percentages of the phosphorus and sediment
that are currently being carried by Wisconsin

streams. Even in watersheds with extremely

high loads (top 10%), an average of about 70%
of the sediment and phosphorus can be reduced

through buffer implementation.” (Diebel, M.J. and oth-
ers, 2009, Landscape planning for agricultural nonpoint source pol-

opment rights may sometimes be available to
offset costs.

Benefits:

Buffers may offset costs by producing peren-
nial crops such as hay, lumber, fiber, nuts,
fruits, and berries. In addition, they provide

lution reduction III: Assessing Phosphorus and sediment reduction visual diversity on the landscape, help main-
potential, Environmental Management, 43:69-83.).

Federal and state natural resource agencies have long
recognized the need to apply a wide range of Best

tain long-term crop productivity, and help
support healthier fish populations for local
enjoyment.

Management Practices on agricultural lands to improve stream water quality. Although there are many
tools available in the toolbox to reduce pollutant runoff from agricultural lands, such as crop rotations,
nutrient and manure management, conservation tillage, and contour plowing, riparian buffers are one

Visual Diversity

Aquatic habitat

needed

plan

Filter Agricultural Runoff

Determine what benefits are needed.

Cropland Runoff

Economic Products

The USDA in Agroforestry Notes (AF Note-4,

January 1997) outlines a four step process for

designing riparian buffers for Agricultural lands:
1-Determine what buffers functions are

2-Identify the best types of vegetation to
provide the needed benefits

3-Determine the minimum acceptable
buffer width to achieve desired benefits

4-Develop an installation and maintenance

of the most effective tools to accomplish this task.
Their multiple benefits and inter-connectedness
from upstream to downstream make riparian buff-
ers a choice with watershed-wide benefits.

TTTTTIIATITT

AL LTI

Drain tiles can bypass infiltration and filtration of
pollutants by providing a direct pathway to the
water and “around” a buffer. This is important to
consider in design of a buffer system which inte-
grates with other agricultural practices.
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Case Study—Urbanizing Area Buffers

When development occurs near a water-
body, the area in driveways, rooftops,
sidewalks, and lawns increases, while na-
tive plants and undisturbed soils decrease.
As a result, the ability of the shoreland
area to perform its natural functions (flood
control, pollutant removal, wildlife habitat,
and aesthetic beauty) is decreased. In the
absence of mitigating measures, one the
consequences of urban development is an
increase in the amount of stormwater,
which runs off the land instead of infiltrat-
ing into the ground. Therefore, urbaniza-
tion impacts the watershed, not only
by reducing groundwater recharge,
but also by changing stream hydrology
through increased stormwater runoff vol-
umes and peak flows. This means less wa-
ter is available to sustain the baseflow re-
gime. The urban environment also contains
increased numbers of pollutants and gen-
erates greater pollutant concentrations and

Comparlson of hydrographs before and after urbaniza-
tion. Note the rapid runoff and greater peak streamflow

tied to watershed development. (Adapted from Federal Inter-
agency Stream Restoration Working Group (FISRWG), Stream Corridor
Restoration: Principles, Processes, and Practices, October 1998)

loads than any other land use. This reflects the

higher density of the human population and
associated activities, which demand measures
to protect the urban water system.

Mitigation of urban impacts may be as simple
as not mowing along a stream corridor or
changing land management and yard care
practices, or as complex as changing zoning
ordinances or widening riparian corridors
through buyouts.

Anatomy of an urban riparian buffer

-

& Y /@?% TN

outer middle streamside ™
zone zone zone

The most effective urban buffers have three

Challenge:

Urban development requires balancing
flood protection, water quality protec-
tion, and the economic viability of the

development.

Opportunities:

Buffers may offset costs by providing ade-
quate space for providing long-term water
quantity and water quality protection. In ad-
dition, they provide visual diversity on the
landscape, wildlife habitat and connected-
ness, and help maintain property values.

zones:
Outer Zone-Transition area between the intact

buffer and nearest permanent structure to cap-
ture sediment and absorb runoff.

Middle Zone-Area from top of bank to edge of
lawn that is composed of natural vegetation
that provides wildlife habitat as well as im-
proved filtration and infiltration of pollutants.

