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Executive Summary

The Lake Erie North Shore study area is a unique and diverse watershed. The study
area contains nearly 70 kilometres of Lake Erie shoreline consisting of a series of bays,
sandy beaches and dune complexes. The area is home to 29 federally listed Species at
Risk by the Committee on the Status of Endangered Wildlife in Canada; including the
threatened Fowlers toad in which Lake Erie is its only known habitat in Canada. The
Onondaga Escarpment runs parallel to the shoreline and is the youngest geological
feature in Niagara. The study area is also home to 6 Areas of Natural and Scientific
Interest, 4 old growth forests and numerous wooded areas and wetlands.

The Lake Erie North Shore
watershed falls within the City of
Port Colborne, Township of
Wainfleet and small portions of
the Town of Fort Erie and
Haldimand County. Numerous
subwatersheds form the Lake
Erie North Shore watershed;
these include Bay Beach Area
Drain, Point Abino Drain, Bearss
Drain, Beaver Dam Creek
(P.C.), Oil Mill Creek, Wignell
Drain, Welland Canal South,
Eagle Marsh Drain, Wainfleet
Marsh, Casey Drain, Hoover
Drain, Low Banks Drain, and
Lake Erie 2, 3, 4, 5, 6, 7, and 8. Individual restoration strategies have been prepared for
each of the main subwatersheds to protect the unique characteristics of each system.

Landuse in the Lake Erie North Shore watershed is characterized primarily by agriculture
with a focus on poultry and egg production and grain and oilseed. One major
concentration of urban land uses (residential, commercial, industrial) is within the City of
Port Colborne; smaller concentrations of residential land uses are present in Crystal
Beach of Fort Erie and in strips and nodes along the lakeshore for the extent of the study
area. Numerous recreational opportunities are abound throughout the watershed,
including 5 Conservation Areas, golf courses, hiking and biking trails, and numerous
beach-related activities can be enjoyed such as swimming, fishing and boating.

Upland forest habitat covers 20 percent of the watershed, wetland habitat another 16
percent and approximately 64 percent of the watercourses have some riparian habitat.
Guidelines set by Environment Canada (2004) suggest minimum upland forest cover in
a watershed should be 30 percent, wetlands 10 percent or to historic value, and at least
75 percent of the watercourses in the watershed should have riparian habitat with a 10
meter buffer on both sides being ideal. Therefore, measures to create new upland areas
and establish riparian habitat, as well as protect existing upland and wetland areas are
recommended to ensure adequate upland, wetland and riparian habitat to sustain
minimum viable wildlife populations and maintain ecosystem functions and attributes.



As mentioned, 29 Species at Risk as designated by the Committee on the Status of
Endangered Wildlife in Canada fall within the study area boundaries. Twelve of these
species are endangered, meaning that
they are facing imminent extinction or
extirpation in Canada; 10 of these
species are threatened species, which
means they are at risk of becoming
endangered in Ontario; and 7 of the
species are of special concern which
simply means that they have
characteristics that make them sensitive
to human activities or natural events. In
addition, there are 27 provincially rare
flora and fauna found within the Lake
Erie North Shore study area.

The unique environmental character of the subwatersheds has resulted in an assortment
of issues related to water resources, fish and aquatic habitat, natural heritage resources,
urban development, and communication. The watershed issues, which were derived
from extensive public input and past studies, were used to form a set of watershed
objectives that guided the development of subwatershed restoration strategies and an
implementation plan.

The recommended management actions outlined include riparian, wetland and upland
restoration and creation to enhance water quality, fish habitat, and wildlife habitat
enhancement. The sites were derived from detailed restoration suitability mapping in
conjunction with Regional Niagara’s Core Natural Heritage Mapping and Carolinian
Cores ,Big Picture’ mapping. In addition, project opportunities were identified on private
and public lands, such as erosion control, and shading to reduce water temperatures in
the headwaters through the NPCA Geomorphic Assessment.

The recommended management actions also propose specific policy tools including
municipal and regional official plan amendments; outreach and communication for
various aspects of water resources management; and research and monitoring
programs to obtain additional data from which the Lake Erie North Shore Watershed
study area.

The implementation plan identifies responsible stakeholders for each recommended
management action as well as a detailed breakdown of each watershed plan objective,
recommended action and associated funding (existing and required) and time frame of
implementation (e.g. long term, short term) has also been provided.
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Introduction

The Regional Municipality of Niagara (RMN), Niagara Peninsula Conservation Authority
(NPCA) and the Ministry of the Environment (MOE) formed a partnership to develop the
foundation of a comprehensive water protection strategy for Niagara’s watersheds. The
result of this partnership was the Niagara Water Quality Protection Strategy (RMN
2003), now known as the Niagara Water Strategy (NWS) (2006a). The NWS is a multi-
jurisdictional strategy based on 32 Local Management Areas (LMAs) with the intent of
guiding respective stakeholders on best management and protection strategies for
Niagara’'s water-dependant resources. The strategy has identified the need to manage
Niagara’'s watersheds in such a manner as to “sustain healthy rural and urban
communities in harmony with a natural environment, and rich in species diversity”. In
2005, the Regional Council of Niagara adopted new environmental policies for the
Niagara planning area. These policies call for an integrated ecosystem approach to
planning that includes the involvement of all respective stakeholders. An aspect of the
framework for the environmental planning process under these policies is the
preparation of watershed studies for Niagara’s major watersheds. Likewise, in
Haldimand County’s Strategic Directions (2004) the County recognizes that
“Environmental considerations require strategic input in terms of land use, management
and protection”.

Watershed Planning and the Lake Erie North Shore Watershed

A watershed, also referred to as a catchment basin, is an area of land from which
surface runoff (water, sediments, nutrients and contaminants) drain into a common water
body (e.g., Beaver Dam Creek, Oil Mill Creek and Point Abino Drain). Watersheds
include all water and water-dependent features such as wetlands, forests, urban areas,
and agriculture (Pollution Probe 2004).

A watershed management plan is a proactive document created cooperatively by
government agencies and the community to manage the water, land/water interactions,
aquatic life and aquatic resources within a particular watershed to protect the health of
the ecosystem as land uses change (Ontario Ministry of Environment and Energy and
Ontario Ministry of Natural Resources 1993). The Lake Erie North Shore Watershed
Plan provides a systematic strategy to guide development, identify and recommend
alternative and preferred restoration programs, and strengthen stewardship and
partnerships in the watershed. Completed in 2 phases, the Watershed Plan consists of:

background data collection in the form of a watershed characterization;

a summary of the key issues in the watershed;

completion of any additional studies to fill in data gaps in the study area;
identification and suitability of restoration sites, landowner incentive programs, and
land acquisition based on key issues in the watershed; and

« creation of an implementation plan including a monitoring component.

Completed over a 36 month period, the watershed planning process follows several
steps including numerous opportunities for public involvement through open houses,
workshops, commenting, and an agricultural land use survey (Figure 2). The Phase 1
watershed characterization contains a detailed background report including a description
of the watershed’s physiography, soils, land use, ecological, cultural and natural
heritage, as well as a description of surface and groundwater resources. Phase 2 of the
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watershed planning process provides a set of watershed objectives that are linked to a
comprehensive list of watershed issues derived from the NWS (RMN 2006a), and public
events. Issues specific to agriculture were gathered through the Land Management
Issues and Agricultural Best Management Practices survey (NPCA 2006a) (Appendix A),
which was distributed to Ontario Federation of Agriculture members through a
partnership with the Niagara Peninsula Conservation Authority. Any issues derived from
these documents and public venues form the foundation of the watershed strategy and
subsequent action plan, which are the focus of Phase 2 of the watershed planning
process.

The Lake Erie North Shore study area is a unique and diverse watershed. The study
area contains nearly 70 kilometres of Lake Erie shoreline consisting of a series of bays,
sandy beaches and dune complexes. The area contains 29 federally listed Species at
Risk by the Committee on the Status of Endangered Wildlife in Canada; including the
threatened Fowler’s toad in which Lake Erie is its only known habitat in Canada. The
Onondaga Escarpment runs parallel to the shoreline and is the youngest geological
feature in Niagara. The study area is also home to 5 Areas of Natural and Scientific
Interest, 4 old growth forests and numerous wooded areas and wetlands.

Aside from the industrial area surrounding the Welland Canal, land use in the study area
is primarily agriculture focusing on poultry grain and oilseed production. Numerous
recreational opportunities are abound throughout the watershed, including 5
Conservation Areas, golf courses, hiking and biking trails, and numerous beach-related
activities can be enjoyed such as swimming, fishing and boating.

A watershed management plan for the Lake Erie North Shore watershed will aid in
protecting and enhancing these distinctive resources in the watershed.
Lake Erie North Shore Watershed

Figure 1: Geographic Location
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Figure 2: Watershed Planning Framework

Watershed Vision

Under the Conservation Authorities Act (R.S.O. 1990, c¢.C27), the mandate of the
Niagara Peninsula Conservation Authority is to establish and undertake programs
designed to further the conservation, restoration, development and management of
natural resources. In keeping with the mandate of the NPCA, NWS (RMN 2006a), and
the watershed challenges and issues, residents of the Lake Erie North Shore watershed
envision the following:

The Lake Erie North Shore watershed will support a balanced ecosystem with healthy
watercourses, beaches, agricultural lands and natural areas while sustaining the needs
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of the community and providing habitat for a diversity of flora and fauna. The Lake Erie
North Shore watershed will also support a quality of life and economic vitality that are
fostered by a balance of sustainability and compatibility of surrounding land uses and the
natural environment.

Watershed Objectives

Each watershed in the Niagara Peninsula Conservation Authority’s jurisdiction is unique,
having its own set of watershed planning objectives. The watershed objectives for the
Lake Erie North Shore watershed have been categorized based on the watershed'’s
resource components, including the social and built environment. In accordance with the
Provincial Policy Statement [Ontario Ministry of Municipal Affairs (MMAH) 2005], Growth
Plan for the Greater Golden Horseshoe [Ontario Ministry of Public Infrastructure
Renewal (MPIR) 2006], Regional Policy Plan (RMN 2007a), Haldimand County Strategic
Directions (2004) and public input, natural resources will be managed on a watershed
scale in the Lake Erie North Shore watershed to:

Water Resources

= improve, enhance, maintain or protect water quality and/or natural stream
processes to support human uses and ecological functions in accordance with
Provincial Water Quality Objectives;

« find an ecologically compatible balance between drain maintenance and function;

#* ensure storm water management practices minimize storm water volumes and
contaminant loads;

= recognize the role of natural features
and pervious features in minimizing
the impacts of flooding ;

+ support healthy beaches for passive
recreation;

* manage and mitigate flooding risks to
human life and property within
acceptable limits; and

= minimize erosion caused by human
activity through the establishment
and implementation of a
comprehensive, priority based
erosion control program

Fish and Aquatic Habitat
# protect, enhance and restore populations of native species and their habitats;
+« Research and recommend management plans for invasive species (flora and
fauna); and
* incorporate management plans for Species at Risk into restoration

Natural Heritage and Resources

« protect, enhance and restore the health, diversity and integrity of the natural
heritage systems in the watershed,;

# create, maintain, protect and enhance corridors and linkages to natural heritage
systems in adjoining watersheds;



« maintain, restore and improve the linkages among surface water features,
groundwater features, hydrologic functions, natural heritage features and areas,
and their ecological functions;

« recognize the role of natural features in minimizing the impacts of flooding; and

* include management plans for Species at Risk into restoration

Communication, Education and Recreation

#« enhance and develop partnerships between and amongst agencies, interest
groups and landowners;

= promote the wise use of groundwater and surface water resources in terms of
human, agricultural and ecological needs; and

« foster educational programs and awareness pertaining to urban and rural best
management practices (e.g. water conservation practices, alternate farming
practices,septic maintenance,buffers) Development

# incorporate natural heritage |nto land use and zoning decisions;

# promote environmentally-
sound land use decisions
for current and future urban
development and
rural/agricultural land use;

# encourage stormwater
management within
municipalities to address
future growth capacity
projections; and

# encourage intensification of
urban areas

Watershed

Characterization
Location and General Description of the Lake Erie North Shore Watershed

The Lake Erie North Shore study area encompasses approximately 120 square
kilometres of land and includes nearly 70 kilometres of shoreline and 100 kilometres of
watercourse of which over 60 percent has been classified as municipal drains. The study
area includes Local Management Areas 3.1, 3.2 ,3.3 and a small portion of 2.9 as
identified in the NWS (RMN 2006a), which falls within the City of Port Colborne,
Township of Wainfleet and small portions of the Town of Fort Erie and Haldimand
County (Figure 3). Numerous subwatersheds form the Lake Erie North Shore watershed;
these include Bay Beach Area Drain, Point Abino Drain, Bearss Drain, Beaver Dam
Creek (P.C.), Oil Mill Creek, Wignell Drain, Welland Canal South, Eagle Marsh Drain,
Wainfleet Marsh, Casey Drain, Hoover Drain, Low Banks Drain, and Lake Erie 2, 3, 4, 5,
6, 7, and 8 (Figure 1). One major concentration of urban land uses (residential,
commercial, industrial) is within the City of Port Colborne; smaller concentrations of
residential land uses are present in Crystal Beach of Fort Erie and in strips and nodes
along the lakeshore of Lake Erie for the extent of the study area.



LAKE ERIE NORTH SHORE WATERSHED PLAN

Local Management Area 3.1

Local Management Area 3.1 extends along the shoreline from Low Banks in Haldimand
County to Rock Island Point in Wainfleet and includes the subwatersheds Low Banks
Drain, Hoover Drain and Lake
Erie 8 (Figure 3). The
watercourses in this portion of the
study area have not been
evaluated in terms of importance
for fish habitat. Apart from a
couple small tributaries of Hoover
Drain all watercourses in this
portion of the study area are
designated municipal drains.

The topography is very flat behind
the bedrock outcrop that marks
Mohawk Point on the western
edge of the Lake Erie North
Shore watershed. The land use in
this area is comprised
predominantly of agriculture and rural residential with some strip and small node
dwellings of seasonal and permanent residences along the shoreline. Natural heritage
features include numerous wetlands and woodlots including Moulton West provincially
significant wetland and Bunz Bush, a remnant natural area.

Local Management Area 2.9

The small portion of Local Management Area 2.9 that is included in the Lake Erie North
Shore study area is nestled between LMA 3.1 and LMA 3.2 (Figure 3). It extends along
the shoreline from Rock Island to Grabell Point in Wainfleet and includes Lake Erie 6
and Lake Erie 7 subwatersheds. The watercourses in this portion of the study area have
not been evaluated in terms of importance for fish habitat.

Aside from the subtle rock headland that marks Grabell Point, the topography is
relatively flat in this portion of the study area. Land use is primarily residential along the
shoreline made up of seasonal and permanent dwellings, and agriculture northward from
Lake Erie. Natural heritage features in this portion of the study area include numerous
wetlands and woodlots including Harold Mitchell Nature Reserve, Emerson Road
Woodlot and Long Beach Conservation Area.

Local Management Area 3.2

Local Management Area 3.2 extends from Grabell Point in Wainfleet, eastward to the
eastern side of the Welland Canal at Nickel Beach in Port Colborne (Figure 3).
Subwatersheds included in this portion of the study area are Casey Drain, Wainfleet
Marsh, Eagle Marsh Drain, Welland Canal South and Lake Erie 2, 3, 4, and 5. Casey
Drain, Eagle Marsh Drain, Lake Erie 3 and a portion of the Welland Canal (old route)
have all been identified as important fish habitat. A portion of Eagle Marsh Drain has
been designated as critical fish habitat and the Welland Canal has been designated as
marginal fish habitat; the remaining watercourses in this area have not been evaluated in
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terms of importance for fish habitat. Municipal drains in this area include Casey Drain,
Eagle Marsh Drain, Bessey Branch Drain which is a tributary of Eagle Marsh Drain, and
Central Park Drain.

The Onondaga Escarpment and the Welland Canal are the most prominent features in
the study area. The Onondaga Escarpment, while being partially buried, makes a few
appearances throughout the Lake Erie North Shore watershed. Behind the escarpment
the landscape is very flat and poorly drained. The Welland Canal stretches across the
Niagara Peninsula from Lake Ontario at Port Weller to Lake Erie at Port Colborne;
essentially bisecting the peninsula. Land use in this portion of the study area is
comprised of industrial and urban development in Port Colborne around the Welland
Canal, and agriculture and rural residential outside of the Port Colborne built-up area.

This portion of the study area includes several quarries; active and abandoned. Two
large active quarries include Law Quarry that straddles the border of LMA 3.2 and 2.7
(outside of the study area), and Port Colborne Quarries Ltd which straddles the border of
LMA 3.2 and 3.3. Abandoned quarries include Cement Plant Road Quarry and Wainfleet
Wetlands Conservation Area. In addition, a proposal for a new quarry has been
approved by the Ontario Municipal Board for the undeveloped land between Wainfleet
Wetlands and Law Quarry.

Natural heritage features include provincially significant Life Science Area of Natural and
Scientific Interest (ANSI) Port Colborne Quarry and candidate ANSI Onondaga
Formation, old growth forests Sugar Loaf Hill and Morgan’s Point, and provincially
significant wetlands Cement Plant Road Quarry, Wainfleet Wetlands, Nickel Beach
Marsh and Woodlot, and Burnaby Wainfleet Airport Wetland. In addition, numerous
wooded areas are scattered throughout the study area.

Local Management Area 3.3

Local Management Area 3.3 extends from the eastern side of the Welland Canal at
Nickel Beach in Port Colborne to the eastern side of Crystal Beach in Fort Erie; the
eastern extent of the Lake Erie North Shore watershed study area (Figure 3).
Subwatersheds in this portion of the study area include Wignell Drain, Beaver Dam
Creek P.C., Oil Mill Creek, Bearss Drain, Point Abino Drain and Bay Beach Area Drain.
Wignell Drain and most of Bearss Drain and Point Abino Drain have been identified as
important fish habitat. In addition, a portion of Point Abino Drain and the shoreline area
at Nickel Beach, Shisler Point and Crystal Beach have been designated as critical fish
spawning habitat; the remaining watercourses in this area have not been evaluated in
terms of importance for fish habitat. Aside from a couple of small tributaries, all of the
watercourses in this portion of the study area are designated municipal drains.

Apart from the Onondaga Escarpment which hugs the northern boundary of the study
area, the topography is relatively flat. Bedrock juts out along the shoreline marking
headlands for the bays that are nestled in between the points. The land use in this area
is comprised of a small urban area in Crystal Beach and a mix of agriculture and rural
residential with some strip and small node dwellings of seasonal and permanent
residences along the shoreline. This portion of the study area also includes active and
abandoned quarries. The remaining portion of Port Colborne Quarries Ltd, which
straddles the border of LMA 3.2 and 3.3, is located in this area as well as Eberly
Trucking Ltd; a sand pit located on the western side of Point Abino. In addition,
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LAKE ERIE NORTH SHORE WATERSHED PLAN

Sherkston Shores Resort, a closed quarry that has been converted to a recreational
swimming area, is located in this area.

Natural heritage features include 3 provincially significant Life Science ANSIs:
Humberstone Muck Basin Swamp Forest, Empire Beach Backshore Forest Basin and
Point Abino Peninsula Sandland Forest; old growth forests Philips Sugar Bush Grove
and Marcy’s Woods; and provincially significant wetlands Humberstone Marsh and Point
Abino Wetland Complex. In addition, numerous wooded areas are scattered throughout
the study area.

Lake Erie

Approximately 70 kilometres of Lake Erie shoreline extends through the Lake Erie North
Shore watershed study area; stretching from Low Banks in Haldimand County to Crystal
Beach in Fort Erie.

Lake Erie is the shallowest and smallest in volume and has the shortest retention time of
all the Great Lakes. It warms quickly during the warmer summer months and typically
freezes over during the winter months. The shallowness of the basin and the warmer
temperatures make it the most biologically productive of the Great Lakes. Eighty percent
of Lake Erie’s total inflow of water comes through the Detroit River. Eleven percent is
from precipitation (rain and snow) and the remaining nine percent comes from the other
tributaries. Lake Erie provides drinking water for approximately 11 million of the
approximate 11.6 million people that live in its watershed (Lake Erie LaMP 1999).

According to Dolan (1993), Lake Erie is exposed to greater stress due to urbanization
and agricultural practices than any of the other Great Lakes. The lake receives
chemically enriched runoff and sediment from agricultural lands within the basin. As well,
it surpasses all other Great Lakes in the amount of effluent (discharged waste water) it
receives from sewage plants. Therefore proper management of on land activities are
important to the health and vitality of Lake Erie.

During the 1960s and 70s water quality conditions in Lake Erie were a major public
concern and in response the governments of Canada and the United States (US) signed
the Great Lakes Water Quality Agreement in 1972. This led to remedial actions on both
sides of the border and eventually the situation improved. In the late 1990s Canada and
the US joined forces to create a binational working group and produced the Lake Erie
Lakewide Management Plan (LaMP) in 2000. This plan is updated on a regular basis.

Unfortunately Lake Erie water quality
has taken a turn for the worse. Despite
billions of dollars of public expenditure
to reduce phosphorus loadings to the
Lake, evidence of nutrient-driven
eutrophication is again before us. Algal
blooms which threatened the Lake Erie
ecosystem in the 1960s and 1970s
have returned and the
extent and duration of depleted oxygen
(hypoxia) in the bottom waters
(hypolimnion) of the central basin
continues to increase. Cladophora Photo Credit: Lake Erie LaMP
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(algae) growth has once again become a problem in shoreline areas with hard bottom
substrate; botulism outbreaks are believed to be linked to a combination of
interrelationships between Cladophora, dreissenids and round gobies; and old models
developed to predict the lake response to various inputs are no longer accurate.

In 2008 federal, provincial and state agencies in the Lake Erie Basin agreed to renew
efforts to address nutrient problems in the Lake through the Binational Lake Erie Nutrient
Strategy. The Lake Erie Binational Nutrient Management Strategy is a coordinated and
strategic response from Canada and the United States that outlines nutrient
management actions to reduce eutrophication of Lake Erie. The strategy provides
quantitative targets and identifies nutrient management, restoration, research and
monitoring priorities and actions that need to be considered and adopted by everyone
(government agencies, non-government organizations and residents) in the watershed
(Lake Erie LaMP Nutrient Management Task Group 2009).

The relationship between the lake and its tributaries is a key component of the strategy.
Studies are showing that some of the problems along the shoreline may be related to
conditions in nearby minor tributaries. As a result Lake Erie managers are looking to
watershed partners to assist in addressing conditions in the lake. Healthy watersheds
are essential to a healthy Lake Erie.

Topography

The relatively flat topography of the Lake Erie North Shore was shaped largely by glacial
activity. Approximately 25,000 to 13,000 years ago continental ice sheet Wisconsin re-
advanced over Niagara Peninsula bulldozing any pre-existing surficial deposits resulting
in the bedrock being ground and polished by the mass sheet of ice. The tremendous
weight of the 4 kilometer thick glacier resulted in the land beneath it to subside (Lewis
1991). As the Wisconsin ice sheet retreated approximately 13,000 years ago, a vast
quantity of melt water from the retreating glacier was discharged into the Great Lakes
resulting in a rise of Lake Erie water level. As the mass weight from the glacier was
released from the landmass, the land rebounded upward and lakes and wetlands in the
area expanded and contracted (Lewis 1991).

The low-lying, north-facing Onondaga Escarpment, which rarely reaches heights of more
than a few meters, is the most prominent feature in the Lake Erie North Shore
watershed. Aside from a few openings, the ridge of the Onondaga prevents drainage
south towards Lake Erie, resulting in a wet and swampy landscape north of the
Onondaga Escarpment. The shoreline of Lake Erie consists of a series of rocky
headlands combined with bayhead beaches that exhibit broad sandy bays or rocky
interfaces. The sandy bays and beaches are consistently found west of the headlands,
while the rocky, more rugged coastal features are found at the tip or to the east of the
headlands (Jackson 1967). The topography of the Lake Erie North Shore watershed is
illustrated on Figures 4a and 4b.
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Geology

The Lake Erie North Shore watershed study area is predominately overlain with bedrock from
the Devonian period of roughly 350 million years ago; Onondaga Formation and Bois Blanc
Formation. Although a small portion is overlain with bedrock from the end of the Silurian period
roughly 410 million years ago; the Bertie Formation from which formed “the main face of the
Lerroneously named’, Onondaga Escarpoment’ (Armstrong 2007). The dolostones and shales of
the Bertie Formation were deposited in very shallow water as the sea gradually withdrew from
the Niagara Peninsula.

When the seas transgressed during the Devonian period due to upwarping of the earth’s crust,
the limestones of the Bois Blanc Formation were deposited. Deposition continued further into
the Devonian period as the Onondaga Formation was deposited. The cherty, fossiliferous
limestone and shale of the Onondaga Formation is the youngest formation in the Niagara
Region. The bedrock geology of the Lake Erie North Shore watershed is illustrated on Figures
5a and 5b.
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Physiography

The physiographic region of the Lake Erie North Shore watershed is the Haldimand Clay
Plain which extends from the Niagara Escarpment to Lake Erie. The Haldimand Clay
Plain was submerged by post-glacial Lake Warren and much of it is covered by
lacustrine clay deposits; although not all till was covered such as the till moraine in
Lowbanks.

Underlying rocks consist of a succession of Palaeozoic beds dipping slightly southward
under Lake Erie (Chapman & Putnam 1984). Soft shales have been worn down in front
of the hard limestone Onondaga Escarpment, forming a large depression. The
overburden of soil materials increases southward from the Niagara Escarpment to a
thickness depth nearing 45 meters over the wide buried bedrock valley called the Erigan
Valley north of the Onondaga Escarpment. The Erigan Valley extends in a
southwestwardly orientation from Fonthill towards Lake Erie cutting through the
Onondaga Escarpment in the Moulton Bay area (Armstrong 2007). Southward of the
Onondaga Escarpment, overburden remains relatively thin, ranging in thickness from 3
meters up to 15 meters near the shoreline.

North of the shoreline, just west of Shisler Point and extending east to Crystal Beach, a
long lacustrine beach of Lake Warren in the form of a gravel elongated mound is visible.
Several other smaller remnants have been identified throughout Welland and Wainfleet.
According to Chapman and Putnam (1984), these gravel bars are seldom over six or
eight feet deep.

The physiography of the Lake Erie North Shore is illustrated on Figures 6a and 6b.

Onondaga Escarpment

The partially-buried Onondaga Escarpment runs in an east-west orientation along the
southern edge of the Niagara Peninsula. In Ontario, the Onondaga Escarpment extends
from Hagersville to Fort Erie, and then continues into New York. The relatively low
feature is capped by the Bois Blanc formation of the Devonian System, a very hard
fossiliferous limestone. There are small outcrops of bedrock along the crest of the
Onondaga Escarpment (Brady 1980). As previously mentioned, except for a few small
watercourses, this ridge prevents drainage south to Lake Erie; north of the Onondaga
Escarpment water is forced to drain north and east with the low lying areas remaining
flooded. South of the Onondaga Escarpment, water drains directly to Lake Erie.

Lake Erie Shoreline

The Lake Erie Shoreline Management Plan (Philpott Assoc.1992) reports that the entire
Lake Erie shoreline from Port Ryerse, just west of Port Dover, to the Niagara River lies
within one littoral cell with a net direction of littoral drift from west to east under prevailed
westerlies. Possible sources of littoral material include bluff erosion, stream discharge,
and nearshore lake bottom erosion. The western portion of the shoreline can be
characterized by high glacial till bluffs while east of Moulton Bay and the remainder of
the shoreline consists of low glacial till bluffs with bedrock outcrops anchoring pockets of
sand and shingle beaches. The backshore consists of either a low drift or a dune
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LAKE ERIE NORTH SHORE WATERSHED PLAN

formation. The Lake Erie North Shore study area can be subdivided into 7 sub-cells
within this one littoral cell.

The following descriptions of the shoreline and sub-cells have primarily been derived
from the Lake Erie Shoreline Management Plan (Philpott Assoc. 1992). A reference map
follows entitled Points and Bays (Figure 7).

The most western sub-cell (No.2; No.1 does not fall within NPCA jurisdiction) in the
study area includes the east side of Mohawk Point and Moulton Bay. The east side of
Mohawk Point includes bedrock and low
glacial drift shorelines, and the remaining
of the sub-cell is comprised of two beach
dune complexes and a bedrock outcrop
at Rock Island where Long Beach
Conservation Area is located. Sand
dunes in the backshore rise to elevations
of 180m. Shore protection along this
stretch protects cottages and Lakeshore
Road along the lakefront.

Littoral sub-cell No. 3 extends from Rock
Island to Grabell Point. The bay consists
of a beach dune complex in the west that
extends 3 kilometres and a short bedrock
outcrop that marks the end of this bay at Grabell Point. The shoreline has been fully
developed with cottages located on the dune formation, and a variety of shoreline
structures protect the cottages along this stretch; however, a few do rely on natural
beach protection.

Littoral sub-cell No. 4 is formed by two bedrock outcrops; Grabell Point and Morgan’s
Point. A beach is nestled between the two headlands with a texture that varies from
sand in some areas and pebbles and cobbles in other areas. No dune development has
- occurred in this sub-cell. Development
covers a majority of the shoreline and
an armourstone revetment protects a
portion of this shoreline stretch.

Littoral sub-cell No. 5 is one of the
largest littoral cells in the study area. It
extends eastward from Morgan’'s
Point to the Welland Canal. Three
small headlands interspersed with
intermediate bays characterize this
stretch of shoreline. The first
intermediate bay (Sunset Bay)
consists of sand and gravel and is
positioned between the gentle
bedrock outcrop that marks the base of Morgan’s Point and Rathfon Point to the east. A
variety of shoreline protection structures protect this highly developed stretch of
shoreline; at times residences are 3 rows deep from the lakefront.
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Reeb’s Bay is east from Rathfon Point to the next rock outcrop is (unnamed). The beach
widens and consistency is mainly sand with some gravel. Aside from a small portion, the
entire shoreline is protected by a number of structures; primarily a seawall. A major dune
system occupies the backshore area in this reach. The dune system is lower at the west
end, rising to elevations about 180m and to 190m at the east end. The dunes in this area
are generally vegetated. Beach access can be obtained by steps that run down the face
of the dune.

East into the next small bay, the dune system reaches an elevation of approximately 215
metres above sea level (masl), and then drops quickly before reaching the headland of
Gravelly Bay. East of the headland, dunes continue to reach significant heights in the
western portion of Gravelly Bay, with an elevation of approximately 185 masl. Bedrock is
visible along the shore throughout most of the bay. Gravelly Bay marks the western
edge of Port Colborne’s built-up area. Land use in this area consists primarily of
residential, commercial and industrial. Due to the presence of the Welland Canal on the
eastern end of the bay, this portion of the shoreline is entirely man-made and natural
coastal processes have been altered. Numerous shore protection structures are in place
to protect the shoreline.

Littoral sub-cell 6 is formed by a single bay
bordered by the Welland Canal to the west and
Cassaday Point to the east; nestled between is
Nickel Beach, a well used public beach with
widths of over 40m backed by a sandy dune. The
wide sandy beach holds dunes reaching
elevations of 189 masl. Further east, permanent
residences have established on the dunes. Dune
formation continues east to the bedrock outcrop
known as Cassady Point but drops off rapidly
towards the east side of the point. Cassady Point
supports the provincially significant wetland and
woodlot Nickel Beach Marsh and Woodlot.

Extending from Cassaday Point to Point Abino is littoral sub-cell 7. The most western
bay in this sub-cell is Lorraine Bay, a gently curved beach bay anchored by Cassaday
Point on the west and Pine Crest Point on the
east. Widths of this sand and gravel beach vary
from 20 to 40 meters and dune heights reach
almost 190 masl. The entire shoreline has been
developed with residential and seasonal dwellings
and protection structures are in place at the top of
the beach and the base of the dune.

East of Pine Crest Point, a small bedrock outcrop
separates the shoreline into 2 small bays; Cedar
Bay and Silver Bay. The sandy beaches are
separated from the sand dunes that back the
beach by a protection structure. Development along the bays is continuous with most of
it occurring on top of the dunes.

The next eastern stretch of shoreline contains dunes with elevations up to 186 masl.
Further towards Shisler Point is one of the few undeveloped extents of shoreline along
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the Lake Erie North Shore Study area. The backshore area of this reach supports
Empire Beach Backshore Forest Basin Life Science ANSI and provincially significant
coastal wetland.

The western edge of Point Abino peninsula forms the down drift headland of this sub-cell
and is comprised of sand beaches, a beach resort with seasonal campers and Pleasant
Beach settlement area. A sand dune reaching an elevation of up to 200 masl rises
above the beach. Not all the sand dunes and sand hills in this area are oriented parallel
to the shoreline; therefore they may not be a part of the coastal dune system. This area
also supports Point Abino Peninsula Sandland Forest ANSI. Developed areas are
protected with a revetment structure; however where there is no development, no
protection structure has been put in place.

The stretch from Point Abino eastward to Crystal Beach marks littoral sub-cell No. 8. The
dunes of this popular sandy beach rise to approximately 180 masl and are generally
protected by a beach wall or revetment. In addition, a pier and a seawall that once
protected an amusement park in the area are situated in the eastern part of the bay.

The Lake Erie North Shore watershed contains approximately 68 kilometres of Lake Erie

shoreline. Strips of residential homes and seasonal cottages hug the shoreline and
numerous beaches offering public access dot the lakefront.
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LAKE ERIE NORTH SHORE WATERSHED PLAN

Sand Dunes

The coastal sand dunes that line the shoreline of Lake Erie are significant natural
features that not only provide shore protection, but play an important ecological role in
providing shelter and habitat for wildlife and rare and endangered species. The dunes
previously described do not represent a typical shoreline feature that has formed through
the actions of varying lake levels, storm activities and wind action of recent times, but
these dunes are old dunes deposited before the current lake level cycle (Philpott Assoc.
1992). The dunes and their associated habitats are vulnerable to activities such as
destruction through development, All Terrain Vehicles (ATV), invasive species, shoreline
protection structures and extraction. Measures to protect the dune systems and natural
dune processes should be implemented; including for example, phasing out any
extraction activities, restricting ATV use on the beach, strict development guidelines as
well as designing and constructing shoreline protection structures as to minimize effects
on dunes and dune processes.
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Soils

The soils in the Niagara Region were resurveyed and documented in a report entitled
The Soils of Regional Niagara (Kingston and Present 1989) by the Ontario Ministry of
Agriculture and Food and Agriculture Canada. This study included geological and
physiological features; soil groups and types; soil moisture characteristics; drainage and
variability; common properties of soil groups; as well as information related to
agricultural soil use and classification. The following soil descriptions and associated
chart and maps (Figures 8a and 8b) are derived primarily from this document.

Numerous soil groups characterize the Lake Erie North Shore watershed; however, it is
generally dominated by the poorly drained Welland and Brooke soil groups. Both soil
groups have a high capacity to hold water and a slow to moderate rate of permeability,
however, surface cracking increases the permeability of Welland soils during the
summer months. Except for the drier period during the summer months, the groundwater
level remains close to the surface in Welland soils, and although they have a high
capacity to hold water, moisture availability for plants is limited at this time due to the
soils high clay content. The combined problems associated with high clay contents and
high water tables limit the use of this soil group for most agricultural crops. Welland soils
are typically associated with Malton soils and Lincoln soils which like Welland soils, both
groups have a high clayey texture, high water-holding capability and a perched water
table. These soil groups are also generally limited to field crops if tile drained.

Brooke soils are shallow with clayey textures and a thickness typically reaching only one
meter over dolostone bedrock, with surface soils having a high organic content. Due to
groundwater ponding on the relatively impermeable bedrock, the shallow Brooke soils
with their high water-holding capacity tend to stay saturated for long periods each year.
Due to the poor drainage and the shallowness to bedrock, Brooke soils are not suitable
for agriculture. They are typically limited to pasture use or growing scrub.

South of the Onondaga Escarpment on the eastern side of the Welland Canal,
Chinguacousy soils, Jeddo soils and Farmington soils dominate. Chinguacousy and
Jeddo soils are mainly clay loam till. Chinguacousy are imperfectly drained with a
moderate to slow permeability and a relatively high capacity for holding water. Regional
groundwater fluctuates in the lower horizons with temporary occupancy in the surface
horizons for time periods each year. Chinguacousy soils have a moderate to rapid
surface runoff and are also quite erodible; therefore as slope increases erosion control
measures should be considered. These soils are used for growing common field crops,
however tile drainage is necessary.

Jeddo soils are poorly drained, slowly permeable with a moderate to rapid rate of
surface runoff, depending on the slope. These soils are saturated by groundwater most
of the year and are susceptible to a high degree of compaction. Chinguacousy soils are
the most common soils found as soil inclusions with Jeddo soils. Jeddo soils are used to
grow a wide range of field crops; however, these soils require tile drainage and
continued maintenance, in part, due to high degrees of compaction.

Farmington soils on the other hand, are well drained and typically have good
permeability but its water holding capacity varies with texture. Textures vary from sandy
loam to silty clay, although loamy textures are most common. Like Brooke soils,
Farmington soils are also very shallow with depths reaching only 20 centimetres over the



dolostone and limestone bedrock, making these soils problematic during summer
droughts and having little agricultural value.

The rapidly drained Plainfield soils can be found along Point Abino westward to Silver
Bay. Plainfield soils are mainly aeolian sands with a very rapid permeability and low
capacity to hold water. The Plainfield Soils in this extent are associated with the dune
system that lines the shoreline of Lake Erie.

Organic soils groups such as Quarry soils, Lorraine soils, Holly soils, Sherkston soils
and Portsmouth soils can also be found throughout the Lake Erie North Shore
watershed. These organic soils are very poorly drained. They are rapidly permeable, but
are usually saturated with groundwater. They also have a high capacity to hold water
and a very slow surface runoff. Typically, before these organic soils can be used for
agriculture, extensive clearing and drainage is necessary as well as continued
maintenance to control the subsurface water level and prevent the loss of the organic
surface horizon through wind erosion. When drained these soils are suitable for common
field crops and vegetable crops such as broccoli, potatoes, celery and onions.

The nature of the organic material in Quarry soils is dominantly woody forest peat with
occasional sedge fen peat layers and a texture variation from silty clay loam to silty clay.
These soils are associated with swamps and forested wetlands and have been mapped
east of Port Colborne along Lake Erie.

In Lorraine soils, the nature of the organic materials range from woody fen peat to sedge
fen peat. The textures vary from silty clay loam, to silty clay and clay. These soils are
associated with fens and forested wetlands and can be found in association with
Portsmouth organic soils.

The nature of the organic material in Portsmouth soils range from woody forest peat to
woody sedge fen peat with occasional sedge fen peat horizons. These soils are typically
associated with forested wetlands and swamps and a texture varying from silty clay and
clay to heavy clay.

Sedge fen peat is primarily the nature of the organic material in Sherkston soils. The
texture of this soil group is usually silty clay and is typically associated with wetlands and
fens. The extent of this soil group in the Lake Erie North Shore watershed is limited to
the area between Port Colborne and Fort Erie near Lake Erie.

In Holly soils, the nature of the organic materials range from woody forest peat to sedge
fen peat, and a texture that typically varies from silt loam to silt clay loam. These soils
are generally associated with forested wetlands. In the Lake Erie North Shore watershed
the extent of Holly soils is limited to south of the Onondaga Escarpment.



Table 1: Soils of the Lake Erie North Shore Watershed Plan Study Area

Soil Geologic Natural Water Permeability Surface | Class Land use
Series Deposits Drainage | Holding Runoff Comments
Capacity
Mineral Soils
Welland Mainly reddish- Poor Relatively | Slow Slow to 3WD, Range from unsuitable
Soils hued deep water High Moderate | 4W, 5W | to poorly suitable for
(WLL) lacustrine heavy most fruit & vegetable
clay crops
Malton 40-100cm clayey | Poor Relatively | Slow Slow 3w Limited use for
Soils sediments over High agriculture; artificial
(MAT) clay loam till drainage recommended
Lincoln Deep water Poor High Slow Slow to 3WD Unsuitable for most
Soils (LIC) | lacustrine heavy Rapid horticultural crops
clay
Brooke Variable Poor Fairly High | Moderate to Moderate | 4W, 5W | Not suited for most
Soils sediments 10- Slow agricultural uses due to
(BOK) 100cm over shallowness to bedrock
mainly limestone & poor drainage
& dolostone
bedrock
Chinguaco | Clay loam till Imperfect Relatively | Moderate to Moderate | 2D Widely used for growing
usy Soils High Slow to Rapid common field crops
(CGU)
Jeddo Clay loam till Poor Relatively | Slow Moderate | 3W Over compaction is a
Soils High to Rapid serious management
(JDD) concern
Farmingto | Variable Well Variable Good Variable 3R, 4R Little agricultural value
n Soils sediments 10- due to shallow bedrock
(FRM) 100cm over & droughtiness
mainly limestone conditions
& dolostone
bedrock
Plainfield Eolian dunes, Rapid Low Rapid Slow 3F Limitations due to
Soils sand dunes seasonal droughtiness,
(PFD) low fertility & pH
problems
Organic Soils
Quarry Organic swamp Very Poor | High Rapid Very 2HL-3H | Extensive clearing &
Soils sediments 40- Slow drainage necessary
(QRY) 160cm over before suitable for
loamy sediments agriculture
Lorraine Organic fen Very Poor | High Rapid Very 2FHL- Extensive clearing &
Soils sediments 40- Slow 3FH drainage necessary
(LRR) 160cm over before suitable for
clayey sediments agriculture
Portsmout | Organic swamp Very Poor | High Rapid Very 2FL-3F | Extensive clearing &
h Soils sediments Slow drainage necessary
(PUH) >160cm before suitable for
agriculture
Sherkston | Organic fen Very Poor | High Rapid Very 4K Extensive clearing &
Soils sediments Slow drainage necessary
(SRK) >160cm before suitable for
agriculture
Holly Soils | Organic swamp Very Poor | High Rapid Very 3H-4H Extensive clearing &
(HOY) sediments 40- Slow drainage necessary

160cm over
loamy sediments

before suitable for
agriculture
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LAKE ERIE NORTH SHORE WATERSHED PLAN

Land Use

Current Land Use

The Lake Erie North Shore watershed study area spans the Town of Fort Erie (10%),
City of Port Colborne (51%), Township of Wainfleet (24%), and Haldimand County
(15%). Land use in the study area is characterized mainly by agriculture, recreation, and
natural areas interspersed with strips and nodes of residential areas with one small
concentration of urban land uses in Crystal Beach and one major concentration of urban
land uses (residential, commercial, industrial) in the City of Port Colborne (Figures 9a
and 9b). Numerous active and abandoned quarries are within the Lake Erie North Shore
study area. In addition, closed quarries that have been converted to recreational
activities are also present in the watershed such as Sherkston Shores Resort and
Wainfleet Wetlands Conservation Area.

Agriculture

The location of the Niagara Peninsula between the moderating influences of the Great
Lakes and the Niagara Escarpment creates a unique microclimate that supports a viable
agricultural community. In fact, the combination of geography and climate make parts of
Niagara a thriving tender fruit district (Planscape 2003). In 2001, the Region of Niagara
commissioned a study to assess the nature of agriculture in Niagara; Regional
Agricultural Economic Impact Study 2003. The study confirmed that “agriculture is of
tremendous importance to the Niagara economy both directly and indirectly” (Planscape
2003). According to the study, in 2001 the agricultural industry generated over $511
million in gross farm receipts in Niagara.

Agriculture is the most predominant land use in the Lake Erie North Shore study area
and although the study area does not fall within prime agricultural lands, the Good
General agricultural lands in this area support numerous prosperous commodity sectors.
As described earlier, the mineral soils in the area are rated as Class 3 and Class 4
according to the Canada Land [~ A 3

Inventory (CLI) Classification | . .

System for Agricultural. These
soil classes have moderately
severe to severe limitations
that restrict the range of crops
and/ or require special
conservation practices. The
limitations affect one or more
of the following practices:
timing and ease of tillage;
planting and harvesting;
choice of crops; and methods
of conservation (Kingston and
Presant 1989). The organic - ——
soils in the study area range from Class 2 to Class 4. According to the CLI Capability
Classification for Organic Soils Class 2 soils have one minor limitation; this limitation
may be woodiness, reaction, flooding, topography, depth or climate. Class 3 and Class 4
soils have moderately severe to severe limitations that restrict the range of crops and/or
require special management practices (Kingston and Presant 1989).
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According to Statistics Canada 2006 Agricultural Profile, the main agricultural commodity
groups based on the North American Industry Classification System farm-typing
categories for each district in the Lake Erie North Shore watershed are:

« Town of Fort Erie: animal production, other crop farming, and grain and oilseed;

« City of Port Colborne: grain and oilseed, animal production, miscellaneous
speciality;

« Township of Wainfleet: grain and oilseed, animal production, miscellaneous
speciality; and

+« Haldimand County: grain and oilseed, cattle ranching and farming, and other
crop farming

Recreation

The Lake Erie North Shore offers numerous recreational opportunities throughout the
watershed. Beaches all along the shoreline provide ample opportunity for swimming,
fishing and relaxing, in addition to numerous other beach related activities. Hiking and
biking trails can be enjoyed throughout the area, including a portion of the Welland
Canal Trail, Gord Harry Conservation Trail, Regional Bicycle Network, Scenic Bike
Loops, Greater Niagara Circle Route and the Waterfront Trail along portions of Lake
Erie. There are four golf courses in the watershed: Long Beach Country Club and Port
Colborne Country Club in Wainfleet, and Coyote Golf Club and Whiskey Run Golf
Course are located in Port Colborne. Camping is available at Highland Trailer Park and
RV Resort and Pinegrove Park in Lowbanks in Haldimand County, Pleasant Beach Tent
and Trailer Park and Sherkston Shores Resort in Port Colborne as well as at Long
Beach Conservation Area in Wainfleet. Additional conservation areas in the study area
include Morgan’s Point Conservation Area, Wainfleet Wetlands Conservation Area, Gord
Harry Conservation Trail and Baird Estate Wilderness Reserve.

Future Land Use

In Ontario planning decisions are influenced by all levels of government: federal,
provincial, regional and local (e.g. municipal). Although each tier has an appropriate role
in planning decisions, co-ordination between tiers is necessary for effective planning and
management of respective jurisdictions. For example, in Niagara the federal government
would be responsible for regulating railroads, the Welland Canal, and the defense of our
international boundary; whereas the provincial government’s major responsibilities are
primarily concerned with matters of provincial interest, for example, provincial transport
routes, utilities, property assessment, land use planning, and protection of the
environment, as well as numerous aspects of municipal development. Regional
governments are responsible for planning, waste management, regional roads,
treatment and distribution of water, and community services (e.g. police, health and
welfare). Municipalities are primarily responsible for their respective jurisdictions in areas
of physical, economic and social development while adhering to provincial and regional
policies However, some of the aforementioned responsibilities are shared with
respective municipalities with some direction from the provincial government; areas such
as treatment and distribution of water, waste management, planning and land use
regulation.

Therefore, implementation of the Lake Erie North Shore Watershed Plan should be
integrated into planning initiatives and roles of regulation by all levels of government.



Land use changes in the Lake Erie North Shore watershed should also consider
recommendations put forth by the Watershed Plan and supporting studies and
documents where appropriate.

Provincial Tier

In Ontario, the Growth Plan for the Greater Golden Horseshoe (GGH) (Ministry of Public
Infrastructure Renewal 2006) has been prepared under the Places to Grow Act (Ministry
MPIR 2005), to help guide land-use planning decisions in the Greater Golden Horseshoe
area. The Plan provides a framework for managing the projected future growth in the
region by guiding decisions on a wide range of important planning aspects such as
future transportation needs and infrastructure, natural heritage and resource protection,
land use planning and housing requirements. The GGH promotes intensification of
existing built-up areas and revitalization of urban growth centres while recognizing the
vital economic and cultural importance of our rural communities. The GGH works with
other government initiatives such as the Provincial Policy Statement (PPS) (Ontario
Ministry of Municipal Affairs and Housing 2005a), which provides overall direction on
matters related to land use and development in Ontario, and municipal official plans by
providing growth management policy direction.

The PPS recognizes that sustainability of Ontario’s natural and cultural heritage
resources over the long term is of key provincial interest given that that they provide
significant social, economic and environmental benefits; “Strong communities, a clean
and healthy environment and a strong economy are inextricably linked” (PPS 2005).
Accordingly, while providing direction on appropriate development, the policies of the
PPS provide protection for; resources of provincial interest, quality of the natural
environment, and public health and safety by focusing growth within existing settled
areas and away from sensitive or significant natural resources or areas that may pose as
a threat to public health and safety.

The PPS calls for the wise use and management of resources by imposing stringent
limitations on development and site alteration for numerous natural settings, including,
but not limited to; significant and /or sensitive natural areas (terrestrial and aquatic),
lands adjacent to significant and /or sensitive natural features, and areas of fish habitat.
The PPS also calls upon planning authorities to “protect, improve or restore the quality
and quantity of water” (Section: 2.2.1) by means of for example, using the watershed as
the ecological scale for planning activities; ensuring stormwater management practices
have minimal negative impacts; and linkages and related functions between
terrestrial/aquatic features are maintained.

In terms of agricultural areas, the PPS calls for the protection of prime agricultural areas
for long-term agriculture and related usage, and for respective planning authorities to
designate specialty crop areas in accordance with provincial evaluations. In regards to
extraction of mineral aggregate resources, the PPS requires extraction to be
“undertaken in a manner which minimizes social and environmental impacts” (Section:
2.5.2.2), and rehabilitation of the extraction area is required to “accommodate
subsequent land uses, promote land use compatibility, and to recognize the interim
nature of extraction” (Section 2.5.3.1).

In addition to requiring the wise use and management of resources, the PPS calls for
promotion of healthy, active communities by for example, providing public accessibility to
natural settings for recreation, including “parklands, open space areas, trails and , where
practical, water-based resources” (Section: 1.5.1) including shorelines.



The PPS policies may be complemented by other provincial (e.g. GGH), regional (e.g.
Regional Policy Plan, Haldimand Strategic Directions), and municipal policies (Official
Plans) regarding matters of regional and municipal interest. Together, provincial plans,
and regional and municipal official plans provide a “framework for comprehensive,
integrated and long-term planning that supports and integrates the principles of strong
communities, a clean and healthy environment and economic growth, for the long term”
(PPS 2005).

Region of Niagara: Upper Tier

The Planning Act (MMAH 1990) designates the Policy Plan: Regional Strategy for
Development and Conservation (RMN 2007a) as the paramount planning document for
Niagara Region as stated in Section 27.1 of the Planning Act: “The council of a lower-tier
municipality shall amend every official plan and every by-law passed under section 34
[addresses zoning by-laws], or a predecessor of it, to conform with a plan that comes
into effect as the official plan of the upper-tier municipality”. In accordance with the GGH,
PPS and other provincial policies, the Policy Plan outlines numerous regional policies
and strategies addressing local interests. For instance; land use and development,
agriculture, cultural and natural heritage and aquatic resources, and tourism and
recreation are a few of the areas of interest addressed in the Policy Plan.

In 2009, Region of Niagara updated the Urban Areas policies in the Policy Plan
(Amendment 2-2009) to implement strategic directions of an extensive 5-phase growth
management strategy. It is the intent of the Region of Niagara to “promote an integrated
land use planning framework for decision making” that involves all respective
stakeholders, and it is the position of the amended policies to “represent an opportunity
for Niagara to affirm its commitment to building sustainable, complete communities”
(RMN 2009 Section 2). Accordingly, objectives of the Urban Policies include strategies
that are intended to guide decisions related to “land use planning, infrastructure
development, natural and cultural resource management and fiscal planning” (Section
2.2). Strategies in the Policy Plan for implementing this balance include policies related
to for example, urban structure, intensification, Greenfield areas and transportation
corridors.

The Policy Plan also outlines a number of objectives and strategies to maintain and
foster a viable agricultural industry by preserving Niagara’'s agricultural lands and
production through a multi-tier government coordinated effort by supporting the following
policies; tariff/quota protection from imports (federal); adequate marketing and protection
of unjustified taxes (provincial and local); and financial assistance and protection of
unique and good agricultural lands are some of the local policies that the Policy Plan
outlines.

The environmental policies apply an ecosystem approach to the environmental policy
framework by employing proactive sustainable principles. Some of these principles
include: stewardship plus regulation; environmental protection plus enhancement; and
ecosystem health and sustainability. These principles are also applied to the mineral
extraction sector to ensure that these resources are not only available for future use, but
the extraction and “management is compatible with the natural and human environment”
(Section 7.E).

Extensive trail systems such as the Trans Canada Trail, Welland Canals Trail and The
Greater Niagara Circle Route not only provide an abundance of recreational
opportunities for residents and tourists, but these trail systems link Niagara Region’s



history and cultural heritage with its natural heritage. It is the intent of the Policy Plan to
promote and coordinate further development of recreational trails in Niagara to promote
recreational opportunities and encourage healthy lifestyles while fostering the expansion
of the tourism industry.

The Policy Plan also recognizes that successful planning and environmental
conservation requires coordination and cooperation involving all levels of government
and respective stakeholders (e.g. municipalities, landowners, environmental agencies
and interest groups). Accordingly, the Policy Plan, which adheres to provincial policies,
provides an overall framework for development and planning in Niagara Region that the
respective municipalities are to adhere to with further detail at a municipal level.

Region of Niagara: Lower Tier

Due to Niagara’s importance in cross border trade with the United States, the GGH
identifies a Gateway Economic Zone and Centre in Niagara. Accordingly, the RMN in
partnership with the province and local municipalities commissioned a study to develop
an action plan for the implementation of the Gateway Economic Zone and Centre (GKH
2008) in Niagara Region. The Gateway Economic Centre in the Lake Erie North Shore
watershed includes all the settlement areas and port infrastructure in Port Colborne, the
Welland Canal and the linkage between Port Colborne and Welland. The Gateway
Economic Zone does not fall within the Watershed Plan study area.

In the Lake Erie North Shore watershed, the GGH also identifies the area surrounding
the built-up areas adjacent to the Welland Canal in Port Colborne as a designated
greenfield area, making this the focus area of future intensification with an overall
minimum density target of 50 jobs and residents per hectare (MPIR 2006). The
remainder of the Lake Erie North Shore watershed is considered a Good General
Agricultural Area.

City of Port Colborne

The Council approved Draft New Official Plan for the City of Port Colborne (Dillon 2006)
identifies strategic directions for the future of land use planning in Port Colborne.
Intensification will be promoted within the urban area boundary, which will extend north
and westward for the first 15 years, then eastwards there after (ll-Section B1a).
Likewise, designated industrial lands will extend in a northern direction along both sides
of the Welland Canal and port facilities and marine transportation industries will be
encouraged to thrive (ll-Section B2a). The expansion or establishment of quarry
operations will be subject to a series of provisions including a rehabilitation plan and
potentially contaminated sites will require written verification stating that the parcel is
suitable for the proposed land use in accordance with provincial legislation and
regulations (Section 11-C12a).

The lakeshore along Lake Erie has been designated as rural land use. Numerous
policies outline the criteria necessary for future development of these lands including but
not limited to; the planting of mature vegetation; do not and will not require municipal
water supply services or piped sewage treatment; and incorporation of architectural
treatment and landscaping that is compatible with the natural setting of the Lake Erie
shoreline (lll-Section E3c). In addition, it is the intent of the City’s Official Plan to protect
and support the rural and farm related operations by, for example, protecting the



cultivated lands north of Highway #3, and supporting farm-related activities that
contribute to the viability of the farm operations (II-Section B5).

The municipality recognizes the importance of Port Colborne’s natural, cultural and
heritage resources to the community; accordingly it is the intent of the Draft Official Plan
to strengthen these resources by for example, enhanced protection of natural features;
incentive programs; and the “establishment of a [cultural] Heritage Character Area” (ll-
Section B3b).

Township of Wainfleet

The predominant land use within the Township of Wainfleet is agriculture. The Official
Plan of the Wainfleet Planning Area (Township of Wainfleet 1996) recognizes the need
to preserve their prime agricultural land and therefore development is encouraged only
in areas that a balance of quality and sustainability can be maintained. Accordingly, the
majority of the lands north of Highway #3 are zoned agriculture and consist of prime
agricultural land. It is the intent of the Official Plan to “maintain the integrity of the
agricultural area”; therefore “all uses shall be compatible with agriculture and farm parcel
sizes shall be maintained to foster the viability of the agricultural area” (Section 4b). The
lands south of Highway #3 are primarily zoned rural with a strip of lakeshore residential
and pockets of estate residential along the shoreline of Lake Erie. Land use activities
permitted in the rural zone include agriculture and agricultural related activities with non-
farm related uses encouraged to locate in the industrial, commercial, lakeshore and
estate residential zones (Section 4Bi). In areas zoned for extractive industrial, all new
applications for a new pit/quarry or the expansion of an existing pit/quarry shall have
regard for numerous potential impacts (e.g. impact on water table, transportation
systems, adjacent land uses) to ensure that the extraction is carried out with minimal
environmental and social costs (Section 12biv).

Population is not projected to dramatically increase in the near future in the Township of
Wainfleet due to the “unserviced nature of the Township, the capability of nearby urban
centres to absorb significant increase in population, and the relatively slow population
growth rate of the Township in the past” (Township of Wainfleet 1996). In addition, due
to the accessibility of the larger urban centres of Welland, Port Colborne and Dunnville,
commercial development remains oriented towards cottagers. New development along
the lakeshore is limited to single dwelling homes or cottages, and conversions from
cottages to permanent dwellings will only be permitted if several stipulations are met
[e.g. lot size, access, suitability, sewage treatment (Section 8b)]. Currently the Township
of Wainfleet is working with Regional Niagara to generate a secondary plan for the
lakeshore area; therefore once complete this section will be updated.

Objectives of the Official Plan not only include protection and promotion of the farm
related lands and operations, but also provides a framework to protect and enhance
Wainfleet's natural and cultural heritage resources by adopting policies that will preserve
and protect these significant assets. The environmental policies of the Official Plan are
designed “fo identify and protect the critical components of this valuable natural
resource, including hazard lands, wetlands, environmentally sensitive areas, fish habitat
and natural resources areas” (Section 14a). The Official Plan calls for the designated
land use activities to “maintain the significant environmental attributes and functions”
(Section 14a). As previously indicated, it is also the intent of the Official Plan to
“preserve and enhance structures, buildings and properties of historical, cultural,



archaeological and architectural significance” (Section 4B1) by implementing policies
that promote the preservation and maintenance of these unique features.

Currently, the Township of Wainfleet is in the process of updating their Official Plan.

Town of Fort Erie

Approximately 10 percent of the Lake Erie North Shore watershed study area falls within
the municipality of the Town of Fort Erie. The land use in this portion of the municipality
is predominately agriculture and protected environmental area. The Council approved
Draft Official Plan for the Town of Fort Erie (Town of Fort Erie 2009) outlines a number
of goals and objectives in terms of future land use planning for Fort Erie. For the area of
interest for this watershed plan, it is the intent of the Town of Fort Erie to preserve and
protect its agricultural land from activities and land uses which could limit productivity,
and prevent further fragmentation of agricultural lands by non-agricultural purposes and
conservation of the rural landscape (Section 2.3.4).

The Point Abino area has been designated as an Environmental Protection Area in the
Draft Official Plan which will protect this unique area from further development due to
restrictions on development and site alterations in such designated areas as outlined in
the Official Plan (Section 8.2.1). The same restrictions apply to the Dune Protection Area
which has been outlined in the Draft Official Plan; this will protect Point Abino’s unique
dune system from any new development (Section 8.2.4V).

North of the Point Abino Environmental Protection area, the area is zoned rural.
Numerous criteria must be met for a non-agricultural or related land use to be permitted
in rural zoned areas. Some of the criteria include, but are not limited to; a minimum lot
size of 0.4 hectares is required; natural drainage systems of surrounding agricultural
lands shall not be interfered; and the development must be at a scale and density that is
suitable for the physical characteristics of the site (Section 4.6.2). The majority of the
lands within the Crystal Beach urban area that form part of this study are designated
Urban Residential. This zone is intended to facilitate a number of housing forms and
associated urban land uses and services [e.g. schools, public utilities, cemeteries
(Section 4.7.4)].

Haldimand County: Single Tier

The remaining 15 percent of the Lake Erie North Shore watershed study area falls within
Haldimand County. The land use consists primarily of agriculture, recreation and
seasonal residential, with some permanent dwellings. In consultation with the
community, Haldimand County has also developed a series of strategic directions
regarding the future of their municipality; Haldimand County Strategic Directions 2004.
The strategic directions process is based on 6 core themes (e.g. environment, economy,
growth management) that are used to outline the main components of the Official Plan.
These core themes will assist in preparing policy direction for achieving various
components of the Vision Statement that was developed through community
involvement (Haldimand County 2004).

Similar to other official plans, the Haldimand County Official Plan (Haldimand County
Planning 2006) outlines various strategies for future development under the core themes
developed through the Strategic Directions process as previously indicated. The Official



Plan also identifies the need to preserve and manage the County’s natural environment
features and that these principles should form the basis for future development and land
use decisions. The Official Plan states that a “high quality environment will be achieved
and retained as human health is linked to environmental health. The County will strive to
preserve essential ecological functions and protect natural biological diversity and
ecological integrity” (Section 2A.4). In order to accomplish this, the Official Plan
outlines numerous policies with regard to for example, provincially significant wetlands,
habitats of ,species at risk’, development, and other natural environments such as water
resources. The Official Plan also recognizes that cooperation and communication with
other agencies is necessary to accomplish these objectives.

The Official Plan recognizes the importance of Haldimand’s productive agricultural lands
as the “prime economic basis for the rural community” and it is in the “County’s interest
to preserve that lifestyle and foster the agricultural industry” (Section A1). The Official
Plan outlines various policies that are intended to preserve and protect the agricultural
land base for agricultural purposes by for example, limiting land use activities to
agricultural and related activities and for land uses that are compatible with agriculture.
In addition, the policies “encourage the development of agricultural support services
within urban areas and designated hamlets” (Section 3A.3).

A study was conducted in 2004 titled North Shore Strategies: The Lakeshore Area Study
(Haldimand County) with the purpose of providing the County with background
information on the lakeshore area so informed decisions regarding policies for land use
along the lakeshore could be formulated. A major concern identified in the study was the
increase of housing conversions from seasonal to permanent that have been occurring
over the past few years along the lakeshore, therefore a challenge of Haldimand County
includes finding a balance between a sustainable and viable shoreline community while
protecting the natural environment and preserving the lakeshore as an asset for
residents and tourism. Accordingly, the Official Plan outlines numerous policies in
regards to shoreline development as the County recognizes this area as an invaluable
resource and the County “supports the preservation of the open nature of the lakeshore
by limiting development to designated areas or nodes. Scenic roads, public vistas, and
landscapes along the lakeshore will be identified and protected” (Section F6).

Conservation Authorities

It is the intent of the Province of Ontario in the PPS (MMAH 2005) to direct development
“‘away from areas of natural or human-made hazards where there is an unacceptable
risk to public health or safety or of property damage” (Section 3.0). Accordingly, along
the Lake Erie shoreline, development is restricted within the shoreline hazard limit. This
limit is defined as the “furthest landward extent of the aggregate of the flooding hazard
limit plus the erosion hazard limit plus the dynamic beach hazard limit” (NPCA 2007b).
These hazards are defined in the PPS (MMAH 2005) as follows:

*» Flooding hazard limit (along Great Lakes shoreline): based on the 100 year
flood level plus an allowance for wave uprush and other water-related hazards.
« Wave uprush means the rush of water up onto a shoreline or structure
following the breaking of a wave; the limit of wave uprush is the point of
furthest landward rush of water onto the shoreline.



+« Other water-related hazards mean water-associated phenomena other than
flooding hazards and wave uprush which act on shorelines. This includes, but
is not limited to ship-generated waves, ice piling and ice jamming.

» Erosion hazard limit: determined using considerations that include the 100 year
erosion rate (the average annually rate of recession extended over a 100
year time span), an allowance for slope stability, and an erosion/erosion
access allowance.