Streamside Zone-Area from the water’s edge to
the top of the bank or uplands that provides
critical connection between water, wetland, and
upland habitats for wildlife as well as protect

streams from bank erosion
(Fact sheet No. 6 Urban Buffer in the series Riparian Buffers for

Northern New Jersey )
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Case Study—Urban Buffers

Placement of riparian buffers in established
urban areas is a challenge that requires new
and innovative approaches. In these areas, his-
torical development along water courses limits op-
tions and requires balancing flood management
protection versus water quality and environmental
protection needs. Consequently, some municipali-
ties have begun to recognize the connections be-
tween these objectives and are introducing pro-
grams to remove flood-prone structures and cul-
verts from the stream corridors and allow recrea-
tion of the stream, restoring floodplains, and im-
proving both the quality of life and the environ-
ment.

Onsite
Infiltrate and hold more water onsite

Infiltration best management practices:
downspout disconnection - rain barrels - green
roofs - porous pavement - soil stabilization

Transport
Prevent and remove pollutants

Stormwater management practices: well

vegetated swales - street sweeping - salt

reduction - erosion contrel enforcement -
stenciling at storm sewer inlets

Buffer
Promote additional infilitration

Land management practices: moving storm
sewer outlets - limiting mowing - expanding
corridors - native plantings - recreational trail
expansion

Movement of Water

—— _‘l

Stream
\ | Enhance natural stream function

Instream management practices: concrete
removal - fish passage improvements at
culverts - dam and drop structure removal -
habitat creation and re-meandering -
reconnecting to the floodplain - streambank
stabilization

In urban settings it may be necessary to limit
pollution and water runoff before it reaches the
buffer.

Challenge:
There are many potential constraints to estab-
lishing, expanding, and/or managing riparian
buffers within an urban landscape. Two major
constraints to establishment of urban buffers in-
clude:
1) Limited or confined space to establish
buffers due to encroachment by structures
such as buildings, roadways, and/or sewer
infrastructure;
2) Fragmentation of the landscape by
road and railway crossings of creeks and riv-
ers that disrupt the linear connectedness of
buffers, limiting their ability to provide qual-
ity wildlife habitat.

Much traditional stormwater infrastructure inter-
cepts runoff and diverts it directly into creeks
and rivers, bypassing any benefits of buffers to
infiltrate or filter pollutants. This is important to
consider in design of a buffer system for urban
waterways, which begin in yards, curbsides, and
construction sites, that are figuratively as close
to streams as the nearest storm sewer inlet.
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A Buffer Design Tool

Design aids are needed to help municipalities, property owners, and others take the
“guesswork” out of determining adequate buffer widths for the purpose of water resource qual-
ity protection. While there are various complex mathematical models that can be used to estimate sedi-
ment and nutrient removal efficiencies, they are not easily applied by the people who need them in-
cluding homeowners, farmers, businesses and developers.

To fill this gap, design aid tools are being developed using factors such as slope, soils, field length, in-
coming pollutant concentrations, and vegetation to allow the user to identify and test realistic buffer
widths with respect to the desired percent pollutant load reduction and storm characteristics. By devel-
oping a set of relationships among factors that determine buffer effectiveness, the width of buffer
needed to meet specific goals can be identified.

In the example below, 50-foot-wide buffers are necessary to achieve 75 % sediment removal during
small, low intensity storms, while buffers more than 150 feet wide are necessary to achieve the same
sediment reduction during more severe storms. Based on this information, decision-makers have the
option of fitting a desired level of sediment removal into the context of their specific conditions. Under
most conditions, a 75-foot width will provide a minimum level of protection for a variety of needs
(SEWRPC PR No. 50, Appendix O.)