« Dynamic Beach hazard limit: consists of the flooding hazard limit plus a
dynamic beach allowance [30m dynamic beach horizontal setback (MNR
2001)]. The dynamic beach hazard policy is generally “not applied where
beach or dune deposits overlying bedrock are generally less than 0.3 meters
in thickness, 10 meters in width or extend for less than 100 meters along the
shoreline” (NPCA 2007b).

Conservation Authorities are the
governing body responsible for
hazard lands in Ontario.
Hazardous land, as defined in the
Conservation Authorities  Act
[Section 28 (25)], is “land that
could be unsafe for development
because of naturally occurring
processes associated with
flooding, erosion, dynamic
beaches or unstable soil or
bedrock.”

Accordingly, under the Planning
Act (MMAH 1990), the Niagara
Peninsula Conservation Authority is delegated provincial responsibility for reviewing
natural hazard lands for respective municipalities on any proposed development within
the NPCA jurisdiction. The NPCA has a Memorandum of Understanding with regional
and local municipalities whereby all water-related issues be reviewed by the NPCA.
Comments provided by the NPCA outline implications of development proposals from a
watershed perspective pertaining to natural hazard planning, natural heritage planning,
or groundwater and surface water management [NPCA 2007b (Section 4.0)]. These
comments not only reflect the goals and the objectives of the NPCA under the
Conservation Authorities Act in terms of “a program designed to further the conservation,
restoration, development and management of natural resources other than gas, oil, coal
and minerals” (R.S.0. 1990, c. C.27, s. 20.), but also reflect the requirements of Niagara
Region’s and Haldimand County’s environmental policies.

The policies for NPCA'’s regulated areas are administered under the Ontario Regulation
155/06: Development, Interference with Wetlands and Alteration to Watercourse
Regulation. The policies apply to all “watercourses, floodplains, valleylands, hazardous
lands, wetlands, the shoreline of Lake Ontario, Lake Erie and the Niagara River, and
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lands adjacent to each of these features/functions, within NPCA's jurisdiction” (NPCA
2007b).

The Shoreline Management Plan prepared by Philpott Associates in 1992 followed the
Guidelines for Developing Great Lakes Shoreline Management Plans (MNR 1987). In
2010 the NPCA updated the 1992 Lake Erie Shoreline Management Plan to adhere to
changes in the PPS and Planning Act with regards to Natural Hazards Policies. The
NPCA will use the Lake Erie Shoreline Management Plan Update (Shoreplan
Engineering Limited 2010) when processing applications made pursuant to Ontario
Regulation 155/16 as discussed above.

Natural Heritage Resources

“One of the most fundamental principles of conservation is that there should be a system
of natural corridors across the landscape, interspersed with large core natural areas”
(Federation of Ontario Naturalists No Date). Not only does a natural heritage network
provide a web of natural habitats that is crucial to the long-term survival and
sustainability of biological diversity but this natural complex is critical in the maintenance
of a healthy functioning ecosystem.

In southwestern Ontario, the Carolinian Life
Zone is a rich and diverse network of cores
and corridors that stretches from Toronto to
Grand Bend extending southward to Lake
Erie. Also known as the Eastern Deciduous
Forest Region, this unique ecosystem
boasts roughly one-third of Canada’s rare
and endangered species. Even though the
Carolinian Life Zone makes up less than one
percent of Canada’s total land area, it
contains a greater number of species than
any other ecosystem in Canada and many

- of these species are not found anywhere
else in the country (Johnson 2005). As part of its Big Picture project, Carolinian Canada
identified considerable lands within the Lake Erie North Shore watershed as a
,Carolinian Core Natural Area’ (Figures 10a and 10b).

A core natural area is defined as: “an intact natural area with larger habitat blocks;
regions with a high overall percentage of natural vegetation cover; viable occurrences of
globally rare species and vegetation community types, and concentrations of rare
species and vegetation; should exceed 200 hectares where possible with smaller high-
quality sites in areas with lower amounts of natural vegetation cover; as well as having
minimum corridor widths of 200 metres plus any adjacent areas of natural cover” (Riley
et al 2003).

Corridors provide an increase in functionality of core areas, even smaller or fragmented
areas, by not only facilitating in the movement of larger mammals between natural
areas, but “they are also essential for the movement and maintenance of genetic
diversity for virtually all species regardless of size or species-pollen and seeds and other
genetic material are passed along corridors” (Pim No Date).



In Ontario the PPS (MMAH 2005) calls for the wise use and management of resources,
accordingly Section 2.1.2 of the PPS states: “The diversity and connectivity of natural
features in an area, and the long-term ecological function and biodiversity of natural
heritage _systems, should be maintained, restored or, where possible, improved,
recognizing linkages between and among natural heritage features and areas, surface
water features and ground water features.”

As previously indicated, Regional Niagara’'s Policy Plan: Regional Strategy for
Development and Conservation (RMN 2007a), includes objectives for a healthy
landscape in the environmental policies. For example, Policy 7.A.1b calls upon planning
authorities to employ an ecosystem approach that address “The health and integrity of
the broader landscape, including impacts on the natural environment in neighboring
jurisdictions” when making decisions regarding planning and development or
conservation.

Likewise, the Natural Environment Policies of the Haldimand County Official Plan also
outline various policies related to the Natural Environment, including specific policies for
Provincially Significant Wetlands and Habitat for Endangered and Threatened Species,
as well as general policies for other significant natural environmental features. The
County is “committed to preserving significant Natural Environmental Areas to sustain
essential ecological functions and protect natural biological diversity” (Section 2.A.1).

The Lake Erie North Shore Watershed Plan Restoration Strategy (Table 20 to 33)
acknowledges and addresses linkages and potential corridors that extend outside of the
study area. Large core areas that are present within and outside of the study area (e.g.
Humberstone Marsh, Wainfleet Bog) play an integral role in the formation or
enhancement of corridors.

Lake Erie North Shore Watershed Study Area Natural Heritage Resources

The percentages of upland forest cover, wetlands, and riparian habitat in the Lake Erie
North Shore watershed are recorded in Table 2. These figures will be assessed based
on the guidelines set by Environment Canada (EC) (2004c) as part of the restoration
strategies in the watershed plan.

All of the natural heritage areas including wetlands, woodlots, Areas of Natural and
Scientific Interest (ANSI), Environmentally Sensitive/Significant areas and old growth
forests are illustrated on Figures 11a, 11b, 12a, 12b, 13a, and 13b respectively, and
described below. This information was compiled as a joint initiative by the Ministry of
Natural Resources (MNR), Regional Municipality of Niagara, and the Niagara Peninsula
Conservation Authority.

Table 2: Natural Heritage Resources
Natural Heritage Current Guideline
Resource % (minimum)
%
Upland Forests 20 30
Wetlands 16 10
Riparian Habitat 64 75




Carolinian Canada Signature Site

As part of the Carolinian Canada Coalition’s early workings, inventories of all the
remaining natural areas in the Carolinian Life Zone were reviewed by a subcommittee of
scientists and stakeholders. As a result, 38 key sites were identified as being critically
important; these sites are the best representatives of a particular community and
ecosystem type in the Carolinian Life Zone that were at the time of survey (1984)
unprotected (Johnson 2005). The Point Abino Peninsula Sandland Forest, located in
Fort Erie, has been identified as one of the 38 key sites in the Carolinian Life Zone. This
unique natural heritage site has portions that remain virtually untouched and is the
“largest expanse of naturally forested sandland hills, wetland basins, and undisturbed
shoreline along the north coast of Lake Erie” (Johnson 2005).

This site is also a Life Science ANSI, a provincially significant wetland and contains old
growth forest.

Life Science and Earth Science Areas of Natural and Scientific Interest

An Area of Natural and Scientific Interest (ANSI) “is an area of land and water containing
natural landscapes or features that have been identified as having life science or earth
science values related to protection, scientific study or education” (MMAH 2005). The
following natural areas are designated or candidate ANSIs in the Lake Erie North Shore
watershed.

Point Abino Peninsula Sandland Forest Life Science ANSI

The provincially significant Point Abino Peninsula Sandland Forest is remarkably rich in
its diversity and representation of the Lake Erie shoreline. The significance of this ANSI
has been recognized by the Ontario Ministry of Natural Resources, Carolinian Canada of
which it is a signature site, and numerous naturalists and nature clubs including the Bert
Miller Nature Club. The 198 hectare privately owned ANSI comprises the most extensive
and spectacular expanse of naturally forested sandland hills, wetland basins and
undisturbed shorelines along the north coast of Lake Erie in this region (Macdonald
1990a). The peninsula extends 3 kilometres off the north shore of Lake Erie and is a
tombolo which has developed as a sand bar between an offshore limestone shelf and
the mainland, eventually maturing to become a well-developed peninsula with high sand
ridges originating as a dune system, sand and limestone pavement beaches, eroding
sandy shorecliffs with ridge crest and backslope features, and an extensive wetland
basin (Macdonald 1990a). According to an inventory done in 1980 by Macdonald
(Beechey & Eagles 1985), the vegetation communities consist of a mixture of sand ridge
forests and backshore wetlands. For example, the southwesterly facing slopes and
backshore fringes tend to support a dry forest of white pine, red oak and red maple. On
the mesic slopes, communities of sugar maple, american beech and red oak tend to
dominate, while the moist intraridge basin communities support conifer groves and
deciduous forests of yellow birch and silver maple. The backshore Provincially
Significant Wetland communities consist of, for example, swamp scrublands; sub-
intermediate deciduous swamp forest; and successional wetland communities in the
open areas that were once affected by cutting.
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Empire Beach Backshore Forest Basin Life Science ANSI

This provincially significant Area of Natural and Scientific Interest has also been
designated as a Provincially Significant coastal Wetland. The shallow basin is a clay
covered limestone plain resulting in a poorly drained area which is separated from Lake
Erie’s shoreline by a small sand dune complex which hampers drainage resulting in a
low lying swampy area. According to Macdonald (1990b) the basin itself includes a
series of parallel, low sand ridges which barely rise through the organic soils of the
wetland. The vegetation represents a number of Lake Erie coastal communities, of
particular importance according Macdonald (1990b), is the temperate element of the
deciduous and mixed lowland forests of the swamp basin. They present intermediate to
sub-mature growths of silver maple, black ash, yellow birch, eastern hemlock and red
ash. In the wetland basin, deciduous swamps of silver maple, white elm and red ash
dominate; the sand dune vegetation is dominated by upland deciduous forest of silver
maple, american beach and northern red oak with a well developed shrub and herb flora
understory; and the forested vegetation along northern and eastern peripheral areas are
generally disturbed by drainage, clearing and cutting, although in the north-eastern
section, the “forest cover appears to have succeeded from past selective cutting,
resulting in a very eclectic, but notably rich, complement in all the strata (Macdonald
1990)”.

Humberstone Muck Basin Swamp Forest Life Science ANSI

The provincially significant Humberstone Muck Basin Swamp Forest straddles the
subwatershed boundaries of Black Creek and
Beaver Dam Creek; therefore only a portion of
this unique natural heritage feature falls within
the Lake Erie North Shore study area. The
following description has been provided by
Macdonald (1980): “The landform of this peat
and muck filled basin adjacent to the
Onondaga Escarpment is one of only three
such occurrences in the Haldimand Clay Plain.
The extent, degree of development, diversity
and species richness of the community
patterns, particularly those swamp forests and
scrublands in the southern half, are rarely
occurrant elsewhere in the region”. Vegetation
communities include for example, a lowland
deciduous forest which dominates the basin;
deciduous swamp forests and scrubland. On
the south-eastern fringe, the transition onto the
Onondaga Escarpment rockland supports a
forest dominated by red maple, bur and pin oak

- and shagbark hickory while the corresponding
slope on the western side consists of deeper clay soils that support a younger
successional mixture of forest patterns (Macdonald 1980).

Humberstone Quarry (Port Colborne Quarry) Earth Science ANSI



The Humberstone Quarry has been designated as a provincially significant Area of
Natural and Scientific Interest due to its excellent representation of the Bertie Formation.
The bedrock in the quarry exhibits the contact between the Devonian (Bois Blanc
Formation) and the Silurian (Bertie Formation) Palaeozoic periods. Present in the quarry,
is an exposed sequence of Bertie dolostone and the presence of a major disconformity
which can be traced throughout the Niagara Peninsula (MNR 1983).

Onondaga Formation Earth Science ANSI-regional

The Onondaga Formation is a regionally significant Area of Natural and Scientific
Interest which belongs to the Devonian Period, Paleozoic Era. Two to three metres of
bedrock outcrop is exposed in a flooded quarry west of Port Colborne. The outcrop
pattern of the Clarence member is controlled by the occurrence of biothermal mounds in
the Edgecliff member (Telford and Tarrant 1975).

Bertie Formation Ill Earth Science ANSI-regional

As previously described, the Bertie Formation belongs to the Silurian Period. This
section is located in the Law Quarry west of Port Colborne. The Devonian Bois Blanc
limestone overlies 43 feet of Silurian Bertie dolomite (MNR 1983).

Wetlands

The Ontario Wetland Evaluation System (OWES) is a science-based ranking system
used by the Ministry of Natural Resources
to assess wetland functions and societal
values. Wetlands are evaluated and
assigned a status as ,provincially
significant’ or Jocally significant’. With the
assistance of the NPCA's Natural
Heritage Areas Inventory program, the
Ministry of Natural Resources is currently
revising the boundaries of existing
wetlands and identifying new wetlands in
the Lake Erie North Shore watershed. To
date, over 75 percent of the wetlands
have been designated as provincially
significant, approximately 10 percent are
designated as locally significant and the remaining 15 percent are awaiting evaluations.

The following wetlands have been designated as Provincially Significant Wetlands
(PSWs) in the Lake Erie North Shore watershed:

The Moulton Wetland West provincially significant wetland complex straddles the
subwatershed boundaries of Lowbanks Drain and Mill Race Creek. The wetland is
comprised of 96.6 percent swamp and 3.4 percent marsh (Moraal and Smith 1984b).
Numerous wetland vegetation communities have been identified by Moraal and Smith
(1984b) including for example, robust emergents such as cattails; submerged plants
such as coontail and pondweed; free-floating plants such as duckweed; and deciduous
trees such as willow, maple and poplar.



The Emerson Road Woodlot/ Lowbanks Backshore Provincially Significant
Wetland Complex is over 32 hectares of provincially significant wetland made up of 85
individual wetland pockets. These pockets are composed 7.2 percent swamp and 28
percent marsh (Thomas and Knoll 1986). Thomas and Knoll (1986) have noted
numerous vegetation communities including for example; robust emergents such as
cattails and bulrush; broad-leaved emergents such as water plantain; low shrubs such
as swamp rose, dogwood, and winterberry; and deciduous trees such as red maple,
swamp white oak and white elm.

Only a small portion of The Burnaby Wainfleet Airport Wetlands has been designated
as a provincially significant wetland. This area has not undergone a complete evaluation
to date, so it is possible that in the future as the evaluation is complete a larger tract of
land will be given a designation of provincially significant.

The Cement Plant Road Quarry is a provincially significant wetland composed of 8
percent swamp and 92 percent marsh (Kwicinski and Littleton 1989). Numerous wetland
communities have been identified by Kwicinski and Littleton (1989) including
submergents such as water milfoil; low shrubs such as dogwood and poplar; and tall
shrubs such as willow.

The Nickel Beach Marsh and Woodlot is 47 hectares of provincially significant wetland
and woodlot. This area is a continuation of the Lake Erie shoreline dune complex. The
area behind the dunes is flat and relatively dry except in the western section. The soils
vary from Eastport Sand on the dunes to Muck and Jeddo clay in the areas behind the
dunes (Brady 1980). Vegetation has been noted as mature and numerous species
identified including for example, trembling and largetooth aspen; black and peachleaf
willow; butternut walnut; and Allegheny serviceberry (Brady 1980).

The Beaver Dam Creek Wetland Complex is a provincially significant wetland complex
composed of 6 individual wetlands totalling 136 hectares. This wetland complex is
located behind the Lake Erie Sand Dunes and is in part an organic backshore basin.
Several terrestrial linkages are present such as hedgerows, abandoned agricultural
fields and meadows. Other important linkages include Lake Erie to the south and
Humberstone Marsh to the north (MNR 2009b).

The Point Abino Wetland Complex is a provincially significant coastal wetland complex
comprised of three individual wetlands consisting of 97 percent swamp and 3 percent
marsh (Moraal and Smith 1984a). Numerous wetland vegetation communities have
been noted by Moraal and Smith (1984a), including for example, robust emergents such
as cattails; free-floating plants such as duckweed; tall shrubs such as dogwood; and
deciduous trees such as maple, ash and willow.

The Humberstone Marsh is 381 hectares of provincially significant wetland that
straddles the borders of the Black Creek and Beaver Dam Creek subwatersheds. A
portion of this system has also been designated Humberstone Muck Basin Swamp
Forest ANSI, as previously described. According to a report done by Brady (1980) the
vegetation species composition varies in each of the sections of marsh. Brady noted that
the vegetation of the eastern section included for example, pin oak, white and red oak
and shagbark hickory; the central section consisted of trembling aspen and black cherry;
and the western section was dominated by species such as red and black maple and



yellow birch. Brady also noted that the groundcover varied in thickness throughout the
area and included species such as spice-bush, fern spp., and solomon’s seal.

The Wainfleet Wetlands are 185 hectares of provincially significant wetland. The
Wainfleet Wetlands Conservation Area consists of 181 hectares of woodlots;
abandoned quarries; successional meadow; and provincially significant wetland. The
Niagara Peninsula Conservation Authority purchased the land in 1978 for the purpose of
providing habitat for fish and wildlife while protecting the wetland, alvar, prairie and
meadow communities, and unique open rock features. This wetland is unique as it
attracts a large variety of bird species. Over 50 different species of birds have been
sighted including, yellow warblers, great blue herons, egrets, gulls, terns, and
sandpipers (NPCA No Date). This site is also important habitat for reptiles and
amphibians (Frohlich 2010).

In the woodlots that make up the wetland, numerous vegetation species have been
noted by Brady (1980). These include for example, red, black and white ash, shagbark
hickory, american beech and black cherry. Ground cover varies throughout the area and
consists of arrow-wood, day-lilies, river-bank grape and fern spp.,

Identified Old Growth

The Ministry of Natural Resources
characterizes an old growth ecosystem “by
the presence of old trees and their
associated plants, animals, and ecological
processes. They show little or no evidence of
human disturbance” (MNR 1994). During an
old growth forest survey conducted by the
Bert Miller Nature Club during 2002 and
2003, the definition of an old growth forest
used for purposes of their field work was “a
natural  community  that has  been
continuously forested since before European
Settlement, and that forest's canopy must be
dominated by trees with ages of 150 years or
older. Most old-growth forests have 8 or
more trees per acre that are 150 years old or
greater” (Bert Miller Nature Club 2004).

In the Lake Erie North Shore Watershed
study area, four old growth forests have
been identified by the Bert Miller Nature
Club. Marcy’s Woods, located at Point
Abino, measures 65 acres of high quality (possibly virgin) old growth and has been
identified as Niagara Peninsula’s largest ancient forest and confirmed as the world’s last
known old growth black maple forest. In addition, it has also been designated as one of
Carolinian Canada’s signature sites. The Bert Miller Nature Club (2004) has also noted
that Marcy’s Woods is one of only 3 places where old growth hemlock grows on sand
dunes and one of the only places known where Canadian yew thrives on sand dunes.
The Canadian yew colonies in Marcy’s Woods are probably 500 years old, possibly
older.




Also located at Point Abino is Phillips Ancient Sugar Bush Grove which historically
was a sugar bush. The survey conducted by the Bert Miller Nature Club (2004) noted
that most of the sugar maples were in the 300 to 320 year range, with a few possibly
reaching 400 years old.

Sugar Loaf Hill, located along the Lake Erie shoreline just west of Port Colborne’s
downtown area, is one of three Lake Erie coastal dunes to be covered by old growth
trees. The Bert Miller Nature Club noted ancient hemlocks growing on sand dunes,
which is an extremely rare scenario. In addition, several tree species with ages ranging
from 150 years old to over 200 years old were identified. These include for example, a
sugar maple with a diameter ranging from 20 to 26 inches and an age ranging from 165
to 230 years old; a hemlock with a diameter of 14 inches and an age ranges of 170 to
over 200 years old; and a pignut hickory with an 18 inch diameter and an age range of
175 to 190 years old (Bert Miller Nature Club 2004).

Morgan’s Point owned by the Niagara Peninsula Conservation Authority has been
noted as Lake Erie’'s most eastern lakeshore savannah grove with old growth trees up to
73 inches in diameter and ages of 300 years old (Bert Miller Nature Club 2004). Most of
the large trees are stately black walnuts with a diameter range around 30 inches and an
age range of 150 to 200 years old. Other old growth species include for example, sugar
maples with a diameter range of 20 to 34 inches and ages reaching over 300 years old;
a record sized red oak with a 73 inch diameter and an age of 350 years; and several hop
hornbeam have been identified with diameters ranging from 8 to 15 inches and ages
ranging from 230 to 250 years old (Bert Miler Nature Club 2004).

Conservation Areas

Long Beach Conservation Area

Long Beach Conservation Area is located in the Township of Wainfleet along Lake Erie.
This 56 hectare park offers camping, swimming and numerous other opportunities for
beach related activities along the sandy shores of Lake Erie. Forest and lake habitats
present opportunities for bird watching and wildlife photography. Exposed limestone rock
along parts of the shoreline at Long Beach offer visitors an opportunity to examine
fossilized remains of ancient flora and fauna. Under the lake’s surface this unique rock
form continues out to a small island visible from shore. The result is a natural magnet to
the Great Lakes birds and fish, offering them unique shelter, feeding and spawning
habitat (NPCA No Date).

Morgan’s Point Conservation Area

Located along the shore of Lake Erie, this significant parcel of land is designated as a
regionally environmentally sensitive area due to its significant dune and plant
community, including old growth forest as previously described. The lakefront bedrock
shoal outcrop, sand dunes, tall grass meadow, woodlot and open areas offer passive
recreational uses as well as an excellent opportunity for viewing migratory birds and
monarch butterflies.



Wainfleet Wetlands Conservation Area

The Wainfleet Wetlands Conservation
Area has in part been designated as
provincially  significant wetland, as
previously described. This area also
offers numerous summer and winter
recreational activities such as hiking,
snowshoeing, cross-country skiing and
nature appreciation. The walls of the
quarries pose a unique opportunity to
view the bedrock formations of the
Onondaga Formation. Coral fossils that
comprise a part of our natural history are
displayed in this unique open rock
history and can be observed throughout
the Wainfleet Wetlands quarries. In
addition, as described earlier, this
conservation area is important for the protection of various ecological communities and
providing habitat for wildlife (Frohlich 2010).

Gord Harry Conservation Trail (formerly Wainfleet Rail Trail)

Y

This multi-use trail follows the
pathway of the former Grand
Trunk Railroad, stretching 13
kilometers from the Wainfleet
Wetlands Conservation Area,
west to the border of Wainfleet
and Haldimand County. The
trail offers horseback riders,
cyclists  and hikers  an
opportunity to enjoy the
picturesque countryside from
the spoils of a manicured trail.

Baird Estate Conservation
Area and Wildlife Reserve

This 2 hectare wetland does not have any public access; this natural areas acts as a
wildlife refuge.

Philips Conservation Area (not indicated on mapping)

Philips Conservation Area is 38 hectares in size and includes Philips Ancient Sugar
Bush Grove. This conservation area protects the diversity of ecological communities
and wildlife habitat of forest; wetland; meadow; old growth forest of sugar maple, black
cherry, and oak; and meta core and wildlife connections (Frohlich 2010). There is no
public access to this site.



Important Bird Areas

Important Bird Areas (IBA) are sites critical to the long-term viability of bird populations
and are priority areas for “the conservation of globally threatened, range restricted and
congregatory birds” (Bird Life International No Date). IBA areas are recognized as
having an occurrence of key bird species that are vulnerable to global extinction or
whose populations are otherwise irreplaceable.

There are two recognized IBA’s in the Lake Erie North Shore study area; Point Abino
and Port Colborne’s breakwater and mainland. Point Abino, also a designated
provincially significant ANSI, PSW, old growth forest, significant woodland and a
Carolinian Canada signature site, boasts a diverse breeding community. Several rare
species of songbirds such as acadian flycatchers, hooded warblers and cerulean
warblers have been noted in the area. In addition, in a 1999 survey 73 breeding bird
species were observed (Bird Studies Canada No Date). During the spring and fall
migration, large concentrations of land birds commonly gather off the tip of the Point
Abino peninsula.

The Port Colborne IBA consists of colonies at two locations; on a breakwater
approximately one kilometer offshore, and a landfill inland on the east side of the
Welland Canal terminus. Common terns (breakwall colony) and ring-billed gulls (both
colonies) can be found nesting at these colonies. Bird Studies Canada noted that 1,311
pairs of common terns were recorded at the breakwall in 1987 and in 1990; an estimated
43,590 pairs of ring-bullied colonies were nesting on the mainland site along with
another 2,500 on the breakwater. In addition to the common terns and ring-billed gulls,
Bird Canada Studies recorded 175 pairs of nesting herring gulls and in 1997 a pair of
great-backed gulls was identified nesting there for the first time.
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NPCA Natural Areas Inventory Sites

In 2006, the Niagara Peninsula Conservation Authority initiated a comprehensive Natural
Areas Inventory that was completed in partnership with the Regional Municipality of
Niagara, local municipalities, Peninsula Field Naturalists and numerous other partners.
The goal of the project was to use industry standard, scientifically-defensible protocols to
inventory the natural areas in the NPCA watershed. The updated inventory will provide a
solid resource of information to aid in planning decisions, policy development, and the
prioritization of restoration opportunities. Four major aspects comprise the Natural Areas
Inventory project, these include a Community Series Ecological Land Classification
(ELC) Mapping; field verifications of vegetative communities to Vegetation Type (ELC);
faunal inventories of for example birds, lepidoptera and odonata, herpetofauna, and
lichens; and education. In total, over 500 properties were visited for ELC vegetation type
assessments.

The following descriptions of natural areas and
associated mapping (Figures 13a and 13b)
have been derived directly from the NPCA
Natural Areas Inventory Report. For more
information regarding the faunal inventories
conducted during this study, please refer to the
NPCA NAI Report.

Site ID: HAL-01-00-00-00-00

Municipality: Haldimand County
Subwatershed: Lowbanks Drain

Approx. Size: 50 hectares

General Summary: Study site HAL-01 is
located along the Lake Erie shoreline and was
primarily made up of swamp and marsh
communities. The swamp community was
dominated by Green Ash with associates.
There are a total of 72 recorded taxa (unique
plant records) for this site.

This site is also in part designated as wetland and is awaiting evaluation in terms of
significance.

Name: Bunz Bush (Brady 1980)

Site ID: WF-17-00-00-00-00 Municipality: Haldimand /Wainfleet
Subwatershed: This study site drains east to Mill Race Creek, south to Hoover Drain
and west to Lowbanks Drain.

Approx. Size: 727 hectares

General Summary: This very large study site is located south of the feeder canal and is
bound by Lake Erie on the south, Townline Road in Lowbanks on the west and Sideroad
30 in Wainfleet on the east. The dominant community at this site is Green Ash Swamp.
The swamps are underlain by clay loam soils that help them hold water and there are
many large vernal pools. The properties visited also contained many high climbing
vines. A second noted community is dominated by Poplar Swamp with the Green Ash
Swamp in the lower lying areas. Throughout this community, there are drier knolls
where the Poplars are the dominant species. The wetter areas of the swamp support



small communities of Green Ash Organic Swamp with organic accumulation up to 55cm
deep. There are a total of 130 recorded taxa for this study site.

This site is also in part designated as Moulton Wetland West PSW and a portion of the
identified wetland on this site is still waiting to be evaluated in terms of significance.

Name: Harold Mitchell Nature Reserve
Site ID: WF-18-00-00-00-00 Municipality: Township of Wainfleet
Subwatershed: Mill Race Creek and Hoover Drain
Approx. Size: 66 hectares
General Summary: Study site WF-18 is located at Long Point along Lake Erie. It is
bound by Concession 1 Road to the north, Minor Road to the east, Etling Road to the
west, and Lakeshore Road to the south. This area is a nature reserve owned by the
Niagara Falls Nature Club. It has a slough-ridge terrain with numerous ponds and open
' marshes. This site contains
the last remaining stand of
Hemlock trees along Lake
Erie in the Niagara Region
(The Nature Conservancy of
Canada 1979). There is
also a complex of fresh-
moist mixed meadow
ecosite  (MEMM4)  that
covers a smaller portion of
the polygon or site,
generally on the higher
(B) Laquered Polypore knolls. There are a total of
BT LR IEOEH SET P 132 recorded taxa for this
Jun, 88 study site.

This site is also in part designated as Harold Mitchell Nature Reserve LSW and
partially falls within the boundary of Long Beach Conservation Area and the Gord
Harry Conservation Trail.

Name: Emerson Road Woodlot (Brady 1980)

Site ID: WF-19-00-00-00-00 Municipality: Township of Wainfleet
Subwatershed: This study site drains to Lake Erie via a number of drains.

Approx. Size: 331 hectares

General Summary: This study site is bounded by Concession 1 Road to the north,
Lake Erie/ Lakeshore Road to the south, Station Road to the east, and Minor Road to
the west. The majority of this study site is a typical slough forest community with
complex microtopography. It was noted that the canopy is highly variable and
successional. There was some standing water present at the time of the survey. The
dominant species recorded include, Green Ash, Freeman’s Maple, Red Maple, Red Oak,
and White EIm. Other associates noted were Eastern Cottonwood, Swamp White Oak,
and Willow. The understory was characterized by Gray Dogwood, Nannyberry, and
Choke Cherry with some small Silver Maple or Shagbark Hickory. The herbaceous layer
consisted of largely Spotted Touch-me-nots, Sedges, Thicket Creeper, Avens, and
Goldenrods. Other noted areas were a complex mix of thicket swamps, marshes, and
upland knolls of thicket. These areas were largely Narrow-leaved Meadowsweet,
dominated with Gray Dogwood and Southern Arrow-wood as associates. The wet



pockets were characterized by Cattails and Willows. There are a total of 206 recorded
taxa for this study site.

This site is also in part designated as Emerson Road Woodlot /Lowbanks Backshore
PSW Complex. The Gord Harry Conservation Trail also cuts across the top of this
site.

Name: Morgan’s Point (Brady 1980)

Site ID: WF-21-00-00-00-00 Municipality: Township of Wainfleet
Subwatershed: Casey Drain and Mill Race Creek

Approx. Size: 194 hectares

General Summary: The site is bordered by Lake Erie to the south, Burnaby Rd. to the
west, CNR tracks to the north, and Golf Course Rd. to the east. The town of Burnaby
lies in the centre of the area. This area comprises 30 hectares of gently rolling terrain
(Brady 1980) and for the most part is characterized by very rich upland forest
communities. The most common was a Sugar Maple, White Ash community with
Staghorn Sumac, and Black Raspberry. Shagbark Hickory was the dominant canopy
species in some areas with an herbaceous layer of White Trillium, Herb Robert and
some Garlic Mustard. Also noted was a very rocky area of the Onondaga Escarpment
with vernal pools associated with changes in microtopography. In this area, the canopy
was more fragmented with many dying White Ash. Some regeneration was noted along
with a thicker shrub layer. There are a total of 209 recorded taxa for this study site.

This site is also in part designated as Burnaby Wainfleet Airport PSW and LSW,
Morgans Point Old Growth Forest, and Morgan’s Point Conservation Area. In
addition, Gord Harry Conservation Trail cuts through a portion of the study site.

Name: Fletcher Woodlot (Brady 1980)

Site ID: WF-15-00-00-00-00 Municipality: Township of Wainfleet
Subwatershed: Mill Race Creek

Approx. Size: 167 hectares

General Summary: The Fletcher Woods
study site is located south of the Feeder
Canal and the Village of Wainfleet. It
stretches south of Concession 1 Road and
is nestled between Sideroad 22 and
Gilmore Road, west of where Highway 3
turns north towards the Village. Within the s
Green Ash swamp were drier knolls that &
supported a community of Red Oak,
Sugar Maple and White Ash. Small
depressions were found throughout this
study site that held water for extended
periods of time and therefore had no ground cover. A total of 29 taxa were recorded for
this study site.