09 It is well known that buffers are effec-

0.8 tive tools for pollutant removal, but un-
til easy-to-use design aid tools are

07 developed for Southern Lake Michi-

gan basin conditions, we can never
get beyond the current one size fits

0.61 Larger, all approach.
Less
05- Frequent

Storms

0.4 1

0.31

Sediment Delivery Ratio (SDR)

75% Sediment Reduction Line

Smaller,
0.2 More
Frequent
0.1 Storms
0 h v i 4 B . . : .
0 75 150 225 300

Buffer Width (ft)

This generalized graph depicts an example of model output for an optimal buffer width to achieve a
75% sediment reduction for a range of soil and slope, vegetation, and storm conditions characteristic of

North Carolina. (Adapted from Mufioz-Carpena R., Parsons J.E.. 2005. VFSMOD-W: Vegetative Filter Strips Hydrology and
Sediment Transport Modeling System v.2.x. Homestead, FL: University of Florida.
http://carpena.ifas.ufl.edu/vfsmod/citations.shtml )
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Buffers Are A Good Defense

Today’s natural resources are under threat. These threats
are immediate as in the case of chemical accidents or ma-
nure spills, and chronic as in the case of stormwater pol-
lution carrying everything from eroded soil, to fertilizer
nutrients, to millions of drips from automobiles and other
sources across the landscape. Non-native species have
invaded, and continue to invade, key ecosystems and
have caused the loss of native species and degradation of
their habitats to the detriment of our use of important re-
sources.

A more subtle, but growing, concern is the case of
stresses on the environment resulting from climate

21

"Riparian ecosystems are naturally
resilient, provide linear habitat connec-
tivity, link aquatic and terrestrial ecosys-
tems, and create thermal refugia for wild-
life: all characteristics that can contribute
to ecological adaptation to climate
change.”

(N. E. Seavy and others, Why Climate Change Makes
Riparian Restoration More Important Than Ever:
Recommendations for Practice and Research, 2009,
Ecological Restoration 27(3):330-338)

change. Buffers present an opportunity for natural systems to adapt to such changes by providing the
space to implement protective measures while also serving human needs. Because riparian buffers
maintain an important part of the landscape in a natural condition, they offer opportunities

for communities to adjust to our changing world.

Well-managed riparian buffers are a good defense against these threats. In combination with environ-
mental corridors, buffers maintain a sustainable reserve and diversity of habitats, plant and animal
populations, and genetic diversity of organisms, all of which contribute to the long-term preservation of
the landscape. Where they are of sufficient size and connectivity, riparian buffers act as reservoirs of
resources that resist the changes that could lead to loss of species.

i ' bl

Refuge or protection from increased water tempera-
tures as provided by natural buffers is important for
the preservation of native cold-water, cool-water, and

warm-water fishes and their associated communities.

‘A“
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Buffers Provide Opportunities

River, lake, and wetland systems and their associated riparian lands form an important ele-
ment of the natural resource base, create opportunities for recreation, and contribute to attrac-
tive and well-balanced communities. These resources can provide an essential avenue for relief of
stress among the population and improve quality of life in both urban and rural areas. Such uses also
sustain industries associated with outfitting and supporting recreational and other uses of the natural
environment, providing economic opportunities. Increasing access and assuring safe
use of these areas enhances public awareness and commitment to natural resources.
Research has shown that property values are higher adjoining riparian corridors, and
that such natural features are among the most appreciated and well-supported parts
of the landscape for protection.

ING
SON
o

We demand a lot from our
riparian buffers!

Sustaining this range of uses
requires our commitment to
protect and maintain them.

sTary
MATURAN
AREA

——g T
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Summary

The following guidance suggestions highlight key points to improve riparian corridor management and
create a more sustainable environment.

Riparian corridors or buffers along our waters may contain varied features, but all are best
preserved or designed to perform multiple important functions.

Care about buffers because of their many benefits. Riparian buffers make sense and are profitable
monetarily, recreationally, aesthetically, as well as environmentally.

Enhance the environmental corridor concept. Environmental corridors are special resources which
deserve protection. They serve many key riparian corridor functions, but in some cases, could also
benefit from additional buffering.

Avoid habitat fragmentation of riparian corridors. It is important to preserve and link key re-
source areas, making natural connections and avoiding habitat gaps.

Employ the adage “wider is better” for buffer protection. While relatively narrow riparian buffers
may be effective as filters for certain pollutants, that water quality function along with infiltration of
precipitation and runoff and the provision of habitat for a host of species will be improved by expand-
ing buffer width where feasible.