Name: Wainfleet Wetlands — Eagle Marsh Drain (Brady 1980)

Site ID: WF-22-00-00-00-00 Municipality: Township of Wainfleet
Subwatershed: Wainfleet Marsh and Eagle Marsh Drain

Approx. Size: 454 hectares



General Summary: This site is located south of the
Wainfleet Bog/ Highway 3 between Golf Course
Road to the west and Steele Street to the east.
The southern boundary is Lake Erie. This study site
is unique in that it contains all of the expected
wetland communities but also has interesting
communities associated with exposed rock
including alvar and rock barren. The most common
community recorded for this study site was the
Shallow Marsh community characterized by
Common Reed, Rushes, Sedges, Cattails, and
Canada Blue-joint. The study site also has a very
rich coastal marsh, which is most likely the largest
coastal shallow marsh along the Lake Erie
Shoreline from Fort Erie to Wainfleet. A dam
immediately north of Lakeshore Road disconnects
this marsh from fluctuating lake levels. The second
most common community denoted was Thicket
Swamp. This community was dominated by Silky Dogwood with Gray Dogwood,
Southern Arrow-wood, Narrow-leaved Meadowsweet, Nannyberry, Willows, and
Manitoba Maple. For more information on this site please refer to the NPCA NAI
Inventory. There are a total of 564 recorded taxa for this site.

This site is also in part designated as Cement Plant Road Quarry PSW,
Wainfleet/Eagle Marsh Drain PSW, and Wainfleet Wetlands Conservation Area. In
addition, Gord Harry Conservation Trail cuts through a portion of the study site.

Site ID: WF-13-00-00-00-00 Municipality: Port Colborne / Wainfleet
Subwatershed: Primarily part of the Biederman Drain subwatershed with a portion in
the west draining to the Mill Race Creek subwatershed.

Approx. Size: 2080 hectares

General Summary: This study site is bordered by the Welland Canal on the east and
Dixie Road on the west. It is located south of the Feeder Canal and stretches south of
Highway 3. This large study site can be subdivided into three areas; the Onondaga
Escarpment, Mud Lake, and the Wainfleet Bog (Brady 1980).

Onondaga Escarpment Sites

The Onondaga Escarpment contains the wooded scarp itself, which is surrounded by
agriculture, and is the southern boundary of the Wainfleet Bog. The community occurring
in large patches along the drier escarpment rim supports large, spreading Red Oaks that
dominate the canopy with Sugar Maple as a close co-dominant. Associates include
Bitternut Hickory, American Beech, Black Cherry and occasionally, Red EIm. The
subcanopy is dominated by Sugar Maple with Hop Hornbeam, Black Maple, and
American EIm occasionally occurring. White Ash and Choke Cherry form a very sparse
shrub layer. On the ground layer, Blue Cohosh, Wild Leeks, Herb Robert, Running
Strawberry and False Solomon’s Seal cover between 25 to 60% of the rocky\stony
shallow soil. However, particularly in areas further back from the escarpment rim, Sugar
Maple forms the canopy. For additional information on the Onondaga Escarpment site
as well as information on the Mud Lake and Wainfleet Bog sites, please refer to the
NPCA Natural Areas Inventory. A total of 620 taxa were documented at these sites.



This site is also in part designated as Wainfleet/Eagle Marsh Drain Wetland Complex
PSW, Onondaga Escarpment Wetland Complex LSW, and Bertie Formation (lll)
Earth Science ANSI.

Name: Sugarloaf Hill (Sand Hills)

Site ID: PC-10-00-00-00-00 Municipality: City of Port Colborne
Subwatershed: Eagle Marsh Drain

Approx. Size: 27 hectares

General Summary: This site is located on the west side of the Welland Canal and
follows the shoreline from Elm Street west to Quarry Road. The northern boundary is
Lakeshore Road. This site includes very tall canopied mature forest with scattered old
growth individuals. Many Red Oak and Sugar Maple trees are approx. 1m diameter at
breast height. The sand dunes are stabilized with Red Oak - Sugar Maple forests and
are carpeted with Impatiens or Garlic mustard in the ground layer. Some patches
support grassy areas of Nodding Fescue and shrubs of Bladdernut along the top or ridge
of dune. The bedrock outcrop east of Sugarloaf Hill has nice Willow species thickets with
some shrubby Eastern Cottonwood and very nice Juncus (Rush)/ Great Lake Coastal
Meadow marshes following the numerous bedrock fissures. The maijority of species for
this study site were observed on the Calcarious Rock/ Bedrock Open Shoreline Ecosite
or the Willow Gravel Shrub Shoreline Type patch and especially from the marshes which
grow in the bedrock fissures closer to the waveline. While the majority of the plants were
recorded in the complexes, the open sandy beach covered a greater percentage of the
area. In this Open Sandy Beach community, the plant cover is very patchy and barren.
Sea Rocket, Clammy Weed, Beach Pea and other upland species were found in this
community. For more information on this site please refer to the NPCA Natural Areas
Inventory. A total of 112 taxa were collected for this study site.

This site is also in part designated as Sugar Loaf Hill old growth forest.

Name: Canal Lands

Site ID: WE-07-00-00-00-00 Municipality: City of Port Colborne
Subwatershed: This study site follows the Welland Canal on both sides from the
Welland River to Lake Erie and therefore only a portion is in the Watershed Plan study
area. This study spans the Welland Canal North, Welland Canal, Welland Canal South
and Welland River Between Canals subwatersheds.

Approx. Size: 1081 hectares

General Summary: This site is characterized by poor soils due to the construction of
the canals. The soil horizon in many areas is inverted and thus there are vast areas
where no vegetation is present. Field crews did visit some vegetated areas of Deciduous
Swamp communities with dominant Green Ash and Swamp Maple. The understory was
largely regenerating Green Ash and Swamp Maple with a ground cover of Fowl Manna
Grass, Crested Sedge, Spotted Touch-me-not, and False Nettle. There are a total of 92
recorded taxa for this study site.

Name: Nickel Beach Woodlot (Brady 1980)

Site ID: PC-04-00-00-00-00 Municipality: City of Port Colborne
Subwatershed: Wignell Drain

Approx. Size: 197 hectares

General Summary: This study site includes a very rich active dune community. It is the
third largest extant of dune ecosystem in the entire NPCA watershed jurisdiction. A rare
form of poison-ivy thicket is found here with stems up to 30-60cm tall on active dunes as



LAKE ERIE NORTH SHORE WATERSHED PLAN

an associate with the more dominant Beach Grass. The backdunes are a mix of Red
Oak — Hop Hornbeam dune forest in the rich mature areas and naturalized Scotts Pine
or Red Pine plantations. Also a very neat and rich Sugar Maple- Hemlock forest covers
cool, north facing slopes to the east of the study area. A total of 154 recorded taxa were
collected for this study site.

This site is also in part designated as Nickel Beach Marsh PSW.

Name: Babion Woods (Brady 1980)

Site I.D: PC-01-00-00-00-00 Municipality: City of Port Colborne
Subwatershed: The majority of this study site flows to the Indian Creek Drain with a
small portion draining north/west to the Lyons Creek Drain.

Approx. Size: 751 hectares

General Summary: The relatively flat terrain of this study site contains intermittent
sloughs and numerous drainage ditches. The extensive network of drainage ditches and
the construction of the highway have lead to a drier community than would have existed
historically. The most common community noted was the Deciduous Swamp dominated
by Swamp Maple and Green Ash. Associated species included, Swamp White Oak,
Red Maple, Silver Maple, and White EIm. There are a total of 176 recorded taxa
recorded for this site.

Name: Dann Dunes

Site ID: PC-16-00-00-00-00 Municipality: City of Port Colborne
Subwatershed: Wignell Drain

Approx. Size: 38 hectares

General Summary: Located south of Highway 3 between Lorraine Road and Weaver
Road. This natural area
supports an excellent example
of forested sand dunes with
numerous old growth trees
and old growth forest
characteristics. The
Deciduous Forests recorded
were dominated by Sugar
Maple, Red Oak and some
Eastern Hemlock. A large
forested swamp characterized
by Red Maple, Green Ash and
Yellow Birch was also noted
for this Study Site. The Thicket
Swamp and Meadow Marsh
communities were situated on
mineral or deep organic soils
in a backdune muck basin. The Thicket Swamp was dominated by Bebb’s Willow with
Silky Dogwood and Narrow-leaved Meadowsweet. The Meadow Marsh was largely
Reed Canary Grass. This natural area is noteworthy for its many old growth trees and
for being one of the best examples of forested dune communities along the Lake Erie
shoreline. There are a total of 160 recorded taxa for this study site.

This site is also in part designated as Beaver Dam Creek Wetland Complex PSW.
Name: Weaver Road Woods (Brady 1980)

70



Site ID: PC-05-00-00-00-00 Municipality: City of Port Colborne
Subwatershed: Beaver Dam Creek and Oil Mill Creek

Approx. Size: 190 hectares

General Summary: It is bounded by Main Street East/Highway 3 on the north, Lake
Erie to the south, Weaver Road to the west and Pinecrest Road to the east. The most
common community noted was Deciduous Swamp dominated by Green, Swamp Maple,
and Red Maple with White EIm. The understory was largely Spicebush, Climbing
Poison-ivy, Common Buckthorn, and Gray Dogwood. The herbaceous layer was a mix
of Spotted Touch-me-not, Fowl Manna Grass, Radiate Sedge, Stout Woodreed, Awil-
fruited Sedge, Goldenrod species, and Western Poison-ivy. There are a total of 167
recorded taxa for this study site.

This site is also in part designated as Beaver Dam Creek Wetland Complex PSW.

Name: Old Mill Creek Wetlands and Dunes

Site ID: PC-14-00-00-00-00 Municipality: City of Port Colborne
Subwatershed: Old Mill Creek and Bearss Drain.

Approx. Size: 129 hectares

General Summary: This site lies between Highway # 3 to the north, Lake Erie to the
south, Pinecrest Road to the west, and Bearss Drain to the east. The first community is
dominated by Swamp Maple or Red Maple with numerous large spreading trees, some
over 1m diameter. The major associate throughout this community is Green Ash which
dominates some patches. White Elm, Shagbark Hickory and occasionally Bitternut
Hickory or Yellow Birch are found as associates. There were pockets with deep organics
which measured more than 30cm where the wetland and dune meet. A low, stabilized
back-dune community dominated by very large diameter, mature Red Oaks with patches
of American Beech (some very, very large, almost 1m dia., and healthy trees) was also
documented. A few Yellow Birch were recorded near the wetland edge, along with a
Black Cherry and one, approx. 50cm dia., Tulip Tree. A total of 38 taxa were
documented at this site.

This site is also in part designated as Oil Mill Creek Wetland Complex LSW and
Empire Beach Backshore Basin Forest Life Science ANSI and PSW.

Site ID: PC-11-00-00-00-00 Municipality: City of Port Colborne
Subwatershed: Bearss Drain and Beaver Dam Creek P.C.

Approx. Size: 123 hectares

General Summary: This site is situated below Humberstone Marsh. There is a very
successional swamp forest regenerating around upland patches of plantation (plantation
includes open meadow patches\Grey Dogwood thicket or closed plantation). A strip of
old field meadow stretches from east to west along the northern margin of the natural
area. This also supports an inclusion of Narrow-leaved Cattail Shallow Marsh. To the
south of the forested polygons 1 & 2, a dry-moist old field has also succeeded with
numerous meadow marsh slough communities. The study site also has many large
diameter oaks. A total of 206 taxa were collected for this study site.

This site is also in part designated as Humberstone Southwest Wetland Complex
LSW.



Name: Point Abino (Brady 1980)

Site I.D. FE-11-00-00-00-00 Municipality: Town of Fort Erie
Subwatershed: Point Abino Drain

Approx. Size: 639 hectares

General Summary: This site is bounded by Pleasant Beach Road to the west,
Willowood Avenue to the east, Sherkston Road and Michener Road to the north and
Lake Erie to the south. Along the lake there are high dunes with good drainage, while
behind these dunes the area is very low and consists primarily of marsh and swamp
communities. The sand dunes at Point Abino support a mature virgin forest and are
considered a unique geomorphological and biological feature in Ontario. The foredune
and beach community adjacent to Lake Erie is also significant since it is one of few
examples of a natural, relatively undisturbed beach at the eastern end of Lake Erie. A
mature Silver Maple Deciduous Swamp lies north of the deciduous dune forest and is a
high quality, mature and undisturbed forest community. The Shallow Marshes or
backdune wetlands are characterized by Broad-leaved Sedges and deep organic soils.
The Point Abino Drain runs along the north and west of this study site and has lead to a
drastic drying of the once dominant wetland communities and swamp forests. In places
there are 120 cm of organics but they are mostly dry. The deep open water channel of
the drain supports a continuous mat of Lesser Duckweed. There are a total of 448
recorded taxa for this study site.

This site is also in part designated Point Abino Wetland Complex PSW, Point Abino
Peninsula Sandland Forest Life Science ANSI and Old growth forest Marcy’s Woods
and Philips Sugar Bush Grove. This site also encompasses Baird Estate
Conservation Area.

Name: Humberstone Marsh (Brady 1980)

Site ID: PC-03-00-00-00-00 Municipality: City of Port Colborne
Subwatershed: Black Creek, Indian Creek Drain and Beaver Dam Creek Drain

Approx. Size: 895 hectares

General Summary: A small area of this large site was visited by NAI Field Crews. The
following is a summary of the notations taken in the field. The dominant community
noted is Deciduous Swamp with Red Maple, Green Ash, and Swamp Maple as the
dominant species. The higher ground between wet depressions in the swamps was

Hickory. The marshes for which this area is named were categorized as Sedge Marshes
or Cattail Marshes. The Broad-leaved Sedge Marshes were dominated by a variety of
sedges including Fox Sedge, Porcupine Sedge, and Bladder Sedge with Three-lobed
Beggar-ticks, Spotted Touch-me-not and Sensitive Fern. The Shallow Marsh community
dominated by Broad-leaved Cattails and Rice Cut Grass included Narrow-leaved



Meadowsweet, Three-lobed Beggar-ticks and Porcupine Sedge. There are a total of 286
recorded taxa for this study site.

This site is also in part designated as Humberstone Marsh PSW and Humberstone
Muck Basin Swamp Forest Life Science ANSI. As previously indicated, only a portion
of this site falls in the Lake Erie North Shore Watershed Plan study area.

In 1979 and 1980, Brock University undertook a field study that involved inventorying
and evaluating remnant natural areas in the Niagara Region. A remnant natural area is
best defined as “areas which maintain a forest ecosystem that appears unaltered by
urban or agricultural activities at this time” [time of study] (Brady 1980). Through the
study, numerous significant natural areas were documented throughout the Niagara
Region. ,Significant' in regards to natural heritage features and areas, is defined in the
RMN Environmental Policies as “ecologically important in terms of features, functions,
representation or amount, and contributing to the quality, diversity, ecological health and
integrity of the Core Natural Heritage System” (Section 7.36.c). For this inventory,
significance was based on numerous criteria borrowed from previous studies done by
Eagles and Adindu (1978). Examples of the criteria used include: the ecological function
is vital to the healthy maintenance of a natural system beyond its boundaries (e.g., water
storage/recharge area); the area is an unusual habitat with limited representation, or a
small remnant of a particular habitat which have virtually disappeared within the Region;
area provides habitat for rare or endangered species; and the area has an unusually
high diversity of biological communities and associated plants and animals.

The following descriptions of the following remnants natural areas have been provided
by this report; Regional Municipality of Niagara Environmentally Sensitive Areas (Brady
1980). It is important to note that some of the identified remnant natural areas have also
been designated as Areas of Natural and Scientific Interest or provincially significant
wetlands and therefore have already been described above, or may have been
described through the Natural Areas Inventory.

Shisler Point Woods is a 77 hectare woodlot located in Port Colborne. This site borders
the Lake Erie shoreline and contains forested dunes and low lying swampy areas which
are a result of the woodlot being at a lower elevation that the lake. This area, in part, is
also designated Empire Beach Backshore Forest Basin ANSI and PSW.

The Burnaby Bush is a 59 hectare woodlot that is bisected by the Canadian National
Railroad. The poor drainage of the Welland Clay soils contributes to the wet condition of
the site. The vegetation association of the woodlot consists of maple/american beech
and maple spp./red ash/oak spp. Game birds and deer have also been noted in the
woodlot.

The Fence-Line Woodlot is a 30 hectare woodlot overlain by dark grey loam soil.
Drainage varies from good in the southern section with intermittent sloughs and very
little standing water, while the north section has poor drainage and contains an
intermittent stream. The vegetation association of the woodlot consists of red ash/willow
spp in the south and eastern cottonwood/trembling aspen/willow spp in the north.
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Species at Risk

A Species at Risk is “any plant or animal threatened by, or vulnerable to extinction” (MNR No
Date). In Ontario, species at risk are governed by two bodies; Committee on the Status of
Endangered Wildlife in Canada (COSEWIC) and the Committee on the Status of Species at
Risk in Ontario (COSSARO).

COSEWIC is an independent body responsible for identifying species that are considered to be
at risk in Canada. COSEWIC reports : g

their findings to the federal government.
The federal government then
determines which at-risk species qualify
for protection under the Species At Risk
Act (EC 2003). COSSARO is an
independent review body made up of up
to 11 members from the public and
private sectors; at least 5 of the
members must be non-OMNR
members. A species status designation
may differ from COSEWIC and
COSSARO because their vulnerability |
changes depending on the geographic -
scale. All species status designations given by COSEWIC will also be given an equal or greater
status designation by COSSARO; a higher status indicates that there is a greater concern for a
species province-wide than nation-wide. In addition, a species may have been given a status
designation by COSSARO and not from COSEWIC because there may only be a province-wide
vulnerability.

In Ontario, over 185 native species have been given official status designations by the OMNR
(OMNR No Date). Currently, several legislative and policy tools protect species at risk in
Ontario. For instance, the Provincial Policy Statement (MMAH 2005) under Ontario’s Planning
Act affords habitat protection by stating “Development and site alteration shall not be permitted
in: significant habitat of endangered species and threatened species” (Section 2.1.3).

In May 2007, Bill 184, Ontario’s new Endangered Species Act, (MNR 2007a) made it to Royal
Ascent in Ontario. It replaced Ontario’s previous Endangered Species Act (1971) in June 2008.
Bill 184 states:

“If a species is listed on the Species at Risk in Ontario List as an endangered or
threatened species, the Bill prohibits damaging or destroying the habitat of the species. This
prohibition also applies to an extirpated species if the species is prescribed by regulations. The
regulations may specifically prescribe an area as the habitat of a species but, if no habitat
regulation is in force with respect to a species, “habitat” is defined to mean an area on which the
species depends, directly or indirectly, to carry on its life processes”.

The OMNR status definitions for species designations range from extinct (no longer exists
anywhere) to data deficient (insufficient information for status recommendation). In the Lake
Erie North Shore Watershed Plan study area, endangered, threatened and species of special
concern have been documented by the OMNR and the NPCA (Table 3).



The definitions for these status designations by the OMNR are as follows:

« Extirpated: A native species that no longer exists in the wild in Ontario, but still exists
elsewhere

» Endangered ( Regulated): A species facing imminent extinction or extirpation in Ontario
which has been regulated under Ontario’s Endangered Species Act

« Endangered (Not Regulated): A species facing imminent extinction or extirpation in
Ontario which is a candidate for regulation under Ontario’'s Endangered Species Act

= Threatened: A species that is at risk of becoming endangered in Ontario if limiting
factors are not reversed

= Special Concern: A species with characteristics that make it sensitive to human
activities or natural events

Table 3: Listed Species at Risk in Lake Erie North Shore Watershed

COSEWIC COSSARO Common Scientific Name
Status Status Name
(Federal) (Provincial)
Endangered Endangered-R King Rail Rallus elegans
Endangered Endangered-R Prothonotary Warbler Protonotaria citrea
Endangered Endangered-R Small White Lady’s-slipper Cypripedium candidum
Endangered Endangered-R Piping Plover Charadrius melodus
circumcinctus
Endangered Endangered Kidneyshell Ptychobranchus fasciolaris
Endangered Endangered Round Pigtoe Pleurobema sintoxia
Endangered Endangered Snuffbox Epioblasma triquetra
Endangered Endangered Acadian Flycatcher Empidonax virescens
Endangered Endangered American Ginseng Panax quinquefolius
Endangered Endangered Butternut Juglans cinerea
Endangered Endangered Eastern Flowering Dogwood Cornus florida
Threatened Threatened Blanding’s Turtle Emydoidea blandingii
Endangered Special Concern Spotted Turtle Clemmys guttata
Threatened Threatened Fowler’'s Toad Bufo fowleri
Threatened Threatened Common Hop Tree Ptelea trifoliata
Threatened Threatened Eastern Hognose Snake Heterodon platirhinos
Threatened Threatened Massasauga Rattlesnake Sistrurus catenatus
Threatened Threatened Least Bittern Ixobrychus exilis
Threatened Threatened Hooded Warbler Wilsonia citrina
Threatened Threatened White Wood Aster Eurybia divaricata
Threatened Threatened Grey Fox Urocyon cinereoargenteus
Threatened Western Chorus Frog Pseudacris triseriata
Special Concern Endangered Peregrine Falcon -shore Falco peregrinus anatum
Special Concern Special Concern Northern Map Turtle -shore Graptemys geographica
Special Concern Special Concern Eastern Milksnake Lampropeltis triangulum
Special Concern Special Concern Grass Pickerel Esox americanus vermiculatus
Special Concern Special Concern Woodland Vole Microtus pinetorum
Special Concern Special Concern Cerulean Warbler Dendroica cerulea
Special Concern Under Review Snapping Turtle Chelydra serpentina serpentina




LAKE ERIE NORTH SHORE WATERSHED PLAN

Fowler's Toad

The Fowler’s toad was designated as a threatened Species at Risk in 1999 by COSEWIC. With
only 3 known habitats left in Canada, all which are
along the north shore of Lake Erie, this species is at
risk of becoming endangered in Canada. The Lake
Erie North Shore watershed is one of the locations
that the Fowler’s toad can be found.

The sandy beaches and dunes along Lake Erie are
important habitats for this species, along with nearby
shoreline feeding areas and breeding sites of shallow
open rocky pools, ponds, wetlands and stream
mouths (Fowler's Toad Recovery Team No Date).
The Fowler's toad utilizes different habitat types
during different times of the year. During winter
hibernation and daily shelter during spring, summer
and fall the Fowler's toad seeks sandy beaches that
are in close proximity to sand dunes. During spring
and early summer breeding and tadpole development,
shallow, open rocky pools, ponds, streams, river
mouths and backshore wetlands are used; and
shoreline areas are used for nightly hydration and
feeding during the spring, summer and fall (Yagi et al.
2007). Therefore protection of all these habitat types is integral to the survival of the Fowler’s
toad.

The Fowler's toad habitat is threatened by
construction of shoreline break walls, piers
and other structures that threaten the natural
processes of dune formation. In addition,
destruction of backshore wetlands,
development, intensive beach grooming and
the use of vehicles on the beach is also
devastating the habitat of the threatened
Fowler’'s toad. Stewardship projects are being
conducted by the MNR, NPCA and numerous
volunteers along the shoreline from Long
Beach to the Niagara River. Projects include
population surveys and a dune enhancement
and pond creation at Morgan's Point
Conservation Area and the former East Seal
Camp Lakewood property.

In addition to the listed endangered, threatened and species of special concern, numerous
provincially rare species have also been documented by the OMNR and NPCA within the Lake
Erie North Shore Watershed Plan study area (Table 4).
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Table 4: Provincially Rare Species in Lake Erie North Shore

Watershed

Common Name

Scientific Name

American Beachgrass

Ammophila breviligulata

Beach Dune Tiger Beetle

Cicindela hirticollis

Bugseed

Corispermum hookeri

Citrine Forktail

Ischnura hastata

Dwarf Umbrella-sedge

Fuirena pumila

Few-flowered Sedge

Carex oligocarpa

Fogg’s Goosefoot

Chenopodium foggii

Goose-foot Corn-salad

Valerianella chenopodiifolia

Grass-leaved Water-plantain

Alisma gramineum

Many-fruit False-loosestrife

Ludwigia polycarpa

Pin Oak

Quercus palustris

Pumpkin Ash

Fraxinus profunda

Purple Cudweed

Gnaphalium purpureum

Red-root Flatsedge

Cyperus erythrorhizos

Schweinitz's Flatsedge

Cyperus schweinitzii

Sedge

Carex seorsa

Sharp-fruit Rush

Juncus acuminatus

Small-flower Groovebur

Agrimonia parviflora

Smith’s Club-rush

Schoenoplectus smithii

Spring Avens

Geum vernum

Southern Tickseed

Bidens coronata

Tufted Titmouse

Baeolophus bicolor

Torrey’'s Manna Grass

Torreyochloa pallida

Toadflax

Linaria canadensis

Weak Stellate Sedge

Carex seorsa

Wild Bean

Strophostyles helvula

Yellow Corydalis

Corydalis flavula

Aquatic Habitat

In Canada, the Fisheries Act (Department of Fisheries and Oceans R.S. 1985, c. F-14) was
established to protect and manage Canada’s fisheries resources. The Act applies to all fishing
zones; territorial and inland waters. As federal legislation, should a conflict arise between the
Fisheries Act and provincial legislation, the Fisheries Act takes precedence. Although
management of fish habitat falls under the authority of the federal government, the federal
government has “essentially no control over the use of inland waters, beds of watercourses or
shorelines which fall under provincial jurisdiction. Alternatively, the provinces cannot make
regulatory decisions concerning fish habitat’(DFO No Date).

Section 35 of the Fisheries Act is the prime focus of the Fisheries Act. This section is a “general
prohibition of harmful alteration, disruption or destruction (HADD) of fish habitat”. Therefore, any
project, work or undertaking that results in a HADD situation would result in a breach of this
section of the Act and could result in a fine up to one million dollars, imprisonment or both.



Fish Community Studies

The fish species found in Lake Erie are representative of a warm water fish community. Cold
water species are present but are few and generally restricted to the deeper portions of the lake.
The warm water fishery of Lake Erie supports commercial and sport fisheries. Over 70 public
access points can be found along the shoreline providing ample of opportunity for recreational
fishing.

The Ministry of Natural Resources considers the warm water fishery along Lake Erie as
important fish habitat. On the north-east shore of Lake Erie an important smallmouth bass
population is present. The Ministry of Natural Resources conducted a number of studies to
assess the spawning habitat of the smallmouth bass in this area. As a result of these studies, a
number of important spawning sites were identified including Gravelly Bay, Nickel Beach,
Lorraine Bay and just east of Windmill Point; the latter falls outside the Lake Erie North Shore
Watershed study area. In Gravelly Bay and Cassaday Point, fish sanctuaries have been
established for the duration of June 1 to July 15, to protect the smallmouth bass during the
spawning period. In addition, a significant smallmouth bass spawning, nursery, and feeding area
has also been identified near Rock Island, off Long Beach (Philpott Assoc. 1992).

The Ministry of Natural Resources conducted fish sampling surveys from 1999 to 2002 at 4 sites
that fall within the Lake Erie North Shore study area. In 1999 and 2001 the shore along Point
Abino was sampled at 3 separate stations. In total 29 species were identified. During 2001 and
2002, 5 separate stations in Point Abino Drain were sampled, and 16 species were identified,
including grass pickerel. During 1999 and 2001, 3 separate stations off shore in Port Colborne
were sampled identifying 22 different species. The fourth site, Wyldewood Beach in Port
Colborne, was sampled at one station during 2001; 3 species were identified. A list of species
identified during these surveys can found in Table 5.

In October 2008, the NPCA conducted additional sampling at 4 sites in the study area; Eagle
Marsh, Lowbanks Drain, Beaver Dam Creek, and Casey Drain. A total of 13 species were
identified at these sites (Table 5).

Significant Fish Species

One of the fish species identified along the Lake Erie shoreline is considered “at risk”; grass
pickerel. Grass pickerel has been designated as a species of special concern by the Committee
on the Status of Endangered Species in Canada and Committee on the Status of Species at
Risk in Ontario.
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Fish Habitat

Fish habitat falls into 1 of 3 categories in Niagara: Type 1, Type 2 or Type 3 (OMNR
2000). Habitat type is based on the sensitivity and significance of current or potential
habitats in a water body. Type 1 habitat is the most sensitive habitat of the 3 types. As a
result, it requires the highest level of protection. Examples of Type 1 habitat include
critical spawning and rearing areas, migration routes, over-wintering areas, productive
feeding areas and habitats occupied by sensitive species. Type 2 habitat is less
sensitive and requires a moderate level of protection. These areas are considered “ideal
for enhancement or restoration projects” and include feeding areas for adult fish and
unspecialized spawning habitat. The third habitat type is considered marginal or highly
degraded and does not contribute directly to fish productivity. Examples of Type 3
habitat include channelized streams and artificially created watercourses (OMNR 2000).

Fish habitat type in the Lake Erie North Shore watershed has been delineated according
to the Ministry of Natural Resources stream classification data. These areas are
depicted on Figures 14a and 14b as critical habitat (Type 1), important habitat (Type 2)
and marginal habitat (Type 3). As illustrated and previously described, numerous areas
along Lake Erie have been identified as critical spawning areas, therefore these areas
have been designated as critical (Type 1) habitat. Casey Drain, Eagle Marsh Drain,
Wignell Drain, Bearss Drain and Point Abino Drain have been classified as important
(Type 2) fish habitat and the Welland Canal has been classified as marginal (Type 3)
fish habitat. The remaining watercourses in the Lake Erie North Shore watershed have
not been evaluated to date in terms of importance for fish habitat.

Municipal Drains

Under the Ontario Drainage Act (R.S.0. 1990, Chapter D.17) drainage works “include a
drain constructed by any means, including the improving of a natural watercourse, and
includes works necessary to requlate the water table or water level within or on any
lands or to regulate the level of the waters of a drain, reservoir, lake or pond, and
includes a dam, embankment, wall, protective works or any combination thereof.”

A large quantity of municipal drains are present in the Lake Erie North Shore watershed
(Figures 15a and 15b). Even though their purpose is to remove excess water from the
land, municipal and agricultural drains do contain fish habitat. To better manage these
drains, Fisheries and Oceans Canada has developed a classification system that
identifies municipal drains as Types A through F using variables such as flow conditions,
temperature, fish species present, and the length of time since the last clean out
(Fisheries and Oceans Canada No Date). For example, a Class A drain has permanent
flow with cold or cool water temperature and no presence of trout or salmon present. A
Type E drain also has a permanent flow with warm water temperatures and top
predators (e.g., largemouth bass, northern pike, muskellunge and crappie) present in the
drain. Type F drains are characterized by intermittent flow (Fisheries and Oceans
Canada No Date). This classification system has been created for use by municipal
drainage superintendents for the purpose of drain maintenance.
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In the Lake Erie North Shore watershed, over 61 percent of the watercourses have been
classified as municipal drains. The drainage classifications range from Class B to Class
F; the majority have a Class F designation (Table 6).

Table 6: Municipal Drains

Class Drain Name Subwatershed
Point Abino Drain-main channel Point Abino Drain
Wignell Drain Wignell Drain
Bearss Drain Bearss Drain
Casey Drain-main branch Casey Drain

Beaverdam Drain-south portion

Beaverdam Drain P.C

Silver Bay Drain

Bearss Drain

Furry Drain

Lowbanks Drain

Bay Beach Area Drain

Bay Beach Area Drain

Little Marsh Drain

Lowbanks Drain

Boulton Ditch Drain

Lowbanks Drain

Eagle Marsh Drain-main branch

Eagle Marsh Drain

Point Abino Drain-northern branch

Point Abino Drain

William-Michael Drain

Bearss Drain

Neff Drain

Bearss Drain

Qil Mill Creek Drain

Oil Mill Creek Drain

Beaverdam Drain-northern portion

Beaverdam Drain P.C

Michener Drain

Wignell Marsh Drain

Central Park Drain

Welland Canal South

Bessey Branch Drain

Eagle Marsh Drain

Casey Drain: East, West and North Branches Casey Drain

Hoover Creek Drain Hoover Drain

H.E. Dickout Drain Lowbanks Drain

m|m(m|m|m(mm|m{m(m|mmimmmmo|o|O0|0|0|w

Chalmers Dickout Drain Lowbanks Drain

In general, Municipal Drains are designed to facilitate in land drainage, prevent flooding
and move water quickly through the watercourse (they are dredged and straightened,
and there is no connection between the floodplain and the channel), therefore it would
imply that the watercourses would be classified as flashy (VanRiezen 2010). Some
factors that influence the shape of the hydrograph for the watercourses in the Lake Erie
North Shore watershed suggest that the majority of the watercourses actually are not
flashy. Physical characteristics found during the NPCA Lake Erie North Shore
Geomorphology Study (2009b) would suggest that most of the watercourses have some
degree of being sluggish.

1. Eight of the eleven designated Municipal Drain subwatersheds have wetlands
within their boundaries which results in the storage of water.

2. The surrounding topography is flat which will affect the time it takes for the water
to get to the watercourse by direct runoff.

3. Vegetation type, impervious area, as well as soil type within the subwatershed
will influence the shape of the hydrograph. If the water cannot infiltrate into the
ground then it will increase the direct runoff and produce a flashy hydrograph.
The major land uses within the subwatersheds include monoculture, rural
landuse, wooded areas, mixed agriculture, and built-up areas (impervious). The
majority of field sites visited had some degree of vegetation in the riparian
corridor.

4. Municipal Drain maintenance will control the longitudinal profile of the
watercourse (the way in which the stream’s elevation changes over distance). If




the longitudinal profile is steep then there will be a more rapid response on the
hydrograph. Overtime, sediment deposited on the bed may change this profile
and drain maintenance would be required to remove the sediment in order to
have the proper longitudinal profile. Relatively deep, unconsolidated sediment
was identified at various field sites.

5. Vegetation in and along the channel bed will influence how quickly the water
moves through the channel. Some
instream vegetation growth and
debris jams were noted at field sites,
but this variable will depend on drain
maintenance schedules.

The majority of the field sites visited during
the summer 2008 had some water present
in the channel but they were classified as
having low to no flow. Algae and turbid
water were identified at numerous sites |
during that time period as well (Van Riezen |
2010).

Water Quality

NPCA Water Quality Monitoring Program

The Ontario Ministry of Environment (MOE) has established a set of Provincial Water
Quality Objectives (PWQO) that are intended to be used to guide respective agencies
when making water quality management decisions. The surface water quality
management goal is “To ensure that the surface waters of the province are of a quality
which is satisfactory for aquatic life and recreation” [MOE 1994 (Section 3.1)]. Table 7
summarizes indicator parameters that are the most useful in assessing relative stream
water quality. They include: total phosphorus, nitrate, copper, lead, zinc, Escherichia
coli, chloride, suspended solids and benthic invertebrates (NPCA 2010). These
parameters are useful indicators but other non-chemical factors such as for example,
loss of habitat, sedimentation, and indigenous species must also be considered when
assessing ecosystem health.

In the Lake Erie North Shore study area, the NPCA monitors surface water quality at
seven stations along the north shore of Lake Erie through the collection of monthly grab
samples (Figures 16a and 16b). All stations are located at the watershed outlets to
capture the cumulative water quality impacts for their respective drainage areas, except
for the station located at the Wainfleet Wetlands Conservation Area; this is a large
abandoned quarry owned by the NPCA. Sampling was initiated in April of 2007 and
samples are collected on a monthly basis during the ice-free season and analyzed for
several parameters including nutrients, metals, bacteria, suspended solids, and general
chemistry.

The Water Quality Index (WQI) is used by the NPCA to summarize water quality data
collected from NPCA surface water quality monitoring stations for reporting and
communication purposes. The WQI was developed by a sub-committee established
under the Canadian Council for Ministers of the Environment (CCME) Water Quality
Guidelines Task Group to provide a convenient means of summarizing complex water



quality information and communicating it to the public (CCME 2001). The index produces
a number between 0 and 100 which represents the worst and best water quality,
respectively. These numbers are divided into five descriptive categories that range from
poor to excellent.

Based on the results of the Water Quality Index (WQI), two of seven Lake Erie tributary
stations in the study area are rated as having poor water quality, 3 stations are rated as
marginal, station PA0O1 is rated as fair, and station WWO0O01 is rated as good (Table 8).
Water quality is negatively impacted by high concentrations of total phosphorus. Mean
total phosphorus concentrations exceed the provincial objective of 0.03mg/L at all
stations, partlcularly at ngnell Draln station WD00O1 and Casey Drain station CD0O01.
> Sources of phosphorus at these
stations include runoff from urban
and agricultural land use, sewage
discharges, and soil erosion.
Wainfleet Wetlands Conservation
Area station WWO001 has the lowest
mean total phosphorus
concentration of all  stations
monitored in 2009 (NPCA 2010).

Elevated concentrations of E. coli
are frequently observed at most
stations. Sources of E. coli at these
stations include sewage discharges,
animal waste, and runoff from urban

and agrlcultural Iand use (NPCA 2010) -

Water quality at Eagle Marsh Drain station EM001 and Wignell Drain station WDO0O1 is
influenced by discharge from bedrock quarries located upstream. Chloride
concentrations frequently exceed the guideline for irrigation quality at station EMO01;
however, this is largely attributed to groundwater input. Other potential sources of
chloride include road salt applied for de-icing and sewage discharges (NPCA 2010).

Wainfleet Wetlands Conservation Area station WWO001 has achieved the highest water
quality index rating for the second year in a row. Water quality at this station is improved
by inflow from groundwater and Lake Erie (NPCA 2010).

Table 7: Water Quality Parameters (as modified from NPCA 2010)

Category Indicator Objective Reference
Parameter
Nutrients Total Phosphorus 0.03 mg/L PWQO (MOE 1994)
Nutrients Nitrate 13 mg/L CWQG (CCME 2007)
Metals Copper 0.005 mg/L PWQO (MOE 1994)
Metals Lead 0.005 mg/L PWQO (MOE 1994)
Metals Zinc 0.02 mg/L PWQO (MOE 1994)
Microbiological Escherichia coli 100 counts/100mL | PWQO (MOE 1994)
Other Chloride 100 mg/L CWQG (CCME 2005)
Other Suspended Solids 25 mg/L BC MOE (2001)
Biological Benthic Unimpaired BioMAP (Griffiths
Invertebrates 1999)




Generally, the WQI ratings obtained at Lake Erie tributary stations are higher than other
parts of the NPCA watershed; however, it is important to note that these stations were
recently added to the network in 2007. As such, the datasets for these stations are
limited and these index ratings may change as additional data is collected (NPCA 2010).

Biological Monitoring and Assessment Program

Benthic macroinvertebrate sampling has been completed at surface water quality
monitoring stations using the BioMAP (Biological Monitoring and Assessment Program)
protocol (Griffiths 1999). Benthic macroinvertebrates are defined as the larger organisms
inhabiting the substrate of waterways for at least part of their life cycle. Benthic
macroinvertebrate species that are commonly found in the Niagara Peninsula include
clams, snails, leeches, worms, and the larval stages of dragonflies, stoneflies,
caddisflies, mayflies and beetles.

For the analysis, the number and assortment of animals found at each site are used to
calculate the biological metrics and indices for the biological assessment. These indices
and metrics are used to convert biological data into a measure of water quality. This
allows for the determination of water quality at a sample site and for cross comparison
against other equivalent watercourses. Water quality results can then be classified as
impaired or unimpaired. Unimpaired sites consist of animals that are susceptible to
environmental pressures; in turn finding these animals in a water system implies the
system has limited environmental stresses. Impaired sites consist mainly of organisms
that are more tolerant to environmental stressors and typically do not include animals
that are historically found. A grey-zone designation is for those sites which cannot be
clearly defined as impaired or unimpaired

BioMAP results indicate that water quality is impaired at most Lake Erie tributary stations
(Table 8). Sediment loading, reduced baseflow, lack of in-stream habitat, and nutrient
enrichment are primary causes of impairment at these stations. BioMAP samples have
not been collected from station WWO001 due to high water depth and access restrictions
(NPCA 2010).

Beach Postings Study

Bacterial contamination at public beaches is a major health concern which results in
beach closures. Therefore, in addition to weekly water quality sampling that is conducted
at 22 public beaches along Lake Erie from June to the end of August, the Regional
Municipality of Niagara is also undertaking a Beach Posting Study (RMN 2007c) at six
public beaches along Lake Erie within the Lake Erie North Shore Watershed Plan study
area. The beaches included in the study are Crystal Beach in Fort Erie, Lorraine Road
and Nickel Beach in Port Colborne
and Long Beach as well as the east
and west beaches of the Long Beach
Conservation Area in Wainfleet. The
objectives of the study are to identify
beaches that are frequently affected
by poor water quality which results in
beach closures; recommend
mitigation measures to remediate the
poor water quality; and recommend a
long-term  annual program that




examines priority beaches in further detail (RMN 2007c). Several sources are known
contributors to poor near-shore water quality, including for example, stormwater runoff;
combined sewer overflows; faulty septic systems; and fecal matter from large
populations of waterfowl. Therefore it is necessary to examine and evaluate the issues
and challenges that are associated with the near-shore water pollution in order to
determine appropriate mitigation measures to improve the water quality, thus reducing

the number of beach closures.

Table 8: Summary of NPCA Water Quality

y Data for Lake Erie tributaries (2007-2009)

Station

Watershed

wal
Rating

BioMAP
Rating

Factors Affecting Water Quality

BDO001

Beaver Dam
Drain

Poor

Impaired

- Exceedances of copper, total phosphorus and E. coli

- Frequent nickel exceedances

- Nutrient enrichment from upstream urban and agricultural
areas

- Lack of riparian buffer

CDO001

Casey Drain

Marginal

Impaired

- Exceedances of E. coli, total phosphorus and suspended
solids

- Nutrient enrichment from upstream urban and agricultural
areas

- Site is vulnerable to low baseflow and water stagnation

- Algae observed during summer months

- Lack of riparian buffer

EMO001

Eagle Marsh
Drain

Poor

Impaired

- Exceedances of chloride, E. coli, total phosphorus and
suspended solids

- Nutrient enrichment from upstream urban and agricultural
areas

- Site is influenced by groundwater discharge from upstream
bedrock quarry

LB0O01

Low Banks
Drain

Marginal

Impaired

- Exceedances of E. coli and total phosphorus

- Nutrient enrichment from upstream urban and agricultural
areas

- Site is vulnerable to low baseflow and water stagnation

- Severe algae growth observed during summer months

- Lack of riparian buffer

PA001

Point Abino
Drain

Fair

Impaired

- Exceedances of total phosphorus

- Nutrient enrichment from upstream urban and agricultural
areas

- Site is influenced by backflow from Lake Erie

WDO001

Wignell
Drain

Marginal

Grey Zone

- Exceedances of copper, E. coli and total phosphorus

- Frequent nickel exceedances

- Nutrient enrichment from upstream urban and agricultural
areas

- Site is influenced by groundwater discharge from upstream
bedrock quarry

WWO001

Wainfleet
Wetlands
Conservation
Area

Good

n/a

- Exceedances of total phosphorus
- Nutrient enrichment from upstream urban and agricultural
areas
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Groundwater Resources

All Ontarians have the right to clean water, not only for recreational purposes but also for
bathing, drinking and cooking. In Ontario, the provincial government launched a Source
Water Protection program to address the need for better protection of water resources
from contamination or overuse. In 2005, a Groundwater Study [Waterloo Hydrogeologic
Inc.(WHI) 2005] was completed for the land area within the jurisdiction of the NPCA.
This study was a key component for planning and implementing measures to protect the
sources of water for the use by the residents of the Niagara Peninsula.

The Groundwater Study provides baseline data that outlines threats, potential threats
and impacts to the areas groundwater resources. The study includes a series of maps
illustrating recharge/discharge areas, well locations, overburden thickness, bedrock
types, groundwater use, contaminant sources, and groundwater susceptibility to
contamination.

Potential groundwater recharge and discharge areas are identified on Figures 16a and
16b. Discharge areas are locations where groundwater leaves the aquifer and flows to
the surface. Groundwater discharge occurs where the water table (or potentiometric
surface) intersects the land surface. Potential discharge areas have been identified in
areas north of the Onondaga Escarpment and in the Wainfleet Wetlands and
surrounding lowlands. The potential height of the water table ranges between 0 and 30
metres below the ground surface at these sites.

Groundwater recharge areas are locations where water is transmitted downward to an
aquifer. The amount of water that infiltrates to the water table depends on, for example,
vegetation cover, slope, soil composition, surficial geology, and depth to the water table.
In the Lake Erie North Shore watershed, potential recharge areas are located along the
Onondaga Escarpment and several bedrock outcrops that are scattered between the
shoreline and the Onondaga Escarpment. Water that infiltrates to the water table may
carry contaminants with it. Therefore, these areas are considered groundwater sensitive.

Figures 16a and 16b illustrate areas with high, medium and low shallow intrinsic
susceptibility. The Lake Erie North Shore study area has been delineated as having a
predominately high intrinsic susceptibility. Areas along the Onondaga Escarpment and
areas where there are bedrock outcrops have been delineated as having a high shallow
intrinsic susceptibility because the openings in fractured bedrock allow for the direct
passage of surface water and contaminants to groundwater resources. In addition, most
of the area south of the Onondaga Escarpment to the lakeshore also has a high intrinsic
susceptibility due to the thin overburden and the porous limestone of the Onondaga
Formation. Areas of medium intrinsic susceptibility are found north and west of the
Onondaga Escarpment where the Onondaga Formation is overlain with less permeable
clay and the overburden reaches a thickness value of up to 25 meters above the
bedrock.

The yellow and green areas illustrated on Figures 17a and 17b are considered
vulnerable to groundwater contamination due to the presence of permeable soils and/or
the shallow depth of the groundwater table. Under the Clean Water Act (MOE 2006b),
vulnerable groundwater areas that fall within an Intake Protection Zone will be protected
under the Source Protection Plan.
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Intake Protection Zone Study

In Ontario over 80 percent of the population receives their drinking water from municipal
sources (O’Connor 2002). Therefore, another facet of source water protection was the
passage of the Clean Water Act in 2006 by the provincial government. The purpose of
the Clean Water Act (MOE 2006b) is to protect existing and future sources of drinking
water supplies.

Accordingly, the Regional Municipality of Niagara has completed a Surface Water
Vulnerability Study for each of its 6 municipal Water Treatment Plant (WTP) intakes; the
Port Colborne intake falls within the Lake Erie North Shore Watershed Plan study area.

The main focus of the Surface Water Vulnerability Study was to characterize the aquatic
and upland features of the area surrounding the WTP intake, delineate the Intake
Protection Zone (IPZ) around the intake, and assess the vulnerability of this intake to
drinking water threats that are located within the IPZ.

The Clean Water Act (2006)
required the  Conservation
Authorities across Ontario to
establish  source protection
committees under the guidance
of the provincial government
with the Chairman of the
committee being appointed
directly by the province. There
are 19 Source Protection
Regions/Areas established in
Ontario, each with a respective
Source Protection Committee.
The work of the committee
includes mapping vulnerable
areas around municipal
drinking water sources,
identifying and assessing risks to municipal drinking water, and ultimately developing
and implementing plans for safeguarding rivers, creeks and other sources of surface and
ground water for municipal drinking water supplies within their geographic jurisdictions.
Therefore, all 6 Surface Water Vulnerability Study[s] are being used by the Niagara
Peninsula Source Protection Committee (NPSPC) to prepare an Assessment Report
and a Source Protection Plan which are required under the Clean Water Act (MOE
2006b).

The purpose of the Assessment Report (NPCA 2010b) is to assess the quality and
quantity of municipal drinking water supplies across the source protection area. The
Assessment Report identifies significant threats including potential future threats that
could impact our drinking water sources (NPCA 2010b). Based on the analysis for the
Port Colborne IPZ areas, there are no significant threats in the IPZ zone immediate
surrounding the intake, and there are 3 significant threats found within the outer IPZ
zone; this outer zone was delineated based on a 2-hour time of travel to the intake. All 3
significant threats “relate to the establishment, operation or maintenance of a system
that collects, stores, transmits, treats or disposes of sewage” (NPCA 2010b).



Upon approval of the Proposed Assessment Report by the MOE, the report will be used
to prepare a Source Protection Plan (SPP). The purpose of the Source Protection Plan
is to eliminate or reduce significant threats to municipal drinking water sources that are
identified in the Assessment Report (NPCA 2010b). The Source Protection Plan, which
should be completed by 2012, may require municipalities to restrict future land use
activities within the area of the Intake Protection Zone, in order to protect the municipal
drinking water source (Wright 2007). The SPP “could use various types of policies
ranging from outreach and education to incentive plans to risk management plans or
even prohibition of certain activities” (NPCA 2010).

The Clean Water Act (MOE 2006b) also requires that decisions made under the
Planning Act or the Condominium Act (MMAH 1990,1998) shall conform to the
significant threat policies and designated Great Lakes policies set out in the Source
Protection Plans; the Source Protection Plan prevails’ in the case of a conflict with
official plans and zoning by-laws, although subject to “the provision that provides the
greatest protection to the quality and quantity of any water that is or may be used as a
source of drinking water prevails” (MOE 2006b, CWA Section 39). Therefore, while no
policies are in place yet, once the Source Protection Plan is approved, it could restrict
future land use activities within the areas of the Intake Protection Zones.

Water Quantity

Water Budget

Under the Clean Water Act (MOE 2006b), one of the requirements of the Assessment
Report Technical Rules is that each Source Protection Region/Area must complete a
Tier 1 Water Budget. The purpose of the Tier 1 Water Budget in Niagara Peninsula is
to:

» Estimate the hydrologic stress of each watershed planning area in order to

screen out areas that are unstressed with respect to water quantity
« Highlight areas where the reliability of water supplies is questionable
» Delineate significant groundwater recharge areas

The Niagara Peninsula Tier 1 Water Budget and Water Quantity Stress Assessment
(NPCA 2009c) contains an analysis of the water inflows and outflows within each
watershed planning area, for example, the Lake Erie North Shore Watershed Plan study
area. The inflows include precipitation, lateral groundwater inflows, surface water
inflows from upstream catchments, and water diversions (such as those from Welland
Canal). Outflows include evapotranspiration, surface water discharges (e.g. Wignell
Drain into Lake Erie), water takings by industry, residences and agriculture, and lateral
groundwater outflow.

A Water Availability Study (WAS) (AquaResource Inc 2009) was completed for each
watershed planning area by analyzing the inflows and outflows using computer models.
The purpose of the WAS was to determine the water available for surface water flow,
groundwater recharge and evapotranspiration on a monthly basis for the time period
1991 to 2005. This time period was chosen to best suit available datasets and meet the
minimum World Meteorological Organization climate normal criterion of fifteen years.



Once the Water Availability Studies were completed, the Tier 1 Water Budget focused
on anthropogenic water takings and water consumption, to determine if the watershed
planning area is stressed hydrologically. The Tier Water Budget and Water Quantity
Stress Assessment (NPCA 2009c) ties in the Water Availability Study and a Stress
Assessment. The report includes a watershed characterization (climate, topography,
geology, physiology, land cover, soils, streamflow), watershed modelling (model set-up,
calibration, verification, sensitivity, results, and uncertainty), water taking analysis and
stress assessment, as well as conclusions and recommendations. The Stress
Assessment was completed for both surface water systems and groundwater systems;
these assessments were conducted separately. A system is considered moderately or
significantly stressed if the demand exceeds a provincial benchmark threshold value
Table 9 (NPCA 2009c).

The Niagara Peninsula Tier 1 Water Budget and Water Quantity Stress Assessment
(NPCA 2009c) identified the Lake Erie North Shore watershed as having a moderate
surface water stress level based on provincial benchmark threshold values (Table 9). A
moderate stress level is assigned to surface water systems where the maximum monthly
water demand consists of 20% to 50% of the surface water supply. The Lake Erie North
Shore was also identified as having a significant groundwater stress level. A significant
stress level is assigned to groundwater systems where the demand for monthly
maximum exceeds 50% or the average annual exceeds 25% of the groundwater supply.

Table 9: Provincial Benchmark Threshold Values

Potential for Surface Water Stress Thresholds

Stress Level Assignment Maximum Monthly % Water Demand
Significant > 50%

Moderate 20% to 50%

Low <20%

Potential for Groundwater Stress Thresholds

Stress Level Assignment Average Annual Monthly Maximum
Significant > 25% > 50%

Moderate > 10% > 25%

Low 0to 10% 0to 25%

Additional benefits that will result from the completion of the Tier 1 Water Budget
include; this project will satisfy one of the Niagara Water Strategy objectives which is to
prepare water budgets for watersheds within Niagara Region; and the project will aid the
NPCA when commenting on Permit-To-Take-Water (PTTW) applications (Wright 2009).

In Ontario, water takings (both surface and ground) are governed under the Ontario
Water Resources Act (MOE 1990) and the Water Taking and Transfer Regulation.
Under the Ontario Water Resources Act “a person shall not take more than 50,000 litres
of water on any day by any means except in accordance with a permit issued by the
Director” (section 34.3). Currently in the Lake Erie North Shore Watershed Plan study
area there are 21 PTTW.




Identification of Challenges in the Lake Erie North Shore
Watershed

The NWS (RMN 2006a) summarized a list of key water protection issues in the Lake
Erie North Shore watershed. Additional issues have been identified by residents living in
the watershed via public open houses and workshops in the spring and fall of 2008. A
Land Management and Agricultural Best Management Practice survey (NPCA 2006a)
(Appendix A) helped to identify land and water management issues in rural areas of the
watershed. A description of the challenges facing the Lake Erie North Shore watershed
are reported here.

Landfill Sites

Seven known closed dumpffill sites in the Lake Erie North Shore watershed were
identified in the Groundwater Study (WHI 2005); all of which fall within the Port Colborne
municipal boundary. In addition, the last active landfill in the study area which was
located in Wainfleet closed December 2008. Landfill sites labelled as ,old dump/fill sites’
are areas that were once used as a dump or landfill. The subwatersheds where these
sites are located are as follows; 3 in Wignell Drain; 1 in Welland Canal South; 1 in Lake
Erie 4; and 2 in Point Abino Drain. The NWS (RMN 2006a) has identified concern that
potential leachate could be discharging from these old dump/fill sites.

Quarry Operations

The NWS (RMN 2006a) has identified concern that the local quarries may be disrupting
the natural flows of water and the Groundwater Study (WHI 2005) has identified
concerns in terms of posing a potential threat to groundwater quality since extraction
removes any overlying protection of soil and overburden, exposing the bedrock or
shallow overburden deposits. In addition, water sampling conducted by the NPCA
commencing in 2007 indicates that water quality at the sampling stations in Eagle Marsh
Drain and Wignell Drain are influenced by groundwater discharge from upstream
bedrock quarries (Michaud Personal Communication).

In 2005, M.A.Q. Aggregates, Inc. submitted an application to the MNR in support of the
Aggregate Resources Act to license a 70 hectare property in Wainfleet for partial
aggregate extraction (Azimuth Environmental Consulting, Inc. 2008). The subject
property, known as Reeb Quarry, is located south of Highway 3 and located on the
adjacent lands to the north of Wainfleet Wetlands Conservation Area.

The license was approved in 2009 subject to prescribed conditions as outlined in the
Aggregate Resources of Ontario Provincial Standards. Some of the conditions include,
but are not limited to, a Spills Contingency program will be developed prior to site
preparation; if required a Certificate of Approval will be obtained for the discharge
system, should water be discharged off site; and if required, a Permit to Take Water will
be obtained for utilizing ground and/or surface water (MNR 2009a).

Water Quantity

Currently in the Lake Erie North Shore Watershed Plan study area there are 21 PTTW.
Six of these permits are in the Township of Wainfleet and the remaining 15 are in the



City of Port Colborne. Four of the PTTW are for surface water takings and the remaining
17 are for groundwater takings. The purposes of these permits are as follows; two are
for commercial uses, 3 industrial, 3 de-watering, 1 recreational, 7 for groundwater
remediation, and the remaining 6 are for water supply (MOE 2009).

Due to the moderate and significant stress assignments determined by the Water
Budget and Water Quantity Stress Assessment (NPCA 2009c) study and an ongoing
fluctuation of water demand it is recommended that this study be improved further by
undergoing development of subwatershed scale hydrogeologic characterizations and the
inclusion of precise actual takings in the demand calculations for large permitted takers
(NPCA 2009c). Increased precision in the water budgets and modelling would provide
better information to make informed decisions in regard to PTTW applications and for
use in planning decisions and policy development.

Groundwater Sensitivity

The NWS (RMN 2006a) and the Groundwater Study (WHI 2005) have identified the
majority of the Lake Erie North Shore study area as highly susceptible to groundwater
contamination due to the thin overburden and bedrock outcrops. The thin overburden is
unable to effectively provide the groundwater with sufficient protection from bacteria,
sediment and other insoluble forms of contaminants that in a thick overburden would
become trapped and filtered within the soil pores. In addition, the openings in the
fractured bedrock as well as the porous limestone allow for the direct passage of surface
water and contaminants to groundwater resources.

The PPS in section 2.2.1(MMAH 2005) requires planning authorities to protect, improve
or restore vulnerable and sensitive surface and ground water features, and their
hydrologic functions. Likewise, it is the intent of the Regional Niagara Policy Plan (RMN
2007a) to protect, improve or restore the quantity and quality of ground and surface
water resources [Section 7(A.2.2)]. Haldimand County is also committed to ensuring a
sufficient supply of high quality is available. As stated in Haldimand County’s Official
Plan, the County understands that “The protection, conservation and careful
management of water resources is necessary in order to meet both present and future
needs. As contamination is extremely difficult, costly and sometimes impossible to
rectify, prevention of contamination is the best strategy” [Section (B.1.10)].

Under the Clean Water Act, vulnerable groundwater areas that fall within an Intake
Protection Zone will be protected under the Source Protection Plan and decisions made
under the Planning Act must conform to the Source Protection Plan.

Septic Systems
A well designed septic system can function properly || \ e .
for years. The basic design of a septic system !

Wastewater from toilets, bathtubs, sinks and other " g o em e
drains flow into the tank where bacteria that is
naturally found in the wastewater breaks down any
solid material. The liquid effluent travels through the
perforated distribution pipes to the leaching bed.

includes a septic tank and a drainage field. l Seple Tom Drahee
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ground in the drainage field. Problems with septic tanks often stem from improper use
and maintenance. Faulty septic systems can create serious local contamination
problems with the potential to contaminate groundwater wells (Pollution Probe 2004).

Faulty or improperly maintained septic systems have been reported as a concern by
participants of a public workshop in November 2008. In addition, the Groundwater Study
(WHI 2005) in consultation with the Region of Niagara Health Department identified
areas where septic systems have been reported to cause problems with the quality of
groundwater (Figure 14). In the Lake Erie North Shore Watershed, septic system hot
spots’ include the Onondaga Hydrogeologically Sensitive Area, where the overburden
overlying the bedrock is too thin to sufficiently treat the septic tank effluent (WHI 2005). It
is evident that aging and faulty septic systems contribute to poor water quality by
discharging partly or untreated sewage effluent into subsurface and surface drainage
pathways (NPCA 2010).

Wainfleet

Like much of the area along the Lake Erie shoreline, municipal water and wastewater
infrastructure does not exist in the Township of Wainfleet. Currently, most of Wainfleet is
serviced by on-site water wells, aside from the Long Beach area which utilizes a
communal water supply, and sewage disposal for the Town of Wainfleet is serviced by
individual on-site septic systems (MacViro Consultants 2002).

Since April 10 2006, the area of Wainfleet south of the former rail line to Lake Erie has
been under a Boil Water Advisory after studies conducted by Niagara Region’s Public
Health and Public Works departments and Ministry of the Environment identified a
significant health concern as a result of the groundwater contamination: “Environmental
and potential health problems associated with the failure and malfunctioning of the
existing private septic tank systems in the Lakeshore Communities in some cases
include raw sewage in roadside ditches, odours associated with these sewage
discharges and on-site ponding from tile field breakouts” (Earth Tech 2005a).

In an effort to address the issue, a Class Environmental Assessment (EA) was initiated
by the Township of Wainfleet and Region of Niagara. The Class EA planning process
includes public and review agency consultation, an evaluation of alternatives,
assessment of the impacts of proposed improvements, and mitigation measures
identified.

As a result of the Environmental Assessment, the preferred alternative for providing the
Wainfleet area with a potable water source is to establish a network of piping and use
the Water Treatment Plant in Port Colborne as a water source. The preferred option in
terms of wastewater servicing is the establishment of gravity sewer systems with
pumping stations. The collected sewage flows would be discharged to the trunk sewer
system in Port Colborne and treatment would occur at the Seaway Waste Water
Treatment Plant (Earth Tech 2005b)

The Minister of the Environment endorsed the preferred alternative to build municipal
water and wastewater central systems, and cited a number of conditions that must be
met prior to construction (MOE 2006c). At the request of the Township of Wainfleet,
Region of Niagara is acting on behalf of the municipality as project manager for the
Lakeshore Water and Wastewater servicing project. Numerous studies are currently
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being carried out as required by the MOE and are available for public commenting as
distributed by Region of Niagara. The studies are as follows: Archaeological Impact
Assessment, Natural Resources Impact Assessment, Socio-Economic Impact
Assessment Study, preliminary Engineering Design, and a Financial Analysis (RMN No
Date).

Road Salt

Originating from salt storage and snow disposal sites as well as from runoff, road salts
are an environmental concern because they are known to have an adverse effect on
freshwater ecosystems, soil, vegetation and wildlife (EC 2004a). In April 2004,
Environment Canada produced a Code of Practice for the Environmental Management
of Road Salts. The Code of Practice recommends that all road authorities prepare and
implement salt management plans that incorporate the implementation of best
management practices (BMP) for salt application, salt storage and handling, and snow
disposal. The benefits of improved salt management include:

= a reduction in corrosive damage to salt application equipment, vehicles, and
infrastructure such as concrete sidewalks and steps;

= a reduction in salt damage to vegetation and surrounding roads and walkways;

= reduced salt releases to surrounding waterways; and

= an overall, more efficient and effective service resulting in safer roads and sidewalks
for users (EC 2004b).

In 2005, the Regional Municipality of Niagara [
undertook a Salt Vulnerability — Study
(Ecoplans Ltd), which identified vulnerable
areas from road salt for land use, surface
water groundwater, and natural areas.

The relatively flat topography of Lake Erie
North Shore watershed results in a high to
moderate vulnerability to surface run off,
therefore the entire study area has been
ranked as moderately high for surface water,
wetland and fish habitat vulnerability from
road salt. Land use vulnerability outside of
the wetland areas has been ranked with a predominantly moderate to moderately low
vulnerability. Groundwater vulnerability along the shoreline is high, with inland
vulnerability ranging from moderately high to moderately low.

It is important to note that the Regional Niagara Salt Vulnerability Study only assessed
risk for Regional roads. Municipal roads should also be assessed to better identify salt
vulnerable areas in the watershed.

In Haldimand County, where a road salt study has not yet been prepared, a Salt
Management Plan is being prepared for the assessment of environmentally sensitive
areas and procedures to assist and control the environmental effects of road salts (N.
Mahmood Personal Communication).
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Nutrient Management

Concern over proper nutrient management in the Lake Erie North Shore watershed was
expressed by participants at a public open house and 2 public workshops in the spring
and fall of 2008. Concerns over nutrient management were also identified in the NWS
(RMN 2006a) and in the Land Management and Agricultural Best Management
Practices survey (NPCA 2006a) distributed to agricultural land owners. Nutrients derived
from manure and chemical fertilizers are necessary for farm production. However, the
improper use of nutrients can result in soil-nutrient imbalances and it can impair water
quality locally and downstream of a farm. In order to maintain soil and water quality, in
2002 the Ontario government introduced the Nutrient Management Act (OMAFRA and
OMOE). As of September 2003, new livestock farms that are over 5 Nutrient Units (NU)
and existing livestock farms expanding to 300 NU or more are required to complete a
nutrient management strategy (NMS) that includes information on its operation, how
much nutrient is produced, how it will be stored, an analysis of its nutrient content, and
where it will be used. A Nutrient Management Plan (NMP) must be completed for
agricultural operations that apply nutrients to the land. The NMP includes information
about the farm and its fields, an analysis of the nutrients to be applied, how much will be
applied and at what rate, and how the nutrients will be stored (OMAFRA and OMOE
2003). The purpose of proper nutrient management is to protect surface and ground
water from contamination.