Allow creeks and rivers room to roam across the landscape. Streams are dynamic and should be
buffered adequately to allow for natural movement over time while avoiding problems associated with
such movement.

Consider and evaluate buffers as a matter of balance. Riparian buffers are a living, self-
sustainable shield that can help balance active use of water and adjoining resources with environmental
protection.

Agricultural buffers can provide many benefits. Riparian buffers in agricultural settings generally
work well, are cost-effective, and can provide multiple benefits, including possibly serving as areas to
raise certain crops.

Urban buffers should be preserved and properly managed. Though often space-constrained and
fragmented, urban buffers are important remnants of the natural system. Opportunities to establish or
expand buffers should be considered, where feasible, complemented by good stormwater management,
landscaping, and local ordinances, including erosion controls.

A buffer design tool is needed and should be developed. Southeastern Wisconsin and the South-
ern Lake Michigan Basin would benefit from development of a specific design tool to address the water
quality function of buffers. Such a tool would improve on the currently available general guidance on
dimensions and species composition.

Buffers are a good defense. Combined with environmental corridors, riparian buffers offer a good
line of defense against changes which can negatively impact natural resources and the landscape.

University of Wisconsin—Extension
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MORE TO COME

Future editions in a riparian buffer planning series are being explored with the intent of focusing on key
elements of this critical land and water interface. Topics may include:

Information sharing and development of ordinances to integrate riparian buffers into
existing land management plans and programs

Integration of stormwater management practices and riparian buffer best management
practices

Application of buffers within highly constrained urban corridors with and without brownfield
development

Installation of buffers within rural or agricultural lands being converted to urban uses
Utilization of buffers in agricultural areas and associated drainage systems

Integration of riparian buffers into environmental corridors to support resources preserva-
tion, recreation and aesthetic uses

Preservation of stream courses and drainageways to minimize maintenance and promote
protection of infrastructure

Guidance for retrofitting, replacement, or removal of infrastructure such as dams and road
crossings, to balance transportation, recreation, aesthetic, property value, and environ-
mental considerations.

Protection of groundwater recharge and discharge areas

Protection of high quality, sensitive coastal areas, including preservation of recreational
potential

MORE INFORMATION

This booklet can be found at http://www.sewrpc.org/RBMG-nol . Please visit the website for more infor-
mation, periodic updates, and a list of complementary publications.

*k kX%

This publication may be printed without permission but please give credit to the Southeastern Wisconsin
Regional Planning Commission for all uses,

W239 N1812 Rockwood Drive, Waukesha, WI, 53187-1607

262-547-6721.
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Figure R.1
Examples of Areas That Should be Identified in Maps R.1 Through R.22 to Implement Recommendations

E: POTENTIAL RIPARIAN BUFFER EXPANSION AREAS
4 PROTECTED FROM DEVELOPMENT
(RED, ORANGE, AND YELLOW WITH NO CROSSHATCH)

RECOMMENDATIONS
® Priority for riparian buffer establishment and/or
restoration with appropriate native riparian vegetation

D: MINIMAL EXISTING OR POTENTIAL RIPARIAN BUFFER B4 : A: PROTECTED EXISTING RIPARIAN BUFFER AREAS
(RED AREAS WITH AND WITHOUT CROSSHATCH) L = || ) (GREEN WITH NO CROSSHATCH)
RECOMMENDATIONS v 4 RECOMMENDATIONS
@ Priority to establish riparian buffer with } 4 | | @ Promote awareness and education to prevent

appropriate riparian vegetation to the et : inadvertent damage to these areas

largest extent practicable ( 1 ® Promote low impact public use and
o For areas where riparian buffer establishment - recreatio.nal access wljere possible

is not possible, priority should be for installation § ® Manage invasive species

of stormwater BMPs to treat runoff from adjacent

land (rain barrels, porous pavement, rain gardens,

bioswales, etc.)

(GREEN WITH CROSSHATCH)
RECOMMENDATIONS
® Priority for purchase and/or protection

C: POTENTIAL RIPARIAN BUFFER EXPANSION AREAS
THAT ARE VULNERABLE TO DEVELOPMENT
(RED, YELLOW, ORANGE WITH CROSSHATCH)
RECOMMENDATIONS
® Priority for purchase and/or protection
® Priority for riparian buffer establishment

and/or restoration with appropriate native
riparian vegetation to largest extent praacable

“‘ov

) s i —Z

LANDS UNDER SOME FORM OF PROTECTION
(NOT CROSS HATCHED)

EXISTING RIPARIAN BUFFERS —_—
(DELINEATED BY SEWRPC STAFF USING PERENNIAL STREAM
2015 DIGITAL ORTHOPHOTOGRAPHY) ———— PERENNIAL STREAM (ENCLOSED)

75-FOOT MINIMUM e = INTERMITTENT STREAM

RECOMMENDED BUFFER WIDTH
400-FOOT MINIMUM CORE HABITAT ——= INTERMITTENT STREAM (ENCLOSED)

WIDTH FOR WILDLIFE PROTECTION SURFACE WATER

1,000-FOOT OPTIMAL CORE HABITAT
WIDTH FOR WILDLIFE PROTECTION

VULNERABLE LANDS (CROSS HATCHED) 0 750 1,500 Feet
e g —

” EXISTING OR POTENTIAL RIPARIAN BUFFER LANDS
m WITH NO FORM OF PUBLIC INTEREST OWNERSHIP Source: SEWRPC

z

=
I
=
]
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Map R.1
Existing and Potential Riparian Buffer Areas Within the
Lower Oak Creek - Grant Park Ravine Assessment Area: 2015

|

Oak Creek Watershed Assessment [&
Area Location Map

Lower Oak
Creek -
Grant Park
Ravine

LANDS UNDER SOME FORM OF PROTECTION
(NOT CROSS HATCHED) D OAK CREEK WATERSHED BOUNDARY

I ELSTING RIPARIAN BUFFERS
(DELINEATED BY SEWRPC STAFF USING
2015 DIGITAL ORTHOPHOTOGRAPHY) [ ASSESSMENT AREA BOUNDARIES
. —— e sy )
———  PERENNIAL STREAM (ENCLOSED)
[[] 400-FOOT MINIMUM CORE HABITAT
WIDTH FOR WILDLIFE PROTECTION —=== INTERMITTENT STREAM
[ ] 1,000FOOT OPTIMAL CORE HABITAT —w—w=  INTERMITTENT STREAM (ENCLOSED)
WIDTH FOR WILDLIFE PROTECTION SURFACE WATER
VULNERABLE LANDS (CROSS HATCHED) O 0 00Tt
7 EXISTING OR POTENTIAL RIPARIAN BUFFER LANDS A
/] Wit NG FORM OF PUBLIC INTEREST OWNERSHIP Source: SEWRPC
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Map R.2
Existing and Potential Riparian Buffer Areas Within the
Lower Oak Creek — Mill Pond Assessment Area (Inset 1): 2015

Oak Creek Watershed Assessment
Area Location Map

Oak Creek-
Mill Pond
(Inset 1)

LANDS UNDER SOME FORM OF PROTECTION
(NOT CROSS HATCHED)

EXISTING RIPARIAN BUFFERS

D OAK CREEK WATERSHED BOUNDARY
- (DELINEATED BY SEWRPC STAFF USING

2015 DIGITAL ORTHOPHOTOGRAPHY) [_] assessmenT area BOUNDARIES
P 5Fo0T MinNiMuMm ———  PERENNIAL STREAM N

RECOMMENDED BUFFER WIDTH

———  PERENNIAL STREAM (ENCLOSED)

[ 400-FOOT MINIMUM CORE HABITAT

WIDTH FOR WILDLIFE PROTECTION —w=== INTERMITTENT STREAM
[ ] 1.000-FOOT OPTIMAL CORE HABITAT —w=== INTERMITTENT STREAM (ENCLOSED)

WIDTH FOR WILDLIFE PROTECTION

SURFACE WATER
VULNERABLE LANDS (CROSS HATCHED) 0 500 1,000 Feet
e —

7 EXISTING OR POTENTIAL RIPARIAN BUFFER LANDS
v/ WITH NO FORM OF PUBLIC INTEREST OWNERSHIP Source: SEWRPC
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Map R.3