Beach Postings

Concern over the number of beach postings was expressed by participants at a public
open house and 2 public workshops during the spring and fall of 2008. Beach postings
due to microbial and visible contamination were also identified as an issue in the NWS.
D  Bacterial contamination at public
beaches is a major health concern
which results in beach closures.
Therefore, as previously described,
the RMN is undertaking a Beach
Posting Study in addition to weekly
water quality sampling that is
conducted at 22 public beaches
along Lake Erie from June to the end
of August. The objectives of the
study are to identify beaches that are
frequently affected by poor water
quality which results in beach
postings; recommend  mitigation
measures to remediate the poor water quality; and recommend a long-term annual
program that examines priority beaches in further detail (RMN 2007c).

Several sources are known contributors to poor near-shore water quality, including for
example, faulty septic systems and stormwater runoff and combined sewer overflows;
there are 9 CSO'’s in Port Colborne and a total of 12 storm outfalls in the Lake Erie North
Shore Watershed.

Therefore it is necessary to examine and evaluate the issues and challenges that are
associated with the near-shore water pollution in order to determine appropriate



mitigation measures to improve the water quality, thus reducing the number of beach
closures.

Urban Development

Future expansion of Port Colborne has been identified as a concern in the NWS (RMN
2006a), in terms of affecting natural areas. In addition, this issue was also identified as a
serious concern by the members of the agricultural community that participated in the
Land Management and Agricultural Best Management Practices survey (NPCA 2006a).
Survey participants were very concerned about the loss of agricultural land and the loss
of natural areas to urban development.

As previously noted, the portion of Port Colborne that falls within the Lake Erie North
Shore Watershed Plan study area falls within the Onondaga Hydrogeologically Sensitive
Area. As indicated, this area is susceptible to groundwater contamination due to the thin
overburden and shallow bedrock of the area. Therefore, further development in this area
could potentially have an adverse impact on groundwater quality. However, a portion of
this area falls within an Intake Protection Zone, and under the Clean Water Act,
vulnerable groundwater areas that fall within an Intake Protection Zone will be protected
under the Source Protection Plan.

Background studies conducted for the Region’s Growth Management Strategy indicate
that the City of Port Colborne has “an ample supply of serviced (or serviceable)
designated residential and non-residential land to accommodate growth to 2031 and
beyond’ (Dillon 2008). Accordingly, it is the intent of the City of Port Colborne to promote
intensification of future development within the urban area boundary and protect and
support the rural and farm related operations, as indicated in the Draft New Official Plan
for the City of Port Colborne (City of Port Colborne 2006).

In addition, the Region of Niagara also outlines numerous strategies in the Policy Plan
that provide for the wise use of Niagara’s agricultural resources. Such policies include
for example, the protection of unique and good general agriculture; financial support to
local agricultural groups; and not permitting non-agricultural uses in agricultural areas
(Section 6).

Urban Storm Water Management

A lack of stormwater management facilities to treat urban runoff in Port Colborne has
been identified as a key issue in the NWS (RMN 2006a). Twelve storm outfalls have
been identified in the Lake Erie North Shore watershed; 2 in LMA 3.2 and 10 in LMA 3.3.
During a rain event in an urban or developed area, stormwater remains on the surface
collecting contaminants instead of seeping into the ground as it would in a natural
system. As a result, stormwater accumulates and runs off in great amounts, creating the
potential for flooding and erosion (Pollution Probe 2004). Several strategies can be
implemented to achieve stormwater management that aims to reduce stormwater runoff
such as for example, storing excess water on or near the site, and releasing it slowly
over a long period of time. It is the intent of the City of Port Colborne in the Draft New
Official Plan for the City of Port Colborne (City of Port Colborne 2006) to manage
stormwater on-site to reduce impacts on surrounding properties.



The NPCA and RMN have developed policies that provide for a long-term plan for the
safe and effective management of runoff in urban and urbanizing areas, while sustaining
the health of local rivers and stream (AECOM 2010). The report entitled ,Stormwater
Management Policies and Guidelines’ provides a consist approach to stormwater
management for all municipalities in Niagara Region. Examples of stormwater best
management practices are listed in Appendix B.

Combined Sewer Overflows

Combined Sewer Overflows (CSO) have also been identified as a key issue in the Lake
Erie North Shore watershed through the NWS (RMN 2006a). Nine CSO’s and a pumping
station have been identified in the study area. A combined sewer is designed to collect
stormwater runoff and wastewater (sewage and used water) and transport it to the
treatment plant. However, during heavy rain events or snow melts the wastewater in the
sewer may reach capacity of the sewer system or possibly the treatment plant. When
this occurs, the sewer system overflows and discharges the excess wastewater in to the
nearby watercourse or waterbody. The overflows which contain sewage and stormwater
are called Combined Sewer Overflows, and have been identified as a key issue in the
Lake Erie North Shore watershed.

The Region of Niagara recognizes the significant environmental impact of CSO’s and
sewage treatment bypasses and accordingly has made the elimination of these a
Regional priority [Policy 7.A.2.5 (RMN 2007a)]. In addition, it is the intent of the City of
Port Colborne to address this issue through the Draft New Official Plan (City of Port
Colborne 2006), which states “Combined storm and sanitary sewers are not permitted
and the City will endeavor to separate combined storm and sanitary sewers” (Section |l-
C4b2).

In 2009, the City of Port Colborne in conjunction with the Regional Municipality of
Niagara initiated an Extraneous Flow Reduction Pilot Program for a portion of Port
Colborne. The program involves the “inspection of private sanitary sewer services to
assess their condition and the presence of any improper connections, followed by
recommendations and City funded improvements to remove sources of rainwater from
the sanitary sewer system” (City of Port Colborne 2009). Participation is mandatory for
private landowners and should the inspection indicate that repairs are necessary,
financial assistance is available through the new Sewer Use By-Law.

According to Town of Fort Erie’'s Council approved Draft Official Plan (2009),
improvements to existing sanitary sewer system and the reduction of extraneous flows
are a priority of Council (Section 12.3).

Ballast Water Regulations

Ballast water is carried in the ballast of the ship or cargo tank to assist in the stability,
list, stress or draught of the ship. However, when ballast water is discharged in the lake
water, harmful pathogens and invasive aquatic species may be introduced, potentially
threatening the health of the aquatic ecosystem. Non-native species do not have natural
competitors outside of their native habitats; therefore they pose a threat by out-
competing native species for food and habitat.

In 2006, the Minister of Transport, Infrastructure and Communities announced Ballast
Water Control and Management Regulations. The previous voluntary, now mandatory



measures, include best management practices that must be followed when a ship does
not travel beyond 200 miles from shore or cannot exchange ballast water in mid-ocean
due to safety issues such as weather. Best management practices include either treating
the ballast water, not discharging the water, or exchanging the ballast water in an
alternate zone specified under the regulations which have been identified based on
scientific advice provided by the Department of Fisheries and Oceans (Transport
Canada 2006).

However, more stringent measures are necessary to completely void the threat of
invasive aquatic species. Filtering or heating ballast water or using an ultraviolet light
could be options that may help alleviate the threat of non-native aquatic species from
entering the Great Lakes.

Municipal Drain Maintenance

In addition to having an impact on aquatic and riparian habitat, drain maintenance has
the potential to become quite costly through repeated maintenance activities.
Naturalizing drains, especially through natural areas, is a recommendation that was
made in the NWS (RMN 2006a). Naturalizing drains can potentially lengthen the time
between maintenance events by reducing the amount of sediment entering the
watercourse. Vegetating bare banks and maintaining a buffer strip; restricting cattle
access; and allowing a slight meander to reduce bank erosion and flooding are a few
measures that could potentially
reduce the amount of sediment
loading in the watercourse. In
addition, when maintenance does
occur several measures can be
taken such as leaving the banks
alone, working from one side of the
drain and remove the vegetation at
intervals. If a complete cleanout is
necessary then ensure that the
banks are not cut too steep as this
will just make the banks more
vulnerable to erosion. However, for
a ditch or pipe to become a
municipal drain there must be a by- Mannd U ralh
law adopting an engineer’s report.
Once the municipal drain has been constructed under the by-law, it becomes part of the
infrastructure of the respective municipality. The local municipality is therefore
responsible for repairing and maintaining the drain. Therefore, in order to implement
alternative maintenance practices, the engineers report for the respective drain will need
to be re-visited.

Over 60 percent of the watercourses in the Lake Erie North Shore watershed are
classified as municipal drains. Haldimand County began a 10 year drain maintenance
cycle program; a full cleanout is not necessarily conducted every. The drains included in
this cycle and their last year of maintenance is as follows; Little Marsh Drain (1998), and
Furry Drain, Boulton Ditch, HE Dickout, and Chalmers Dickout (2007).



In Niagara Region, drain maintenance has occurred on the following municipal drains
since 2001: Casey Drain (main branch), Point Abino, Michener Drain, Beaverdam Drain.
Drain maintenance has been scheduled in the near future for Bearss Drain and Bay
Beach Area Drain, and reports for Wignell Drain and Little Marsh Drain are currently in
progress.

Natural Heritage and Resources

Concern over the loss and lack of protection of natural areas was expressed by
participants of a public open house and 2 public workshops in the spring and fall of
2008. Although regional and municipal official plans include the protection of
environmentally significant areas, the loss of natural features still occurs with
development. Natural features include, for example, wetlands, forests, meadows, and
riparian stream cover, and they provide many ecological functions in the Lake Erie North
Shore watershed in terms of protecting water quality, moderating water quantity and
providing habitat. In natural areas stormwater is more or less infiltrated where it falls,
allowing most of the pollutants to be filtered through soils. When these areas are lost,
and their functions not replaced with infiltration, detention or restoration measures,
receiving watercourses are negatively affected with increased flows and pollutant loads.
A lack of tributary buffers has been identified as a major issue in the watershed (RMN
2006a) as well as the fragmentation of natural areas in the study area. Ecological
linkages between natural areas facilitates in the movement of flora and fauna between
natural areas as well as providing habitat and enhancing ecological diversity.

The challenge for the Lake Erie North Shore watershed is to protect and preserve
existing forest and wetland areas. The establishment and expansion of riparian buffers is
needed to protect water quality in the watershed.

The following is a brief summary of some of the benefits of each feature and its
contribution to maintaining a healthy watershed.

Wetland Habitat

Wetlands provide very important water quality and ecological functions in a watershed.
Currently, the percent of wetland cover in the Lake Erie North Shore watershed is high
and should be maintained. Therefore, means to maintain the numbers and/or size of
wetlands will be included in the watershed strategy because wetlands:

= naturally filter water resources thereby improving water quality,

« act like sponges, slowing the flow of water which reduces the impact of flooding and
allows for groundwater recharge,

= help to prevent soil erosion, and

« augments low-flow by raising local water tables, which helps to maintain base flows.

Riparian Cover

Riparian cover in the watershed is moderate with 64 percent of the watercourses have
some vegetation along the watercourse. Therefore a means to improve the riparian
habitat will be addressed in the restoration plan of the Lake Erie North Shore Watershed
Plan. Like wetlands, riparian buffers also improve water quality. For example, riparian
buffers:



+« remove sediment and pollution such as chemicals, fertilizers, pesticides, bacteria and
road salt before they reach surface water,

reduce the impacts of flooding,

prevent erosion,

improve water clarity, and

provide shade and cooler water temperatures for fish and other aquatic organisms
(NPCA 2003).

Upland Habitat: Woodland and Grasslands (Prairies and Meadows)

The amount of forest cover in a watershed determines its ability to support species
diversity. The Lake Erie North Shore watershed is below adequate levels to protect
water quality and provide habitat with 20 percent of the watershed in forest cover. Forest
cover is beneficial because it:

» reduces flooding and high flow events by intercepting runoff thereby encouraging
infiltration,

= improves water quality by slowing the rate of runoff to watercourses, and trapping,
using or breaking down some of the pollutants and nutrients found in runoff water,

= improves water quality by lowering water temperatures and shading water courses,

= improves groundwater quality by increasing the amount of rainfall that percolates to
the groundwater table,

= reduces soil erosion, and

= preserves and increases flora and fauna diversity.

In addition, prairies and meadows also play an important role in creating habitat diversity
and foraging areas for wildlife. Therefore, they should be given consideration in habitat
creation and restoration actions in the Lake Erie North Shore watershed.

Fish and Aquatic Habitat

As previously mentioned the fish community in the Lake Erie North Shore watershed is
representative of a tolerant warm water fishery. Different species of fish have varying
tolerances to environmental change; therefore, they are considered valuable indicators
of environmental and ecosystem health (Nottawasaga Valley Conservation Authority
1995). The protection and improvement of critical and important fish habitat has been
identified as an issue in this watershed, in addition to the completion of fish habitat
classification of all watercourses in the study area
(RMN 2006a).

Fish habitat consists of areas that fish need, whether
directly or indirectly in order to carry out their life
processes including spawning grounds, nursery,
rearing, food supply, and migration areas. Broadly
defined, wetlands, groundwater recharge areas,
aquifers, and the quantity and quality of groundwater
and surface water are all important factors for
maintaining the quality and quantity of fish habitat.
Development activities, structures, changes in land
use, and alteration to hydrology can all impact fish




and fish habitat. Fish habitat can be damaged in numerous ways including:

dredging and filling near spawning and nursery habitat,

loss of riparian vegetation,

stream alterations including fish barriers,

poorly managed stormwater runoff,

impaired water quality (e.g., sediment and nutrient loadings, increased temperature),
and

+ loss of groundwater recharge capability (Fisheries Act, Section 34).

The watershed strategy will focus on preserving Type 1 fish habitat in the watershed,
and it will suggest restoration alternatives to maintain and improve Type 2 fish habitat.

Climate Change

Most climatologists agree that climate change and warming of the Earth’s atmosphere is
occurring. In addition, there is also broad agreement that human activities are primarily
responsible for the changes to global climate that have been observed during the last
half of the twentieth century (de Loé and Berg 2006). In 2007, the Ministry of Natural
Resources released a report on climate projections for Ontario and how Ontario’s
climate could change during the 21% century. Climate models predict the effect of higher
greenhouse gases based on increasing amounts of heat trapped in the atmosphere.
Each modelled scenario has a different set of assumptions about future social and
economic conditions “since the amount of greenhouse gas in the future depends on
highly variable factors such as global population, human behaviour, technological
development and the carbon sink/source behaviour of land and water ecosystems”
(MNR 2007b).

For the Niagara region and westward to Windsor and Sarnia, the modeled projections
calculate an increase in summer (April to September) average temperatures of 5 to 6
degrees Celsius and a 10 % decrease in precipitation by 2071 (MNR 2007b). The winter
climate for most of southern Ontario is projected to increase 1 to 2 degrees Celsius
between 2011 and 2040, and could increase by 3 to 4 degrees by mid-century. In
addition, most of southern Ontario could receive 10% less precipitation during the cold
season (MNR 2007b). Although the projections for Ontario’s future climate are not
certain, it is reported by the MNR in this study that the projections are likely “closer to
future reality than assuming that the future climate will be similar to that of the past 30,
60, or 100 years” (2007b).

The report also outlines possible impacts that climate change could have on Ontario’s
ecosystems, societal values and infrastructure. For example, impacts to the agricultural
sector could include a possible change in crops grown, longer growing season and a
reduced productivity where an increase of temperature without a compensatory increase
in precipitation occurs (MNR 2007b). Examples of potential impacts to the environment
include changes in biodiversity of species and ecosystems, and new species becoming
At risk’ because of disequilibrium with climate (MNR 2007b). For the complete list of
examples of key possible impacts that climate change could have on Ontario’s
ecosystems, societal values and infrastructure taken from this report refer to Appendix
C.



In Mainstreaming Climate Change in Drinking Water Source Protection Planning In
Ontario, de Loé and Berg (2006) report some of the predicted impacts climate change
could have on the hydrologic cycle and water resources in the Great Lakes Basin. The
hydrologic cycle is sensitive to changes in temperature, precipitation and evaporation
which accordingly could result in significant changes to streamflows, lake levels, water
quality, groundwater infiltration, and patterns of groundwater recharge and discharge (de
Loé and Berg 2006). The following are examples of potential impacts that the predicted
changes to the hydrologic cycle could have on water resources in the Great Lakes Basin
as reported by de Loé and Berg (2006):

+« Winter runoff is expected to increase, but total runoff is expected to decrease,
thus summer and fall low flows are expected to be lower and longer lasting;

= Groundwater recharge is expected to decrease due to a greater frequency of
droughts and extreme precipitation events. As a result, shallow aquifers will be
more sensitive to these changes than deeper wells; and

= \Water temperature in rivers and streams is expected to rise as air temperatures
rise, and as summer baseflow is reduced.

These modeled or predicted impacts to water resources will affect society as well as
ecosystems. Societal water use issues may arise because decreased runoff may lead to
reduced water quality, resulting in increased water treatment costs and greater
competition and conflict for water resources during low water or drought conditions.
Ecologically, changes to wetland form and function may also experience change due to
the impacts of climate change. For example, a reduction in groundwater discharge and
an increase in surface water temperature will stress fish and fish habitat (de Loé and
Berg 2006).

For the summary table of identified hydrological changes expected in the Great Lakes
Basin identified in this report, refer to Appendix C.

Ecological Restoration and Environmental Planning
Tools

Communication and Education

Watersheds often span numerous political boundaries. Therefore, agency, non-
governmental partnerships, and citizen involvement is essential to the successful
implementation of the Lake Erie North Shore watershed strategy. To facilitate
communication between citizens and agencies in the watershed, a list of the major water
resources legislation and agencies governing water management in Ontario is provided
in Appendix D. In addition to partnering on public and private lands, policy tools can be
employed to foster environmentally responsible land and water management in the
watershed.

Policy Tools and Incentive Programs

Policy tools addressing land use planning, significant natural heritage features and water
quality and quantity protection can be implemented at the local or regional levels of
government in the watershed. Designed to allow for continued development and/or



revitalization and intensification of developed areas, these tools ensure that issues
pertaining to the protection, improvement, and enhancement of our natural resources
are taken into consideration throughout the development process. Policy tools might
include municipal policies, incentive-based tools as well as other water conservation
related tools. Specific examples of these policy tools and incentives are presented here.

« Stormwater Management Policies require the control and treatment of stormwater
discharges to prevent flooding, minimize downstream channel erosion, and protect
water quality.

« Riparian Buffer Policies protect watercourses and maintain aquatic habitat. Riparian
buffer guidelines should take into account the amount of natural vegetation adjacent to
a stream, the width of the vegetated buffer, total suspended solid concentrations,
percent imperviousness in urbanizing watersheds, and fish communities (EC 2004c).

+« Shoreline Protection Works should take into consideration natural coastal processes
and incorporate natural elements in the design and the materials. Shoreline protection
should also be designed and constructed as to not impeded natural dune processes or
create a barrier preventing amphibians during reproductive migrations between water
and land(e.g. Fowler’s Toad)

« Sustainable Subdivision Design encourage the development of subdivisions
whereby houses are clustered and open space is protected. Conventional
subdivisions spread development evenly throughout a parcel of land. However,
conservation subdivisions are considered “density neutral”, which means that the
same number of lots can fit on a parcel of land, but the arrangement of the houses are
clustered.

= Incentive-based Tools such as Water Conservation Programs aid in the protection
of water quality, quantity and aquatic habitat by reducing the demand on water
resources and maintaining instream flows. Thus, the natural hydrology of streams is
protected during peak water demand.

= Alternative Land Use Services is a program whereby agricultural producers offer
Canadians an environmental partnership opportunity by contributing the use of a
portion of their land, plus labour, equipment, fuel, and money to produce
environmental benefits, while encouraging investments from the rest of society to
manage these benefits.

« Land Securement Programs: securing land into public or private ownership can help
to protect water quality and natural heritage features. For example, maintaining the
natural condition of land around watercourses is an ideal approach to enhance water
quality protection. Land securement programs help protect greenspace, conserve
biodiversity and promote stewardship and community involvement, e.g. NPCA,
Niagara Land Trust

=« Conservation Easements: are agreements made between a landowner and a
conservation groups whereby the landowner still owns the property but has agreed to
restrict or prevent certain land uses in order to protect the natural features on the
property.

« Brownfield Redevelopment Incentives encourage the rehabilitation, remediation
and redevelopment of abandoned, underused or idle industrial and commercial
properties. There are several programs that can be implemented through the RMN
and municipalities such as the Brownfield Tax Grant Program, Brownfield Tax
Assistance Program, Brownfield Tax Arrears Credit Program, Brownfield
Development Charge Incentive Program, and Municipal Brownfield Leadership
Program (RMN 2007b)



« Brownfield Financial Tax Incentive Program: is a provincial funding initiative to
encourage the remediation and redevelopment of brownfield properties. The program
matches provincial education property tax assistance to municipal property tax
assistance for eligible brownfield property owners for the cleanup of the brownfield
property.

« Environmental Assessment Grant Program: This program will assist developers of
brownfield sites in acquiring the environmental information needed to determine the
financial viability of developing these sites (RMN 2007b).

« Downtown/Commercial Area Redevelopment Incentive Programs: these
programs are designed to provide financial incentives to encourage the
redevelopment and rehabilitation of downtown properties and commercial areas in the
Region of Niagara. These programs include the Downtown Redevelopment Grant
Program, Building and Facade Improvement Loan/Grant Program, and
Downtown Development Charge Incentive Program (RMN 2007b).

+ Heritage Properties Tax Reduction Program: this program is designed to help
property owners defer the higher maintenance and repair costs of heritage properties
(RMN 2007b).

+ Heritage Restoration and Improvement Incentive Programs: these programs are
designed to provide financial incentives to encourage restoration and improvement of
heritage properties in the Region of Niagara. These programs include the Heritage
Grant/Loan Program, Professional Design Study Grant Program, and Heritage
Development Charge Incentive Program (RMN 2007b).

=« Special Multi-Residential Tax Rate: encourages the construction of new medium
and high density rental housing by providing a special property tax rate (RMN 2007b).

=« Residential Conversion and Intensification Incentive Programs: these programs
are designed to provide financial incentives to encourage residential conversion and
intensification. These programs Residential Grant/Loan Program, Convert-to-Rent
Grant Program, and Residential Development Charge Incentive Program (RMN
2007Db).

Funding Sources for Environmental Projects

Several funding sources and land management tax incentive programs are available for
landowners and non-profit organizations for creating, enhancing and preserving natural
heritage. Examples of some of these programs follows:

Water Quality Improvement Program

The Niagara Peninsula Conservation Authority provides landowners with up to 75
percent cost-share funding (depending on the eligible project) through its Water Quality
Improvement Program. Participating landowners are responsible for any remaining costs
through cash and in-kind contributions. To qualify for funding the following criteria must
be met:

» projects must be within the NPCA'’s jurisdiction;

= projects must demonstrate an improvement to local surface and/or groundwater
quality;

+ the landowner must demonstrate good land stewardship practices;

» the landowner must contribute financially to the project in some capacity; and

+ the landowner must complete a water quality improvement application and sign a
project agreement form (NPCA 2003).



Eligible projects are related to woodland, wetland and riparian habitat restoration;
manure and nutrient management; milkhouse washwater treatment and disposal,
livestock restriction, alternate watering systems and crossings; and conservation farm
practices.

Conservation Land Tax Incentive Program

The Conservation Land Tax Incentive Program (CLTIP), offered by the Ministry of
Natural Resources, was established by the province in 1998 to recognize, encourage
and support the long-term private stewardship of Ontario’s provincially significant
conservation lands. This program provides property tax relief (100 percent for the eligible
portion of the property) to landowners and non-profit organizations who agree to protect
the natural heritage values of their property. Eligible lands consist of provincially
significant areas identified by the Ministry of Natural Resources, and include: provincially
significant wetlands; provincially significant Areas of Natural and Scientific Interest;
endangered species habitats; lands designated as escarpment natural areas in the
Niagara Escarpment Plan; and community conservation lands, which are natural areas
of significance owned by non-profit charitable conservation organizations and
conservation authorities. Landowners whose land is eligible and who are enrolled in this
program are automatically notified by the MNR during the summer before each new tax
year (MNR 2004).

The Managed Forest Tax Incentive Program

The Managed Forest Tax Incentive Program (MFTIP), offered by the Ministry of Natural
Resources, was established in 1998 to recognize the social and ecological benefits of
forest lands. Privately owned forest land is eligible to be taxed at 25 percent of the
municipal tax rate set for residential properties provided the property has at least 4
hectares of forest, is owned by a Canadian citizen, and has a Managed Forest Plan
approved by a consultant designated by the MNR (Ontario Woodlot Association 2005).

Farm Property Class Tax Rate

Under the Farm Property Class tax rate, farm properties that satisfy the eligibility
requirements will be taxed at 25 percent of the municipal residential rate. However, the
farm residence and 1 acre of land surrounding the residence will be taxed as part of the
residential class. In order to be eligible for the Farm Property Class tax rate all of the
following criteria must be satisfied:

« the property must be assessed as farmland;

» the property must be used as part of a farming operation generating Gross Farm
Income of at least $7,000 as reported to the Canada Revenue Agency for income
tax purposes;

« avalid Farm Business Registration number is required for the business operating
on the land; and

« the property must be owned by a Canadian citizen or a permanent resident of
Canada (OMAFRA 2004).



Species at Risk Farm Incentive Program

The Species at Risk Farm Incentive Program (SARFIP) was launched in 2008 by the
Ministry of Natural Resources to encourage greater protection and conservation of
species at risk and their habitats on privately owned agricultural lands across Ontario.
The program provides “enhanced cost share opportunities for farmers who take action
on selected environmental Beneficial Management Practices that play a key role in
contributing to a healthy and diverse environment as well as helping sustain production
and profitability on the farm” (MNR No Date-b). Ontario farmers may be eligible for up to
100 percent of the cost to establish a BMP project from the list of approved projects.
Projects include, but are not limited to:

# riparian area management
erosion control structures in riparian area
improved pest management
shelterbelt establishment, and
enhancement of wildlife habitat and biodiversity.

Water Well Decommissioning Program

The NPCA has launched a water well decommissioning granting program for qualifying
landowners with lands located within the NPCA jurisdiction. To qualify for funding the
following criteria must be met:

= grants are available for the decommissioning of unused water wells only. Oil
wells, gas wells and cisterns are not eligible under this program;

« the proposed work must be completed by a water well contractor licensed by the
Ministry of the Environment (MOE) as set out in Ontario Regulation 903;

« the proposed work must comply with MOE procedures for plugging or
abandoning unused water wells according to Ontario Regulation 903. Details of
the procedure must be documented on the water well record and submitted to
the MOE by the hired water well contractor upon completion;

+« a copy of the water well record must also be submitted to the NPCA by the
landowner or the hired water well contractor upon completion;

» priority will be given to:

o hydrogeologically sensitive areas (based on NPCA Groundwater Study or
other studies as endorsed by NPCA),
0 projects located in areas with a high density of domestic water wells, and
o0 areas where watershed plans have been completed or are on-going; and
all proposals are subject to review and approval by NPCA staff.

Under this grant program, applicants must apply and be approved prior to initiating their
project. Projects already underway or completed without NPCA approval are not eligible.
Eligible costs include those incurred by a licensed contractor and/or licensed technician
fees for water well decommissioning (as approved by the NPCA). The Grant will cover
90 percent of well decommissioning costs to a maximum of $2,000 per well (limit of two
wells per property). This is a reimbursement program; the landowner will pay the full cost
to the contractor, and will be reimbursed for 90 percent of the total project cost after all
receipts, invoices, and water well decommissioning records are submitted to the NPCA.



EcoAction Community Funding Program

Environment Canada’s EcoAction Community Funding Program provides financial
support to community groups for projects that have measureable, positive impacts on
the environment. Funded projects promote the participation of local communities to
address clean air, climate change, clean water, and nature to protect, rehabilitate or
enhance the natural environment (Environment Canada No Data). A maximum of
$100,000 is available per project and the project duration may be up to 3 years. The
following is a list of those that can apply for funding through the EcoAction Community
Funding Program:

Non-profit non-government groups and organizations and community groups
Environmental groups

Aboriginal groups and First Nation Councils

Service Clubs

Associations, and

Youth and Senior Organizations

Watershed Best Management Practices

A best management practice (BMP) is a land management practice implemented to
control sources or causes of pollution. The 3 types of BMPs that treat, prevent, or reduce
water pollution include:

» Structural BMPs are practices that require construction activities such as stormwater
basins, grade stabilization structures, and crib walls.

» Vegetative BMPs use plants, including grasses, trees and shrubs to stabilize erosion
sites.

» Managerial BMPs involve policy changes or operating procedures at a site (Brown, et.
al. 2000).

It is important to note that BMPs are available for both urban and rural areas. A brief
description of urban and rural BMPs follow and a more complete list of structural,
vegetative and managerial BMPs are provided in Appendix B.

Urban Best Management Practices

Urban BMPs are designed to redirect water from impervious surfaces to infiltration areas
such as lawns, gardens, or forested areas. Residential landowners can minimize outdoor
water consumption; plant drought-tolerant vegetation; capture rainwater for outdoor
watering; avoid clearing vegetation around streams, riparian zones or floodplains; avoid
channelizing streams or channels that connect to streams; avoid filling in floodplain or
riparian zone areas; and discontinue the use of chemical fertilizers on their lawns and
gardens. In addition to landowner BMPs in urban areas, BMPs can also be employed by
local and regional governments to reduce the impacts to water quality and quantity from
stormwater. Examples of Urban BMP’s can be reviewed in Appendix B.



Stormwater Best Management Practices

Stormwater BMPs are techniques, measures, or structural controls that are used to
manage the quantity and improve the quality of stormwater runoff in a cost effective
manner. Measures for controlling storm water include at source and lot-level controls,
conveyance controls and end-of-pipe controls. Examples of Stormwater BMP’s can be
reviewed in Appendix B.

At Source and Lot-Level Quantity Controls:

Typically At Source and Lot-Level controls are the most effective in providing water
quality protection because they prevent pollutants from entering the drainage system
and provide for flow retention at source. Most practices can assist in addressing the four
criteria; quantity, quality, stream erosion, and hydrologic cycle, but they are more often
associated with quality and quantity control (National Guide to Sustainable Municipal
Infrastructure 2003; AECOM 2010). At Source and Lot-Level controls consist of non-
structural source controls, housekeeping practices, control of construction activities, and
structural at-source controls (AECOM 2010).

Conveyance Controls

Conveyance controls provide quality and/or quality control within the conveyance system
between the source and outlet, to help mitigate the impacts of urbanization. They
transport runoff from developed areas through storm sewers, roadside ditches, or
vegetated swales (AECOM 2010).

End-of-Pipe Controls

End-of-pipe controls allow for flow attenuation, major flow conveyance, and water quality
enhancement of storm water before outletting to receiving body of water. Examples
include wetlands, dry ponds and wet ponds. End-of-pipe controls allow for storm water
quality and quantity mitigation at or near the downstream end of the conveyance control
(AECOM 2010).

Managerial Best Management Practices

Managerial BMPs can also be achieved through municipalities. Municipalities can
encourage and/or regulate land use planning and management by developing
ordinances to manage stormwater impacts by limiting pavement, preserving open space,
and delineating areas in the watershed for more on-site stormwater management
facilities. Examples of Managerial BMP’s can be reviewed in Appendix B.

Agricultural Best Management Practices

BMPs can improve rural non-point source pollution problems. For example, a lack of
tributary buffers, and nutrient management have been identified in the watershed (RMN
2006). Sediment control BMPs, water quality BMPs and nutrient management BMPs can
be employed to mitigate the impacts of these activities on watercourses and wetlands.
Examples of agricultural BMPs are provided below and a more thorough list of
agricultural BMPs can be found in Appendix B.



Sediment Control Best Management Practices

Conservation tillage results in minimum soil disturbance by leaving at least 30 percent of
the soil surface covered with crop residue immediately after planting. It is estimated that
conservation tillage reduces soil loss by 50-95 percent and is effective in improving
water quality. Windbreaks also control sediment and simply consist of rows of trees
planted around the edge of fields to reduce soil erosion by wind.