Existing and Potential Riparian Buffer Areas Within the

Lower Oak Creek — Mill Pond Assessment Area (Inset 2): 2015

LANDS UNDER SOME FORM OF PROTECTION
(NOT CROSS HATCHED)

EXISTING RIPARIAN BUFFERS
(DELINEATED BY SEWRPC STAFF USING
2015 DIGITAL ORTHOPHOTOGRAPHY)

400-FOOT MINIMUM CORE HABITAT
WIDTH FOR WILDLIFE PROTECTION

1,000-FOOT OPTIMAL CORE HABITAT
WIDTH FOR WILDLIFE PROTECTION

VULNERABLE LANDS (CROSS HATCHED)

” EXISTING OR POTENTIAL RIPARIAN BUFFER LANDS
WITH NO FORM OF PUBLIC INTEREST OWNERSHIP

=
- ZKE&FSBEI)J/I E/Il\llll\D“Ehl/DIUB'\LAJ FFER WIDTH
=
]

Oak Creek Watershed Assessment|
Area Location Map

Lower

Oak Creek-
Mill Pond
(Inset 2)
D OAK CREEK WATERSHED BOUNDARY
[ AssESSMENT AREA BOUNDARIES
———  PERENNIAL STREAM N
———  PERENNIAL STREAM (ENCLOSED)
—wm= INTERMITTENT STREAM
—wmw=  INTERMITTENT STREAM (ENCLOSED)
SURFACE WATER
0 500 1,000 Feet
T e —

Source: SEWRPC
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Map R.4
Existing and Potential Riparian Buffer Areas Within the Lower Oak Creek Assessment Area (Inset 1): 2015

Oak Creek Watershed Assessment
Area Location Map

Oak Creek
(Inset 1)

2

LANDS UNDER SOME FORM OF PROTECTION
(NOT CROSS HATCHED)

[ EXSTING RIPARIAN BUFEERS [ ok creex warersHeD BOUNDARY
(DELINEATED BY SEWRPC STAFF USING
2015 DIGITAL ORTHOPHOTOGRAPHY) :] ASSESSMENT AREA BOUNDARIES
- 75-FOOT MINIMUM ~N
RECOMMENDED BUFFER WIDTH PERENNIAL STREAM
I:l 400-FOOT MINIMUM CORE HABITAT PERENNIAL STREAM (ENCLOSED)
WIDTH FOR WILDLIFE PROTECTION
|:| 1,000-FOOT OPTIMAL CORE HABITAT INTERMITTENT STREAM
WIDTH FOR WILDLIFE PROTECTION —w—= INTERMITTENT STREAM (ENCLOSED)
VULNERABLE LANDS (CROSS HATCHED) SURFACE WATER 0 500 1,000 Feet
m EXISTING OR POTENTIAL RIPARIAN BUFFER LANDS e e P—
) WITH NO FORM OF PUBLIC INTEREST OWNERSHIP Source: SEWRPC
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Map R.5
Existing and Potential Riparian Buffer Areas Within the Lower Oak Creek Assessment Area (Inset 2): 2015

Oak Creek Watershed Assessment
Area Location Map

Lower |
Oak Creek
(Inset 2)

LANDS UNDER SOME FORM OF PROTECTION
(NOT CROSS HATCHED)

- EXISTING RIPARIAN BUFFERS D OAK CREEK WATERSHED BOUNDARY
(DELINEATED BY SEWRPC STAFF USING
2015 DIGITAL ORTHOPHOTOGRAPHY) D ASSESSMENT AREA BOUNDARIES
- 75-FOOT MINIMUM N
RECOMMENDED BUFFER WIDTH ———  PERENNIAL STREAM
- 400-FOOT MINIMUM CORE HABITAT ———  PERENNIAL STREAM (ENCLOSED)
WIDTH FOR WILDLIFE PROTECTION
E 1,000-FOOT OPTIMAL CORE HABITAT INTERMITTENT STREAM
WIDTH FOR WILDLIFE PROTECTION —ww—w= INTERMITTENT STREAM (ENCLOSED)
VULNERABLE LANDS (CROSS HATCHED) SURFACE WATER 0 500 1,000 Feet
T —
7 EXISTING OR POTENTIAL RIPARIAN BUFFER LANDS
s WITH NO FORM OF PUBLIC INTEREST OWNERSHIP Source: SEWRPC
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Map R.6
Existing and Potential Riparian Buffer Areas Within the Lower Oak Creek Assessment Area (Inset 3): 2015

% ¥ N
Creek Watershed Assessment
Area Location Map

Oak

Lower
Oak Creek
(Inset 3)

LANDS UNDER SOME FORM OF PROTECTION
(NOT CROSS HATCHED)
EXISTING RIPARIAN BUFFERS D OAK CREEK WATERSHED BOUNDARY

B (DELINEATED BY SEWRPC STAFF USING
2015 DIGITAL ORTHOPHOTOGRAPHY) :] ASSESSMENT AREA BOUNDARIES
P 15500 MiniMuM N
RECOMMENDED BUFFER WIDTH ———  PERENNIAL STREAM
I:l 400-FOOT MINIMUM CORE HABITAT ———  PERENNIAL STREAM (ENCLOSED)
WIDTH FOR WILDLIFE PROTECTION
[ ] 1,000-FOOT OPTIMAL CORE HABITAT INTERMITTENT STREAM
WIDTH FOR WILDLIFE PROTECTION —ww—w= INTERMITTENT STREAM (ENCLOSED)
VULNERABLE LANDS (CROSS HATCHED) SURFACE WATER 0 500 1,000 Feet
I —
7 EXISTING OR POTENTIAL RIPARIAN BUFFER LANDS
s WITH NO FORM OF PUBLIC INTEREST OWNERSHIP Source: SEWRPC
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Map R.7
Existing and Potential Riparian Buffer Areas Within the Middle Oak Creek Assessment Area (Inset 1): 2015

Oak Creek Watershed Assessment
Area Location Map
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Map R.8
Existing and Potential Riparian Buffer Areas Within the Middle Oak Creek Assessment Area (Inset 2): 2015
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Oak Creek Watershed Assessment
Area Location Map
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Map R.9
Existing and Potential Riparian Buffer Areas Within the Upper Oak Creek Assessment Area (Inset 1): 2015
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Map R.10
Existing and Potential Riparian Buffer Areas Within the Upper Oak Creek Assessment Area (Inset 2): 2015
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Map R.11
Existing and Potential Riparian Buffer Areas Within the Oak Creek Headwaters Assessment Area: 2015
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Map R.12
Existing and Potential Riparian Buffer Areas Within the
Middle Oak Creek - Drainage Ditches Assessment Area: 2015
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Map R.13
Existing and Potential Riparian Buffer Areas Within the
Lower North Branch Oak Creek Assessment Area (Inset 1): 2015
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Map R.14

Existing and Potential Riparian Buffer Areas Within the
Lower North Branch Oak Creek Assessment Area (Inset 2): 2015
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Map R.15
Existing and Potential Riparian Buffer Areas Within the
Upper North Branch Oak Creek Assessment Area (Inset 1): 2015
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Map R.16
Existing and Potential Riparian Buffer Areas Within the
Upper North Branch Oak Creek Assessment Area (Inset 2): 2015
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Map R.17
Existing and Potential Riparian Buffer Areas Within the Southland Creek Assessment Area: 2015
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Map R.18
Existing and Potential Riparian Buffer Areas Within the Drexel Avenue Tributary Assessment Area: 2015
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Map R.19
Existing and Potential Riparian Buffer Areas Within the Rawson Avenue Tributary Assessment Area: 2015
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Map R.20
Existing and Potential Riparian Buffer Areas Within the College Avenue Tributary Assessment Area: 2015
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Map R.21

Existing and Potential Riparian Buffer Areas Within the
Lower Mitchell Field Drainage Ditch Assessment Area: 2015
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Map R.22

Existing and Potential Riparian Buffer Areas Within the
Mitchell Field Drainage Ditch — Airport Assessment Area: 2015
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