Water Quality Best Management Practices

Tailwater recovery ponds are located at the base of a drainage area. They are designed
to intercept runoff before it enters a stream to treat and remove sediment and nutrients
from the water. These ponds can also be used as a source of irrigation water. Contour
farming involves ploughing furrows perpendicular to the contour of the land, which allows
water to be captured between the furrows to prevent the formation of erosion rills down
the slope. This method also helps minimize the volume of water that is applied to the
field thereby reducing sediment washoff. Buffer strips represent a third example of
agricultural BMPs to protect water quality. Vegetation planted along a watercourse
ensures bank stability and provides shade to the stream. Buffer strips also act to trap
sediment and filter nutrients out of runoff from agricultural fields.

Nutrient Management Practices

The objective of nutrient management in Ontario is to use nutrients wisely for optimum
economic benefit, while minimizing the impact on the environment (OMAF 1996). A
nutrient management plan provides direction on how nutrients are to be applied to a
given land base to optimize the use of nutrients by crops in order to minimize
environmental impacts. In addition to nutrient management plans, fertilizer storage
BMPs can also be implemented on a farm to ensure storage facilities are placed in
appropriate areas (e.g., impermeable areas, away from wells).

Watershed Habitat Restoration

Environment Canada (2004c) in its How Much Habitat is Enough? document puts forth
restoration guidelines for wetland, riparian, and forest habitat. This framework provides
“science-based information and general guidelines to assist government and non-
government restoration practitioners, planners and others involved in natural heritage
conservation and preservation by ensuring there is adequate riparian, wetland and forest
habitat to sustain minimum viable wildlife populations and help maintain selected
ecosystem functions and attributes”. Given the breadth of science used to generate this
framework, its guidelines will serve as the basis for the Lake Erie North Shore watershed
strategy. A summary of the riparian, wetland and forest habitat restoration guidelines
have been reproduced in Appendix G.

Watershed Restoration Guidelines
Environment Canada’s (2004c) guidelines for wetland, riparian and forest habitat

restoration identify targets for each habitat type in a watershed (Appendix G). The
guidelines recommend the following:



+« Wetlands: Greater than 10 percent of each major watershed in wetland habitat;
greater than 6 percent of each subwatershed in wetland habitat; or restore to
original percentage of wetlands in the watershed.

#« Forest: At least 30 percent of the watershed should be in forest cover.

« Riparian: 75 percent of stream length should be naturally vegetated.

As previously indicated, the guidelines are intended as minimum ecological
requirements and are meant to provide guidance in setting local habitat restoration and
protection targets.

The Lake Erie North Shore watershed
currently contains approximately 16
percent wetland cover and
approximately 20 percent forest cover
(NPCA 2007). Based on the above
guidelines, an additional 10 percent of
forest cover is required to create
minimum desirable habitat proportions
in the Lake Erie North Shore
watershed. Therefore, measures to
create new upland areas, as well as
protect and enhance existing forest
cover should be implemented to
ensure no net loss of forest cover. Riparian cover in the watershed is approximately 64
percent in the watershed. Based on this percentage approximately 11 percent of the
watershed requires a vegetative buffer. The guidelines represent minimum desirable
habitat proportions for riparian, wetland and upland forest habitat. Additional restoration
above the minimum target is encouraged once these targets have been met. Existing
natural heritage features and areas in the watershed should be preserved and enhanced
whenever possible to improve water quality, ecological uses and human uses of the
natural features. In addition, whenever possible projects should benefit species which
are designated federally under the Species At Risk Act or provincially under the
Endangered Species Act (EC 2004c).

Watershed Strategy

For convenience, and to make restoration recommendations more manageable and
easier to implement, the watershed planning strategy has been divided into separate
restoration plans for the following subwatersheds: Lowbanks Drain, Hoover Drain, Lake
Erie 8, Casey Drain, Lake Erie 5, Wainfleet Marsh, Lake Erie 3, Eagle Marsh Drain,
Wignell Drain, Beaver Dam Creek, Oil Mill Creek, Bearss Drain, Point Abino Drain, and
Bay Beach Area Drain.

Restoration areas have been identified using riparian, wetland and upland restoration
suitability mapping produced by the NPCA (Figures 17 to 19); Carolinian Canada’s ,Big
Picture’ corridors; Regional Niagara’'s Core Natural Heritage System mapping, in
conjunction with all natural heritage mapping layers including MNR'’s wetland mapping,
wooded areas, NPCA ELC data, ANSI's, and old growth forests.



Carolinian Canada’s ,Big Picture’ identifies existing natural cores, corridors and potential
linkages in Canada’s Carolinian life zone while Regional Niagara’'s Core Natural
Heritage System consists of core natural areas to Niagara Region and potential linkages
to areas identified as core areas. These layers and all subsequent layers were used in
the analysis and identification of potential restoration areas in the Lake Erie North Shore
Watershed.

The criteria for each restoration category (riparian, wetland and upland) were derived
from several sources including Environment Canada’s (2004c) framework for guiding
habitat rehabilitation (Appendix G).

Each type of habitat restoration (riparian, wetland, upland) has been prioritized as most
suitable, moderately suitable or least suitable. Areas suitable for riparian, wetland and
upland habitat restoration may overlap on the following watershed restoration strategy
maps due to the methodology from which they were derived. When this occurs, the most
suitable restoration project should be implemented based on field verification, available
project funding, landowner partnerships as well as the opportunity to enhance ecological
linkages.

Restoration Suitability Mapping

The criteria used to create the restoration suitability mapping were derived from several
sources (Appendix H). The criteria for each restoration category (riparian, wetland and
upland) vary and have been weighted differently based on the suitability of the land for
habitat creation. A complete list, including the rationale, methodology and reference for
each criterion used in the suitability analysis are presented in Appendix H, and the top
three criteria for each restoration category are presented below.

Riparian Habitat Restoration Suitability

The criteria used to identify riparian habitat restoration suitability include, for example,
stream bank erosion rates. This criterion is used because riparian areas identified as
having high erosion rates resulting from an upslope contributing area and slope gradient
analysis are most suitable to restoration with bioengineering. The proximity to a
watercourse or waterbody identified riparian suitability because these areas contribute to
both riparian buffers and floodplains, and restoration in these areas will improve the
hydrological, habitat and water quality functions in the watershed. Land use type is
ranked third in terms of identifying suitable areas for riparian restoration. Areas classified
as scrub, low intensity agriculture, or natural areas are much more suitable to restoration
than areas classified as industrial or urban.

Wetland Habitat Restoration Suitability

The criteria used to identify wetland habitat restoration suitability include, for example,
soil drainage because the drainage class of an underlying soil determines the amount of
water the soil can receive and store before runoff. The more poorly drained the
underlying soil, the more suitable the area is for wetland restoration. The wetness index
predicts zones of water saturation where steady-state conditions and uniform soil
properties are assumed. Similar to riparian restoration, land use type plays a role in
determining areas suitable for wetland restoration.



Upland Habitat Restoration Suitability

Upland habitat restoration suitability is also evaluated based on land use type. Wetland
buffer habitat thresholds (0-240m) are also used, which include areas within the 0-240
metre span of a wetland because they contribute to a range of habitat functions when
vegetated. Vegetation within the closest proximity to a wetland provides the greatest
benefit to that wetland; this area is known as the Critical Function Zone. The third
criterion for determining upland suitability is the proximity of an area to a significant
patch. Areas within the closest proximity to existing forest patches with the highest
Natural Heritage Score, or core size, are considered the most suitable for upland
restoration because these sites will increase interior habitat. Additional criteria and the
weighting scheme are presented in Appendix H. A series of habitat restoration suitability
maps are provided (Figures 18 - 20).
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Lowbanks Drain Restoration Strategy

Lowbanks Drain subwatershed is primarily drained by municipal drains. Chalmers
Dickout Drain and H.E. Dickout Drain are designated as Class F Drains, Furry Drain is
designated as a Class D Drain, and both Little Marsh Drain and Boulton Ditch Drain are
designated Class E Drains. None of the watercourses in this subwatershed have been
evaluated in terms of importance for fish habitat. Eight sites were assessed in this
subwatershed as part of the NPCA Geomorphic Assessment. Seven of these sites were
within municipal drains. Bank instability and relatively deep unconsolidated sediment
deposited along the channel bed was noted at a number of field sites.

BioMAP samples in this subwatershed indicate water quality is impaired. Primary causes
of impairment at the Lake Erie BioMAP stations include sediment loading, reduced
baseflow, lack of in-stream habitat and nutrient enrichment (NPCA 2010). Water quality
sampling indicates marginal water quality with exceedances of total phosphorus, E. coli
and suspended solids. This site is vulnerable to low base flow and water stagnation with
severe algae growth identified during the summer months (NPCA 2010). Soil erosion,
the use of fertilizers and pesticides coupled with the lack of sufficient riparian buffers are
likely sources of total phosphorus in this watershed. Potential sources of E. coli include
runoff from urban and agricultural land use, animal waste, and sewage discharge.
Promotion of the NPCA’'s education programs pertaining to agricultural best
management practices and water quality would be beneficial for the landowners. These
programs also include information on sources of funding for environmental projects on
private land to encourage adoption and implementation of best management practices

Land use in the subwatershed is primarily agriculture with some strip and node
residential throughout the subwatershed and along the lakeshore. Before draining into
Lake Erie, Lowbanks Drain and its tributaries flow through several agricultural fields and
natural areas including, Moulton Wetland West PSW, and Bunz Bush. Several Species
at Risk have been identified in the Lowbanks Drain subwatershed, including the
endangered kidneyshell, round pigtoe, and snuffoox mussels, and the threatened
blanding’s turtle. In addition, numerous provincially rare species have been identified by
the NPCA and the MNR.

The challenge of the Lowbanks Drain subwatershed is the establishment of a sufficient
vegetative riparian buffer which is imperative in assisting with the protection and
enhancement of water quality, as well as providing a corridor and shelter that will
facilitate in wildlife movement along the watercourse between natural areas. The
fragmented pattern of the natural areas in this subwatershed offers ample opportunity for
the establishment of corridor connections and enhancement of existing natural areas
including Moulton Wetland West, a large core area. In areas where natural areas are
narrow and irregular it is important to enhance these areas reducing the amount of forest
edge and increasing the interior resulting in an increased ability to support a larger
diversity of flora and fauna.

The Lowbanks Drain Subwatershed Restoration Strategy identifies three zones with
specific stewardship and restoration recommendations (Table 10 and Figure 21).
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Hoover Drain Restoration Strategy

Over 50 percent of the main channel of Hoover Drain is designated as municipal drain; Hoover
Creek Drain is a Class F Drain. The watercourses have not been evaluated in terms of
importance for fish habitat and the NPCA does not conduct water quality or BioMAP sampling in
this subwatershed. A geomorphic assessment was conducted at one site along the municipal
drain in this subwatershed. A lack of any depositional features along the stream bed was noted
which indicates little flow diversity within the channel (NPCA 2009b).

Land use is primarily agriculture with a strip of residential along the lakeshore. The headwaters
commence in Moulton Wetland East PSW and flow south through Bunz Bush and a wetland that
is still awaiting evaluation by the MNR. The remaining watercourses in this subwatershed flow
through agricultural fields with little to no riparian habitat. The challenge in this subwatershed is
the establishment of a sufficient riparian buffer which is imperative in maintaining, protecting and
enhancing water quality and fish habitat.

Opportunity is present for infilling gaps of natural areas thus reducing the amount of forest edge
while increasing interior size resulting in an increased ability to support a larger diversity of flora
and fauna. In addition, opportunity exists for the establishment and enhancement of linkages to
adjacent natural areas including a core area Moulton West Wetland Complex. These
connections would facilitate in the movement of flora and fauna between natural areas.

The Hoover Drain Subwatershed Restoration Strategy identifies one zone with specific
stewardship and restoration recommendations (Table 11 and Figure 22).
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Lake Erie 8 Restoration Strategy

Aside from the final stretches of watercourse before draining into Lake Erie, the watercourses in
Lake Erie 8 subwatershed are managed as municipal drains; all are Class F Drains. The
watercourses in this subwatershed have not been evaluated in terms of importance for fish habitat.
Geomorphic assessments or water quality sampling was not conducted on the watercourses in this
subwatershed.

Land use in this subwatershed is also primarily agriculture with a strip of residential along the
lakeshore. There is one golf course in this subwatershed; Long Beach Country Club. Long Beach
Conservation Area is also located in this subwatershed. This public recreational area offers
camping, and an array of beach related activities.

There is little to no riparian buffers or corridor connections between natural areas in this
subwatershed, or linkages to natural areas in adjacent subwatersheds. The challenge of the Lake
Erie 8 subwatershed is the establishment and preservation of riparian habitat when maintenance
activities are necessary on the municipal drains to facilitate in proper drainage of the agricultural
fields. In addition, many of these drains run along the roadway, therefore the establishment and
maintenance of riparian buffers is important in this subwatershed to protect, maintain, and enhance
water quality before outletting to Lake Erie. Therefore, incorporation of best management drain
maintenance practices are recommended, if not already being undertaken, such as minimizing bank
disturbance or leaving one side of the drain covered in vegetation. This would not only provide a
corridor for wildlife but would also provide benefits to water quality, provide the drain stability and
filter sediment coming from adjacent fields and roads resulting in less sediment entering the drain
and possibly lengthening the time between clean-outs. Refer to Appendix | for examples of typical
mitigation measures for drain maintenance.

The sparse and fragmented pattern of natural areas in this subwatershed does not offer many
opportunities of linkage creation aside from riparian establishment, fortifying the importance of
riparian habitat in this subwatershed. However, by integrating golf course management practices
with wildlife management, such as incorporating enhanced natural areas into the landscaping, golf
courses have the potential to offer a wide range of habitat for wildlife. In addition, encouragement of
environmentally responsible maintenance practices, if not already adopted, will be beneficial to
water quality and the aquatic habitat.

The Lake Erie 8 Subwatershed Restoration Strategy identifies two zones with specific stewardship
and restoration recommendations (Table 12 and Figure 23).
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Casey Drain Restoration Strategy

The main watercourse branches of the Casey Drain subwatershed are designated as municipal
drains. The main branch of Casey Drain is a Class C municipal drain and the West, East and North
Branches are all designated as Class F Drains. The West, East and the southern portion of the main
branch of Casey Drain are classified as important (Type 2) fish habitat. The Lake Erie shoreline in
this area has been identified as Fowler Toad habitat of which Niagara is one of only three areas in
Canada where this SAR is found. Six sites were assessed in this subwatershed as part of the NPCA
Geomorphic Assessment; all sites were within designated municipal drains. Bank instability and
relatively deep unconsolidated sediment deposited along the channel bed was noted at a number of
field sites (NPCA 2009b).

BioMAP samples in this subwatershed indicate water quality is impaired. Primary causes of
impairment at the Lake Erie BioMAP stations include sediment loading, reduced baseflow, lack of in-
stream habitat and nutrient enrichment (NPCA 2010). Water quality sampling indicates poor water
quality with exceedances of chloride, total phosphorus, E. coli, and suspended solids. This site is
vulnerable to low base flow and water stagnation with severe algae growth identified during the
summer months (NPCA 2010). Soil erosion, the use of fertilizers and pesticides coupled with the
lack of sufficient riparian buffers are likely sources of total phosphorus in this watershed. Potential
sources of E. coli include runoff from urban and agricultural land use, animal waste, and sewage
discharge. Promotion of the NPCA'’s education programs pertaining to agricultural best management
practices and water quality would be beneficial for the landowners. These programs also include
information on sources of funding for environmental projects on private land to encourage adoption
and implementation of best management practices.

Land use in the subwatershed is primarily agriculture with some strip and node residential
throughout the subwatershed and along the lakeshore. The north branch of Casey Drain flows
through Lowbanks Backshore Wetland Complex before joining the main drain. The remainder of the
watercourses flow through several agricultural fields with little to no buffer before reaching the slight
residential node along the lakeshore and draining into Lake Erie.

The clustered fragments of natural areas in this subwatershed offers plenty of opportunity for
creating ecological linkages between natural areas creating larger contiguous areas and infilling by
enhancement of existing natural areas thus increasing core size. The challenge of the Casey Drain
subwatershed is the establishment and maintenance of a sufficient vegetative riparian buffer when
maintenance activities are necessary on the municipal drains to facilitate in proper drainage of the
agricultural fields. However, a riparian buffer is imperative in assisting with the protection and
enhancement of water quality and fish habitat while providing a linkage that will facilitate in wildlife
movement along the watercourse between natural areas. Incorporation of best management drain
maintenance practices are recommended for this subwatershed, if not already being undertaken,
such as minimizing bank disturbance or leaving one side of the drain covered in vegetation. Refer to
Appendix | for examples of typical mitigation measures for drain maintenance.

The Casey Drain Subwatershed Restoration Strategy identifies two zones with specific stewardship
and restoration recommendations (Table 13 and Figure 24).
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Lake Erie 5 Restoration Strategy

The watercourses in the Lake Erie 5 subwatershed consist of two main branches. The northern
branch commences on the north side of Burnaby Wainfleet Airport PSW and flows between the
wetland and a woodlot and the Port Colborne Country Club golf course before joining a roadside
ditch that leads to Lake Erie. This roadside ditch outlets with a second roadside ditch that comes
from a strip of residential properties on the southern edge of the subwatershed. The second branch
flows from an agricultural field with little to no riparian buffer before also joining the roadside ditch.

The watercourses in this subwatershed have not been evaluated in terms of importance for fish
habitat, however the MNR has identified important spawning areas near the outlet in Lake Erie and
the Lake Erie shoreline in this area has been identified as Fowler Toad habitat of which Niagara is
one of only three areas in Canada where this SAR is found. No geomorphic assessments or water
quality sampling was conducted in Lake Erie 5.

Land use in this subwatershed is primarily agricultural with some strip and node residential areas.

The challenge of the Lake Erie 5 subwatershed is the establishment of a sufficient vegetative
riparian buffer which is imperative in assisting with the protection and enhancement of water quality
and fish habitat as well as providing a corridor that will facilitate in wildlife movement along the
watercourse between fragmented natural areas. By integrating golf course management practices
with wildlife management, such as incorporating enhanced natural areas into the landscaping, golf
courses have the potential to offer a wide range of habitat for wildlife. In addition, encouragement of
environmentally responsible maintenance practices, if not already adopted, will be beneficial to water
quality and the aquatic habitat.

The Lake Erie 5 Subwatershed Restoration Strategy identifies one zone with specific stewardship
and restoration recommendations (Table 14 and Figure 25).



|leanynoube sy} pue ‘0440 ‘OVSA ‘Y40 ‘ouEuQ uoneAdssuod “YNIN ‘O4d ‘VH4VINO ‘selousbe Buimoloy
ay) ‘0] pauwi| JouU INg ‘YIM uolelNSUOD Ul padojeAsp g p|NOYS SouBUSIUIBW UIRIp J0) Sadljoeld Juswabeue|y
1seg -uielp ay} ul Buluiewsas pue Buusius Jusawipas JO junowe ay) Buionpas AQ sjueAs sdoueusiulew USBMIB(
awl ayr uayibus| Ajenuajod ued sulelp BuizijeinieN “sallAloe @oueusjuiew paleadal ybnouyy Apsod aunb
awo0%9aq 0] |enuslod ay) sey aoueusjulew uledp ‘leugey ueuedu pue onenbe uo joedwi ue Buiaey o) uonippe uj

saoloeId
1uswabeuey 1seg uielq
pue suleiq BuizijeinieN

Sspue 9jeAlld pue 2ijgnd 10} UOI}0y Papuawiuioddy

saiiunjuoddQ jo9foad

s109(o.d ||e 10} pash aq p|noys saioads aAllBU pue ueluljoJe) =
sal0ads alel Ajjelouinoid pue ysiy 1e se1oadg lijeuaq ‘e|qissod aleym pjnoys sainsesw uoljeloisal |y =

eale Apnjs ay} Jo uoiod
UJB}SaM-UJNos 8y} Ul Seale papoom
pajuswbely Jo Juswadsueyua

Joj Ayjigenns wnipaw o} ybly =
aJnjes} JO 9zIS JoLdjul

Buisealoul Buiiul 10 sabexul|
|eo1B6ojoose Bunealo paysiayemgns
juaoelpe ojul Buipuaixa ‘eale Apnis
JO uonJod uJs)sam-ypou ul seale
|ednjeu usamiaq uoljelolsal puejdn
10y} sisixa Ajjigeuns ybiy Ason =

‘paysiajemans jusoelpe

ul sjo|poom 0} abeyul| |ealbojoos
ue Bunealo puepam podiy
199juie \\ Ageuing Juswaoueyua
Joj sjsixa Ajjiqeyns ybiy e sajeolpul
Buiddew Ajjigeyns puepom =
(sanianoe |eanynoube

By} pue spuefjam ay} usamiaq
SgnJys pue soal} Jo Jayng e 8)eald
“6-9) puepam Bunsixs 109j04d =

‘o113 aye o0} bumspino

alojaq (spjal [eanynoLibe

pue speod) asn pue| Jusoelpe
wloJ} SPeo| JUBUIWERIUOD pue
JUBWIPSS 9oNPaJ O} PAISPISUOD
9Q p|noys Jayng adueyud

pue ysi|qe}sa 0} sainseaw

‘o113 9)e ojul ulelp jey) eale
Apnis 8y} jo uoiod siy ul seyd)p
BpISPeOJ JO S9LISS B aJe dIdy} =
aJl|p|Im Joy} Janod Buipinoid

seale |elnjeu pajuawbe.y
108UUO0D [[IM JBY} SIOpLIOD

9]ealo Se ||om Se jelqey ysi pue
Ayjenb sajem aoueyus o} Joyem
By} |00D pue JUBWIPSS dINpal
oy djay m siayng ueuedu =
1enqgey ueuedu Bulysiigeise uo
paoe|d aq pjnoys Ajuoud ‘iayng
Ou 0} B[R Yum sp|aly [eanynoLibe
ybnoly} moyj} siayempeay

9y} JO youelq uIBYINOS By | =
(8s1n09 Jj0b) asn

pue| Jusde[pe wolj 8sIN09Is}em
Bunesedas Jaynq jusioiyns

B JO JUBWUYSI|ge)Sd U0 8q p|noys
SNO0} 910248V} ‘9SIN0JI8)eM

JO apIs yinos Buoje seale |einjeu
Jusoelpe wolj JAA0D SaAIe0al
Ajlensed youelq yuou ay| =

Goug aeq "}

sabeyui |eo160j023 pue puejdn

PpuUepam

ueredry

sa1bajel)g UO1JRI0)SaY PapuaWILLIOIDY

sanjiunjuoddQ uoiljelolsay

ABajel}g uonelo)say paysiajemqng G alig ayeT :y| a|qel




seale pue ‘s|jom Jajem d13sawop Jo Alisuap ybiy e yum seale ul payeso| syoaloud ‘sease aaisuas AjjeaibojoabolpAy
0} uanb si Ajoud “Ajuo s|am Jalem pasnun Jo BuluoISSIWIWOd8P 8y} Jo) d|gejieAe aJe sjuels) -uonaipsun( sy
10} 9oe|d ul welboud BuluoissiWWoo8p |[oM B sey YDdN 9yl “Jeiempunolb o] a1nol 10alip e Bulpinold Aq seoinosal
Jsyempunolb o) jealy) e asod (psjess pue padded) psauoissiwwodsp Alledoid jou ale jey) s||em psuopueqy

weibold Buluoissiwwoosaq
[I® M pauopueqy

100foud ay)
uo Buipuadap 000°Z1$ PUE 000°G$ usamiaq sded ypm josfoid B Jo S0 8} JO %G/ wnwixew e o} sjuelb sapiroid
welboud siy| ‘welbold wswoaroidw| Ajljenp Jo1ep S.Aldoyiny uoneAlasuo) ay) ul ajedioinled o] pabeinoous
pue Jo aleme apeuw 8q p|NOYs Sleumopue| ‘uonippe u| ‘pajowold AjAIsusixe aq pjnoys saonoeld Juswaebeuew
1s9q |einynoube pue |eins JO SsjyBUSQ By} 1noge sJaumopue| Buneonps je paswie welbold SyYOAN Oyl

welsboid
saoljoeld Juswabeuely
1seg |ein)nouby

‘(seonoeud aauy |ediwayd “6'8) pabeinodus aq pinoys saonoeld Ajpusiy AjjeluswuodIAug

‘uonippe u| ‘paydope usaq Apeadje jou sey welboid e yons JI $8sIn09 Job 1o} palojdxe aq p|NoYs $8SIN0Y) |05 40}
weibold Alenoueg aaneladoo) uognpny a8y} ojul uonebisaau| ‘jejgey onenbe ayy pue Ajjenb usjem oy [eiolasuaq
aq |m ‘paydope Apealje jou JI ‘saonjoeld adoueusjuiew d|qiIsuodsal AjjeluswuolIAuS Jo Juswabelnoous ‘uonippe

U] "aJl|p|im 104 Jeligey Jo abuel apim e uayjo 0} jenualod 8y} aAey $asIno9 jjob ‘Buideaspue| ay) ojul seale |einjeu
pasueyus bBunelsodioour se yons ‘quawabeuew ajpim yum saonoeld Juswabeuew asinod jjob Bunesbajul Ag

$9SJN0Y J|09) 10} S2I0eId
aoueUdlUIR|\ 9]|gisuodsay
Ajleluswiuoliaug

‘000°01$ 40 Buijied juelb e yum josfoud e Jo 31s09 8y} JO %G/ JO wnwixew e o0} sjuelb Buipiroid Aq
Auadoud s1ay) uo jelIqey puepem Buiealo pue Buieyjiqeyad ‘Bunjosiold ‘Bulioysal Ul pajsalaiul aie Jey} SIsUMopue|
1sisse 0} swie weibold juswanroidw] Ajjenp Jojepn s ¥VOdN Ybnodyy welboid 3| YHUOAA @18 SPUBjidap) Syl “Joyem
ssooxoa Buliqiosge pue sabuods juelb ay Bunoe Aq Buipooj} aonpal 0) Buidjay pue swaisAs uonen|y |einjeu se
Buioe ‘mojy mo| Bunuswbne Aq paysiajem e ul suolouny [ealBfojoos pue Ajjenb Jajem juenodwi apiroid spuepapn

weliboid
3l YHOAA 81 Spuefjopn

'000°01$ pue 000‘Z$ usamiaq sdeo yum 109foud e jo

1S00 8y} JO 9%,G/ 10 wnwixew e 0} sjuelb sapirnoid weibold siy] ‘weiboid Juswanroidw| Ayjenp Jayepn s.Aoyiny
uoneAlasuo? ay} ul ayedionied o) pabeinoous pue Jo aleme apew aq p|Noys siaumopue| ‘uoiippe uj ‘pajowo.d
Al9AISUB)IX® 89 p|nOYS S8sIN02Jd)em Buoje sauoz Jayng Jo S)duaq ay} Inoge sisumopue| buiyeonps je pawie
wesbolud s,yDdN 9yl o810 ay) jo abpa ayj 0y sdoud ued 10 painoiuew saiadoud s1ay) desy sisumopue| Auely

weJsboid
uoneosnp3 Jayng ueuedry

‘sa10ads Jo abuel apim e 1o} AliIsiaAlp [e2160]008 pue jejqey apinoid se [jam se
seale |elnjeu UsaM}ag eune} pue eJoj} JO JUBWSAOW ddueyua O} [elualjod ay} 8AeY Seale Yong ‘sainjesy [einjeu
snonbiuos Jabie| Buead seale jeinjeu usamiaq sabeyul [eaibojoos Buneald oy juasaud si jenusiod Ayunuoddo

sealy |eJnieN uaamiaq
sabeyui [eo0160j00]

‘AJigndaosns aisuliul mojieys ybiy e yym seale
Ul SPEOJ puUB SpPEeOJ UleW 0} pajdallp aq pinoys uoisuedxs welboid jo snoo4 *(sduys Jaynq -6-8) syjouaq |eo160j029
snoJawnu Buipiroid )IyMm |0JJUOD UOISOIS puB paam BpISPeOJ J0) SAllBUIS)E Juswabeuew punos A|lejusWwuolIAU
‘9A08Y8-1S00 B aonpold 0} sanbiuyos) juswabeuew ojendoidde yum uoneyobon aAijeu Jo asn ay) sajelbajul
NAY| "welbold INAYI S.uoibay esebelN puedxs 0} Jaylabol ylom pjnoys sanijedioiunw pue uolbay elebelN

weiboid (NAYI)
wswabeuel) uoneyebop
apispeoy pajelbalu|

"Bale a8y} Ul WsLINo} asealoul
0] |enusajod ay) eAey sayoeaq bBe|4 anig "Ajjeqolb umouy s pue (eo'Bejan|g) saoinles pue Alojes pue uonesnpa
|ejuswuoliAuS ‘Juswabeuew |eluswuoliaue ‘Aljenb Jejem 0} joadsal yum spiepuels ybiy syesw sniels bHe
an|g ‘snieis yoeag bBe|4 an|g spJemo} JIom pue sanssi Aljenb uajem ayebiiw 0y saiousbe Bulisuped yym YIOAA

seyoeag Be|4 an|g

‘sainseaw uonoelold suljeloys pue sesseoold |einjeu usam)aq adoue|eq
e puly 0} palojsal Jo Ajjeinjeu paulejulew usaq aAeY Jey) asuljdioys syowoid 0} siepjoysyels Buusuiied yim MIopAA

diyspiemalg
auI|8JoyS poos) ajowold

‘| Xxipuaddy 0} Jajal ‘sainseaw uonebiiw JiAg JuaLind Jo sajdwexa MalAal 0] "sulelp
10} sao10eld Juswabeuely 1sag Y)M SoUBPIOIOR Ul SUOP 8F PINOYS 9SIN02I9JEM SIU} JO 8ouBUdUIRW ainjny Auy
"ureJp ayj 0} Buluinjal wouy Juswipas usAald 0) pue swalsAs onenbe 0} sjoedwi [Bo160j028 8onpal 0} AluNwWwoo




8gq p|noys uoneuiweluod jo sjuilod jenusiod jo weassumop pue weadisdn spoypw Buidwes paoueyu]

Ajlenp Jayepn ol1oeds e)s

‘papasu
sI ue|d Juswabeuew jueUIWEIUOD B JOU JO Jaylaym pue jelgey onenbe pue Ajjenb Jsjem aoepns uo aaey Aew
sjueulweuoD |enuslod asay) sjoale o|qissod syl ojul uonebisaAul Jayun) Se ||oM SB PapuaLIWOdal S| SUOIBIO|
pue s$82In0s jueulweuod jenuajod wuyuod 0} Alojuaaul pajepdn uy (G00Z) ApniS J81eMpunols) SYODdN 8y 4o}
saAj0a(qo ay) Jo 1ed se palnuspl sem Ajjenb Jsjem 0] sjealy) pue s82in0s JueulWERU0D |enusiod Jo AlojusAul uy

uonnjjod
90IN0S JUI0d JO $92IN0S
JUBUIWEUOD [enus)Od

‘ue|d uoas8joid 82inos pasodoud pue (G00z) ApniS 4e3empunols) syDdN du} jo ued
se seale a|gideosns ul seoinosal Jajempunolb Jo uonosjodd ay1 Yum 101)JUOD JoU Op S8sSN pue| ainin pue Jualind
1By} ainsus 0} paysJialem Siy} Ul pajonpuod aq pPINoys salpnis [eUOIPPY "@21n0sal Jajempunolb ay} ‘ybnouy; pue
‘01 Jojem Jo moyj) 8y} Bunosye siojoey [eoisAyd ayy Ajuo siepisuod Jayempunolb Jo Ayjigndaosns oisuliul 8yl (g9l
9 B9 ainbi4) Aljigndsosns oisuliul mojjeys ybiy yum seale |eleass paliuapl sey (S00z) Apnis Jepempunols) syl

salpn)s Ayjiqndeosng
JISUIIU| J8}eMPUNOIS)

‘suolsioap bBuluueld asn pue| pue Juswabeuew
9oInosal Jadoisd Joj pasn aq ued uonewJOul SIYy} 0S pale|dwod 8q JUBWSSSSSE SIY} Jey)] papuswwlodsl
sl }| "1elgey ysi Joj aouepodwl JOo SWIS} Ul pajenjeAd usaq JoU SABY paysiajemgns SIy} Ul S8SInoolayem ay |

uoneolIsse| jeliqeH ysi4

"Juawdojanap Aoljod pue suoisioap Buluueld ul asn 1oy pue suonesidde o} piebas ul suoIsIoap pawlojul
ayew o] uonewdojul jewndo spiroid pjnom suonezusloeleys olbojoabolpAy ajeas paysialemgns Jo Juswdojersg

uonezusioeley)
o160j08601pAH
paysiolemgng

‘'salnjes)
[eanjeu Buipunolins 8y} 0} speod [edidiunw |00 Uo suoleoljdde }jes peol jo Joedwi ay) sulwlia}ep 0} sanedidiunw
[eo0| oAnoadsal ay) Ag pejejdwod aq Apnis Jejlwis B Jey) popuswwiodal S| ) alojelay) ‘speod [edipiunw
[BOO] UO P3JONPUOD JoU Sem Apnis siy} Joaamoy ‘speod |euolBal woly Jjes peod o} Aljiqessuina ybiy Ajgrelspow
e Buiney se payues usaq sey eale Apnis SNIT amue oyl (5002) ApniS Aujqessuinp jes S.NINY ubnoayl

Apnig oedw| jeg peoy

(L00Z HYWIN) }Insal e se anuaAal d)elausb
Aew pue ‘Ayjedioiunw e ul panss| sywlad Jo Jaquinu ay) 10a4e [Im ylog ‘Aemispun si welboid e jey) aleme ale
Aay) JI uonoe ayeuspun AjpAioe-oid osje Aew siaumQ “swaisAs oiidas mau Jo uone|eisul ayy Buipnjoul ‘sisumo
Apadoud swos jo ued ayy uo uonoe |eipawal alinbai osje |m swalsAs ondes pajoadsul Jo abejusdlad e jey)
abpajmouy [10Unod yim pajeljioe) aq Aew yoeoludde siy| ‘weiboid ay) puny 0} anuanal [elauab Jo saxe) Auadouid
wloJ} spuny JO uoiedo|e ay} asiopua pue aaoidde pinoo sjiounod [edioiunpy “welboid e yons 4oy Ayuoud paiapisuod
ag pinoys Ayjigndaosns oisuuiul ybiy B oAy ey} aioysaye| oy} Buoje sease ‘aiojaiey] ‘eale Apnis ay} Joj
sjuaAe o1ignd je sjuedioiued Aq uiaoUOD e Se palluapl ussaq aAeYy swalsAs ondes paulejuiew Apadoidwi Jo Ayne4

weibold uonoadsu|
-9y walsAg ondeg

"POUOISSILIWIOdSP 8. SWa)SAS pauopueqe jey) ainsus 0} pue ‘Ajjadousd Bujuonouny ale swalsAs
ondas ajeaud 1ey) ainsus 0} pajuswsaldwi pue padojaasp aq pjnoys welboid Buipuny pue uoiieonpa walsAs ondas
Vv ‘Aljenb Jajem 0] jeaiy) umouy e ale swalsAs ondas pauopuege pue swalsAs ondas Buiuonouny Apadoidw)

welbolid Buipun pue
uoneonp3 waisAg ondag

‘(sesn pue| buneiedas 1o 8sinodJalem 0} Juadelpe
‘6°9) uoneoo| Jisy) uo Buipuadep suysuaq pue suonouny Jo sbuel apim e apiroid siayng ‘Ausdold uo siayng
uoljBAIBSUOD pue ueledl 8A308YS JO 8doUBUBUIBW pUE Judwysl|ge)sa ay) Jo) saxe} Auadoud uo uondwaxa |eiled

weibold aAnusoU|
Xe| Jayng ueledry

Apnjs 18yjun4 10} suoilEpUAWIWIOIDY

selpnjg [eroads

'VOdN 8y} 0} pspiwqgns aJe
SpJ0oal BulUOISSIWIWIODSP ||oM Jalem pue ‘sadloAul ‘sidieoal ||e Jaye 1s09 josloid |B10) 8y} JO %06 Jo) pasinquial
aq ||IIM pue ‘I0}0BJjU0D 8y} O} }S0D [N} ay} Aed [Im Jaumopue| a8y} eyl suesw yoiym ‘welboisd juswasinguial
e s| siyl ‘(Apedosd itod sjom g jo pwi) ||om Jad 000‘Z$ JO wnwixew e 0} S}S0O BuluoisSILwodap ||om
10 %06 Jon02 |Im spuelb panoiddy (2002 YOdN) Buiobuo ale 1o paygidwod usaq aney sue|d paysialem alaym




"uoljelIo}sel Jo/pue uopeipawal 10y seale Ayioud Ayjuepi djgy 0} pesepisuod | Buidweg |




9l

ealy Apnys ABajesys :o_uﬂoammm_ _om.._w._ﬁmso_:m G alg wv_m._ :gZ 2Inbi4

NOLLYANISNOD

YINEMINGS Y YOS

> wu.n.ﬂ..r

S :2:;
.C.‘e\E&MiﬂeNEu:m‘

ru\lu\'lll

43 Janfincgy

‘ o. \
NI

ABajens uonelolsey
paysiaiemgns ¢ aLig a)eT]

NV1d AGHSHILVM FHOHS HLHON 3143 IMVT



Wainfleet Marsh Restoration Strategy

The main watercourses in the Wainfleet Marsh subwatershed flow through woodlots and wetlands
almost in their entirety before outletting to Lake Erie. The watercourses in this subwatershed have
not been evaluated in terms of importance for fish habitat however the MNR has identified an
important spawning area at the outlet in Lake Erie. In addition, the Lake Erie shoreline in this area
has been identified as Fowler Toad habitat of which Niagara is one of only three areas in Canada
where this SAR is found. The spotted turtle, a species of special concern, has also been identified in
this subwatershed.

No water quality sampling was conducted in this subwatershed. A geomorphic assessment was
conducted at one site in this subwatershed. Bank instability was noted in the form of fallen
vegetation and exposed roots along the watercourse. Channel widening seems to be the dominant
process occurring due to the presence of leaning trees on either side of the channel, as well as trees
and shrubs within the watercourse. Debris jams were also identified along this field site (NPCA
2009Db).

Opportunity in this subwatershed exists for infilling of natural areas and creation of corridor
connections to adjacent natural areas creating a larger contiguous natural heritage block that would
support a larger diversity of flora and fauna. The challenge in this subwatershed would be
establishment of a sufficient riparian buffer along the final trunk of the watercourse before it outlets
into Lake Erie.

The Wainfleet Marsh Subwatershed Restoration Strategy identifies one zone with specific
stewardship and restoration recommendations (Table 15 and Figure 26).
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Lake Erie 3 Restoration Strategy

Two main watercourses drain the Lake Erie 3 subwatershed. One branch flows east to west from
Wainfleet/Eagle Marsh Drain Wetland Complex which straddles the subwatershed boundaries of
Lake Erie 3 and Eagle Marsh Drain. This branch has been classified as important fish habitat by the
MNR fish classification system. The upper segment of this branch is also designated as Class F
municipal drain; Bessey Branch Drain. The final segment of this watercourse flows from the
abandoned quarry to Lake Erie. The MNR has identified an important spawning area at the outlet in
Lake Erie. In addition, the Lake Erie shoreline in this area has been identified as Fowler's Toad
habitat of which Niagara is one of only three areas in Canada where this SAR is found.

As indicated earlier, a new license has been approved in this subwatershed under the Aggregate
Resources Act. In 2008, the Ontario Municipal Board (OMB) outlined a list of conditions for the Reeb
Quarry which includes for example, an Adaptive Management Plan, ongoing water level monitoring
of the Wainfleet Wetlands, Cement Plant Road Quarries and the Quarry Lakes, and monitoring plans
for quantity and quality of water (C.C.Tatham & Associates Ltd. 2008). It is recommended that once
these monitoring plans are complete, they be reviewed by the Implementation Committee and
incorporated into any restoration measures in the subwatershed.

A geomorphic assessment was conducted at one site in this subwatershed. It was noted that the
section of the watercourse had been channelized and lacked any depositional features along the
stream bed which indicates little flow diversity within the channel. In addition, bank instability was
present in the form of bare soil extending up the bank and bank slumping was present.

Water quality sampling is conducted at one site in this subwatershed; in the Wainfleet Wetlands
Conservation Area. This site received a water quality index rating of Good which is the highest rating
received in the study area. Water quality is improved at this station by an inflow of groundwater and
Lake Erie (NPCA 2010).

Land use in the study area is a mix of residential and natural areas. The Wainfleet Wetlands
Conservation Area makes up a large portion of this subwatershed. This conservation area primarily
consists of abandoned quarries and provincially significant wetlands. Numerous Species at Risk
have been noted in this subwatershed including for example the endangered king rail, threatened
fowler’s toad, common hop tree and eastern hog-nosed snake, as well as the eastern milksnake; a
species of special concern. In addition, several provincially rare species have been identified in this
subwatershed by the MNR and NPCA.

The challenge of the Lake Erie 3 subwatershed is the establishment and maintenance of a sufficient
riparian buffer along the watercourses downstream of the wetland complexes, primarily along
important fish habitat. The establishment and maintenance of riparian buffers is important to protect
and enhance the integrity of the water quality and fish habitat before outletting to Lake Erie.
Therefore, incorporation of best management drain maintenance practices are recommended, if not
already being undertaken, in areas managed as municipal drain such as minimizing bank
disturbance or leaving one side of the drain covered in vegetation. Refer to Appendix | for examples
of typical mitigation measures for drain maintenance.

The Lake Erie 3 Subwatershed Restoration Strategy identifies one zone with specific stewardship
and restoration recommendations (Table 16 and Figure 27).
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Eagle Marsh Drain Restoration Strategy

The watercourses in this subwatershed are in part managed as municipal drains; Eagle Marsh Drain
and Bessey Branch Drain. The northern portion of Eagle Marsh Drain is designated as Class F
Drain, while the southern portion is Class E. Bessey Branch Drain is a Class F Drain. A control
structure is located at the outlet of Eagle Marsh and is an integral component of the municipal drain
as it serves as flood protection for inland properties. A concrete armour wall is located at this site as
the energy upstream, at and downstream of the structure are significant. The engineering design for
the replacement of this wall will be undertaken sometime during 2010 (Bennemeer 2010).

The main branch of Eagle Marsh Drain and Bessey Branch Drain are both classified as important
fish habitat and the eastern tributary within the Wainfleet Marsh Conservation Area is classified as
critical fish habitat. In addition, the MNR has identified Gravelly Bay as an important spawning area.
The remainder of the watercourses in this subwatershed have not been evaluated in terms of
importance for fish habitat.

Geomorphic assessments were conducted at 5 sites in this subwatershed; 4 of the sites are within
Eagle Marsh municipal drain and one along Bessey Branch Drain. Some bank instability was noted
and relatively deep unconsolidated sediment deposited along the stream bed was identified.
Excessive sediment deposition can cause problems in the watercourse, such as lateral channel
adjustments, increased turbidity, filling in of pools, and impacting fish habitat (NPCA 2009b).

Water quality sampling indicates a water quality index rating of Marginal for Eagle Marsh Drain and a
BioMAP rating of Impaired. Factors affecting these ratings include exceedances of chloride, E. coli.,
total phosphorus, and suspended solids. This site is influenced by groundwater discharge from the
upstream bedrock quarry (NPCA 2010). As indicated earlier, a new license has been approved in
this subwatershed under the Aggregate Resources Act. In 2008, the Ontario Municipal Board (OMB)
outlined a list of conditions for the Reeb Quarry which includes for example, an Adaptive
Management Plan, ongoing water level monitoring of the Wainfleet Wetlands, Cement Plant Road
Quarries and the Quarry Lakes, and monitoring plans for quantity and quality of water (C.C.Tatham
& Associates Ltd. 2008). It is recommended that once these monitoring plans are complete, they be
reviewed by the Implementation Committee and incorporated into any restoration measures in the
subwatershed.

In terms of land use in the subwatershed, the eastern half is primarily residential (City of Port
Colborne) and the western portion is a mix of natural areas and agriculture. Several significant
features are present in this subwatershed, including Bertie Formation (Ill) and Onondaga Formation
Regional Earth Science ANSI’'s, Sugar Loaf Hill Old Growth Forest, Cement Plant Road Quarry
PSW, and the remainder of Wainfleet/Eagle Marsh Drain Wetland Complex PSW. Several Species
at Risk have been identified in this subwatershed by the MNR, including the federally endangered
spotted turtle, least bittern, and the northern map turtle, which is a species of special concern. In
addition, the Lake Erie shoreline in this area has been identified as Fowler’'s toad habitat, a federally
and provincially threatened species, of which Niagara is one of only three areas in Canada where
this SAR is found.

The challenge of the Eagle Marsh Drain subwatershed is the establishment and preservation of
riparian habitat when maintenance activities are necessary on the municipal drains to facilitate in
proper drainage of the agricultural fields. However, a sufficient vegetative riparian buffer is
imperative in assisting with the protection and enhancement of water quality while providing a
corridor and shelter that will facilitate in wildlife movement along the watercourse between natural
areas. Therefore, incorporation of best management drain maintenance practices are recommended,
if not already being undertaken, such as minimizing bank disturbance or leaving one side of the drain



covered in vegetation. This would not only provide a corridor for wildlife but would also provide
benefits to water quality, provide the drain stability and filter sediment coming from adjacent fields
and roads resulting in less sediment entering the drain and possibly lengthening the time between
clean-outs. The fragmented pattern of the natural areas in the upper portion of the subwatershed
offers ample of opportunity for creation of ecological linkages. In the southern portion of the
subwatershed opportunity exists for infilling and connection of adjacent natural areas to create one
large contiguous natural area that would support a larger diversity of flora and fauna. The Eagle
Marsh Drain Subwatershed Restoration Strategy identifies two zones with specific stewardship and
restoration recommendations (Table 17 and Figure 28).
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Wignell Drain Restoration Strategy

The watercourses in the Wignell Drain subwatershed are primarily managed as municipal drains;
Wignell Drain and Michener Drain. Michener Drain and the upper branches of Wignell Drain are
Class F Drains and Wignell Drain is a Class B Drain and all are designated as important fish habitat.
The MNR has also identified the Nickel Beach area as critical fish habitat. Water quality sampling
results indicate a water quality index rating of Poor with exceedances of chloride, E.coli., total
phosphorus, and suspended solids (NPCA 2010). Promotion of the NPCA'’s education programs
pertaining to agricultural best management practices and water quality would be beneficial for the
landowners. These programs also include information on sources of funding for environmental
projects on private land to encourage adoption and implementation of best management practices.

Thirteen geomorphic assessments were conducted along Wignell Drain and Michener Drain. Bank
instability and relatively deep unconsolidated sediment deposition was noted along the channel bed
throughout the watercourse. The possibility of rills/gullies present at approximately half of the field
sites visited indicates the potential for additional sediment entering the watercourse. Excessive
sediment deposition can cause problems in the watercourse, such as lateral channel adjustments,
increased turbidity, filling in of pools, and impacting fish habitat (NPCA 2009b).

Land use in the subwatershed is primarily agriculture with rural residential throughout the study area.
Nickel Beach, a public beach is located along the shoreline in this area. There is one golf course in
this portion of the study area; Whiskey Run Golf Club. By integrating golf course management
practices with wildlife management, such as incorporating enhanced natural areas into the
landscaping, golf courses have the potential to offer a wide range of habitat for wildlife. In addition,
encouragement of environmentally responsible maintenance practices, if not already adopted, will be
beneficial to water quality and the aquatic habitat.

In terms of natural heritage features, Port Colborne Quarry provincial earth science ANSI, a portion
of Nickel Beach Marsh PSW, and numerous small woodlots areas scattered throughout the
watershed. Several Species at Risk have been identified in the study area including the endangered
butternut tree and the threatened common hop tree and fowler’s toad. The Lake Erie shoreline in this
area has been identified as fowler’'s toad habitat, a federally and provincially threatened species, of
which Niagara is one of only three areas in Canada where this SAR is found.

The challenge of the Wignell Drain subwatershed is the establishment and preservation of riparian
habitat when maintenance activities are necessary on the municipal drains to facilitate in proper
drainage of the agricultural fields. Incorporation of best management drain maintenance practices
are recommended, if not already being undertaken, such as minimizing bank disturbance or leaving
one side of the drain covered in vegetation. This would not only provide a corridor for wildlife but
would also provide stability to the drain and filter sediment coming from adjacent fields resulting in
less sediment entering the drain and possibly lengthening the time between clean-outs. A “new
Engineer's Report is scheduled to be completed to address a number of issues such as water quality
and the potential constriction at the control structure” (Bennemeer 2010). This would be an ideal time
to work with the Drainage Superintendant to help address the aforementioned issues while finding
an ecological balance between form and function of the municipal drain.

The fragmented pattern of the natural areas in this subwatershed provide for an abundance of
opportunity for creating ecological linkages between existing natural areas throughout the
subwatershed and extending into adjacent subwatersheds. As previously mentioned, the
establishment of riparian habitat would also provide important links for wildlife to move between
these scattered natural areas. In addition, ample of opportunity exists for filling in gaps in and
between natural heritage features increasing the natural areas interior and creating larger contiguous



natural heritage blocks with adjacent natural areas. Larger areas have an increased ability to support
a larger diversity of flora and fauna.

High restoration suitability is present surrounding Nickel Beach Marsh PSW and Wignell Drain
Wetland Complex LSW. Enhancement around these significant features will provide for a variety of
habitat for wetland-associated fauna that may extend beyond the wetland boundary, such as nesting
sites for turtles and birds.

The Wignell Drain Subwatershed Restoration Strategy identifies two zones with specific stewardship
and restoration recommendations (Table 18 and Figure 29).



uoneald abeyul| Joj Aylunuoddo
eune] pue e.oj Jo AlisiaAIp

Jabue| e poddns 0] Aljige s,eale ay)
9SBaIOUl PINOM UoIym eale |einjeu
snonBiuod Jebie| e Bunealo pue azis
Jousyul Buisealoul ‘euoz uoljoun
[eonuo e buipinoid ysiep yoeag
[©)OIN JO JusWwaduBYUS pue seale
papoom Bunsixe Jo Juswaoueyua

uo 8 p|NOYs snooj aiojaiay]

eale Apnis ay) Jo uoluod siyy ul
Aujigenns pueidn ybiy o) sjelepowl =

(uorsinipgns

pue saljiAloe [einynolbe

aU} pue Spuejjam ay} usamiaq
SQNJIYS pue soal} Jo Jayng e a)1eald
“B6-9) spuepam Bunsixs 109104d =
eunej pue

Bl0|} JO AJIsiaAIp Jabue| e poddns
01 Ajljige ,seale abelliay |einjeu
By} asealoul [|IM YdIym Xo0|[q
[einjeu Jabie| e Bunealo Ap\Sd
ysJe|\ yoeag [9)2IN punole pue

ur sdeb ui Buijy Joy Ayjiqeyns ybly =

19}Jng @oUBYUS pue ysi|qe)sd
0} sainseaw 810j818y) Aempeo.
ay} Buoje smoj) youelq jsem =
uenedu

Buisixa ou 0} 91| Yim seale ul
slayng ueuedu Jo Juswysi|qelsa
uo 8q p|NoYs SN0} 81089}
‘yeyqey ueredu ou o} S|

YUM SBSIN0DJIB}EM JO SUOIIO8S
obJe| ale alay} Jonamoy ‘seale
[eanjeu jusoelpe wolj JOA0D
|ended oA1908. S9SIN00IS)EM =

192.)S Weying Jo ynos 'z

eunej pue eloj} Jo Alsianip Jablie| e
woddns 03 Ayljige s,eale ay) asealoul
pINOM YdIym eaJe |elnjeu snonbijuoo

Jabue| e Bunealo pue azis

Jouayul Buisealoul ‘euoz uopoun4

[eanu) e buipiroid xajdwo)
puBeaAA ulelq [[UbIp) punose
Juswadueyua Joy Ajjigenns ybiy =
spays.ajemgns juadelpe

pue seale pajuswbely usamiaq
sabeyul| [eoibojooa Bunealo

pue seale Juadelpe usam}aq
sdeb ui Buijy ‘seale abejlay
|ednjeu 2109 Buisealoul uo aq
pInoys snooj ‘seale abejuay |einjeu
Bunsixa 0} Juaoelpe uoljeloisal
pue|dn o} Ayjigeins ybiy Alon =

(senianoe

[ean}noube ay} pue spuepam

8y} usamiag sqnJys pue saal}

10 Ja}nq e ajeald “6'8) spuepam
Bunsixe aoueyus pue 109j0id =
paysJajemgns

jusoelpe ul suojsIoquinNy JSOM
0} JoplJ09 e Buipinoid pue puepem
snonbnuos Jable| e Buneald
sdeb ui Buly Aq saxe|dwod
Bujuyl Ajlenualod xsidwo)
puepap ureiq [[ubip Buipunouins
uoleald pue jJuswadueyua
puejiam Joj ybiy osie Ayjigenns =
seale |elnjeu

pauswbel) usamiaq sabeul|
juenodwi Buipinoid sasinooleiem
Buoje puepam-uernedu

Jo} A)IjIge}INS UoIjBIO}Sal pUB[laM
ybiy Ao sereoipul buiddew
AJIjIge}INS uoneIo)Sal puejam =

(suonepuawuwodal aonoeld
dINg ebeuielp pue Lodal
sJoauIbus 0} Jajal) SaljIAloe
aoueUdlUIBW BIN}N} JOPISUOD
pinoys(sgnuys % sasselb

pajoous deap “6-8) sIoplI0d
uelledu Jo Juawysi|qelsa
210818y} sulelp [edioiunw

se pabeuew ale S8SIN0JJIo1EM =
aJl|p|im Joy Janod Buipinoid seale
|eidnjeu pajuawbe.y }08UU0D

lI!m Jeyy sebexyul| Juepoduwl
Bunesald 10} paysiajemgns ay}
Jo uonJod siyy ul [eap! s jejqey
uenedu Jo Juawysl|geise ay} =
‘Jeliqey

ysij pue Ayjenb ueyem soueyus
0] J8)em 8y} 00D pue ‘sasn pue|
juaoelpe wolj speoj JUeUILLBIUOD
pue Juswipas aonpal

0} djay [m slayng ueuedu =
J9jnq ou o} S|l

yym spuej jednjnoube ybnouy
unJ siajempeay auyj jeliqey
Jayng uenedu Bulysijgelsa

uo paoe|d aq pjnoys Ajuoud =

uoliBai sisjempesy
199.)S Weyng Jo YLoN '}

sabeyui [ea1bojoog pue puejdn

puepam

uenedry

sa169je1)S UOIJRI0)SOY POapUSWILIOIY

saniunjoddQ uonjeloysay

ABajens uolnjelo)say paysiajemqng uieaq [ISUBIp gL @1qeL




‘Juspusjulledng abeulelq ay) Ylm pessnosip
g p|NOYS suoljepuswwooal ||y ‘uonezijigels 8lenbepe ainsus 0] yueq Us| syl Buoje pajeisul 8q pnoys
sainseaw uonosjoid yueq Jadoid -asinodssiem oy} Jnoybnolyy sdely Juswipas Jo asn ay) Aq suop aq ued paq
|jouueyo ay) Buoje Juswipas jo uonenwnooe ay) Buuonuoly -sanssi Ayjenb Jajem Aue suiwlieiep 0} paysiaiem
sIy1 ul payejdwod ag 01 anunuod pjnoys bunsse) Aljenb Jsiepn |[10S 8y azijige)s pue syueq ay) buoje paysijgeisa
awo02%9q ued uolnelaban pajoos desp jey) os ssadoud Buibpalp ay) Buunp desls 00] syueq |puueyd ayy buipeib
10U 8pN[oul 8IS SIY} JO} SUOIBPUBWIWOSdY ‘[dUUBYD 8y} Ul pauleluod s Mojy ay} uiyim ABleus ay ‘alojelay )
‘ule|dpool} 8y} 0} SS800B OU 0} pajwill Buirey siejem pooj) Ul S}NSal YoIYym juswydousljue ojelapowl sey
91IS p[all SIYl 1B 8SIN0oJsleM ay] 1BY] 81edIpul PjNOM SUOID8S SSOJO [suuBYD B UdYe)] sluswalnses|y ‘a1ebpooj)
ay) Jeau weansdn jussaid sI uonisodep JUSWIPSS SWOS ‘|]SUUBYD SYl 10LISUOD PINOM UYDIYM UONE20| SIY)
1e 1uasald 81ebpooy) e sl 18y "800Z Ul USIA 8lis e BuliNp pallijuspl 81om 8oBLINS J8)eM 8Y) U0 Udays AJlo ue pue
paam)ong ‘sieumopue| Agq pelusws|dwi ussq aAeY sainseall uonoslold uolsols swos jey) Buneoipul yueq U9
ay) Buoje psalnuspl aiem sge|s a1aiouo) “Buimolb wod) uonelsbaa Bunusasid [puueys ay) Jano Adoued saa) ay)
0} anp aq Aew |I0S aJeq 8y "SYUBQ }1N2JBpuUNn Se ||oM Se ‘Yueq ay) dn Buipuaixa |10s aleq Jo wlo} 8y} ul Juasaid
sI Aljige)sul yueg ‘8sInooJaiem oy} Ulyim juasald sieq jJuswipas ale aloy} pue pazijsuueyd usaqg sey }| ‘ulelqg
[IoUBIAA ‘Uledp [edidlunw e se pabeuew sI 8sinoolalem Jo uonoss siy] :(eNAM) 1sed peoy aioysaye] |

(96002
VOdN) ApniS uswssassy
olydiowoss) aioys

YUON 3 a%e7 YOdN

spue 9jeAlld pue 2ijgnd 10} UOI}0y Papuawiuioddy]

sapiunyoddQ 303foid

s109(o.d ||e 10} pash 8q p|noys sal0ads aAljeu pue ueluljole) =
sal0ads alel Ajeiouinoid pue ysiy 1e saloadg 1euaq ‘e|qissod aleym pjnoys sainsesw uoleloisal |y =

(suonepuawwodal d\g
abeulelp pue uodai sioaulbusa
0} J8jal) SaljIAI}0e SouRUSIUIBW

a.in}n} JBPISUOD P|NOYS SIOPLIIOD
ueledu Jo Juswysi|igelsa
alojalay} sulelp |edioiunw

se pabeuew ale sosIN0JId)EM =
paulejuiew

aq p|noys ueuedu bunisixo =
(84nynoube pue

8s4n09 J|ob) asn pue| Jusoelpe
wioJ} SPeO| JUBUIWEIUOD pue
JuswIpas aonpal 0} pajuswaldwi
9q p|Noys Jayng adueyus pue
ysl|ge}sa 0} sainseaw a10j21ay}
duys Jayng ou o} S YIm
8sIn09 Jjob pue spjal} [einynolbe
ybnoly} smoj youelq jses =

(paysisremgns juaselpe (84nynoube
ojul Bulpua)xa peoy aloysaye pue peod) asnh pue| jJuadelpe wolj
Buoje paysiayemgns yynos “*6°9) SPEeO| JUBUIWEJUOD pUB JUBWIPaS

seale |einjeu pajuswbel) usamiaq 2onpal 0} pejuswa|dwi 8q p|noys




0s ssao04d Buibpaip ay) buunp dasis 001 syueq |suueyd ay} buipelb Jou apnjoul d)IS SIY} O} SUOIIEPUSLILIOIDY
"alls Apnis siy) 18 paq weas ay) Buoje palsodep sI juswipas pajepljosuooun desp AjpAneiey sjusuwinge
abpliq ay) se ||lom se ‘uonejeban Apoom punode Jussald si UoIsolg “|auueyd 8y} Jo slied Jayio ay] Uey) Jamolleu
[@UUBYD 8Y) 8)ew sjuswinge ay) pue jussaid aie sjuswinge abplg p|O ‘osinodisiem ay) Buoje isixs sj|L/saljnb
Algissod lJo/pue seueinqul jlews ‘1noybnoly) Jussaid si Jejem jueubels 1ng paquesd)s ay) Buoje jussald alem
sjood ou 0] ma4 ‘[auuByD 8Y) JoA0 JaA0d Adoued Jo junowe ay) joedwl seale awos ul uoneyeban Apoom abie
JO )OB| 8y} pue [UUBYD By} JO UIPIA\ "Yoeal SIy} JO Uoi0as wealdisdn 8y} Ul pajou os|e sem Jajem pigin] ‘8002
Ul JISIA 8)Is e Buunp pajou aiam uoljelaban [auueyd-Ul 9SUSP JO Seale pue ‘paamyonp ‘eeb|y ‘|auueyd ay} Uulyim
AJISIBAIp MOJ) 9|13l ©1BJIpUI YoIym paq wealis ay) Buoje sainjes) |euonisodep Aue syoe| pue pazijduueyo usaq
sey ]| ‘ulelq |IBUBIpA ‘ulelp jedioiunw e se pabeuew S| 8sinodlalem Jo uoioas siyl (qQINAM) peoy Japius ‘¢

‘Juspusiuadng abeulelq 8y Yum passnasip 8g pjnoys suoilepuawiwiodal ||y ‘1eligey asealoul
0] alnjonJ)s palssuibus-olq 10S B Ylm padejdal 8g UBD ||em X00|g 8)8J0U0d 8] JoU JO Jaylaym uo pajsjdwod
8Q Pp|NOYS JUBWISSSSSE Uy "palapIisuod aq O0S|e pjnoys ainleAlnd |auueyd Buisessoul pue ‘uswdojarsp
uieidpooy) ‘uoneslo puepem se yons ‘ubisep ebeulelp |euonipes; o) seAneusdlly (9661 ‘VHAVINO pue
‘8661 ‘VH4VINO) seonoeid Buiddolo pue sben Jedoid pue ‘sioino abeuielp 8| ‘sAem|jids 81nyo ‘sAemisiem
pesselb spnpul ssjdwexs swog ‘palusws|dwil 8q p|noys asinootsiem ay) 0] jusoelpe S| Jo juswdojarsp
Jayuny 1wl pue jusaAald 0) sjoelold "paysielem SIYyl Ul paio)iuow &g O} anunuoo pinoys Alenb usiepn  [10S
ay} azijige)s pue syueq ay) buoje paysijgelse awodaq ued uonelabaa pajoos desp jeyl os ssaooid bBuibpalp ay)
Buunp des)s 00} syueq |ouueyd ay} Buipelb jou apnjoul 8}IS SIY} 0} SUOIJEPUBWIWOSSY 8sinoolajem ay) Buoje
18IX0 [|U/A9INB B A|qISSOd "paljijuapl OS|e SeM 920BLNS JBJBM dY} UO uaays Ajlo uy "800z Ul JISIA als e Buunp
pajou alem oebje pue paamxonp jo sjunowe able| AjoAnejey ‘seale awos ul Jussald Jajem jueubels si alay)
INg paqueals ay} Buoje jussaid aiem sjood ou 0] Me4 ‘|BUUBYD BY} JOA0 JBA00 Adoued pue jeliqey sjoedu
2u0zZ Jayng ay} ul uonejaban Apoom abie| Jo yoe| a8yl ‘|lem e Buiwloy Jayjo yoes jo doy uo pie| sy00|q 8)210u0d
JO SJSISUOD aiNoNnais SIY|  ‘[duueyd ay} Jo yueq jybu a8y} Buoje s)sixe ainjoniis uonosjoid yueq Y “yueq oy}
dn Buipusixae [10S aleq Jo WI0) 8y} Ul Jussaid si AJjige)sul yueqg [suueyd sy} UIYIM AUSISAIP MO} 91| S8jeodipul
yolym paq weals ay} Buoje sainjes; |euolisodep Aue s)oe| pue pazijouueyo usaq sey j| ‘uielq ||BUBIAA ‘ulelp
|edioiunw e se pabeuew s| 8sin02Ja)eM JO UONOSS SIY| :(S-BINAM) PeOY 2i0ysaye] Jeau peoy Japiug ¢

"Juapuajuadng abeulelq ay) Yyim passnasip aq pinoys
suoljepuUSWIWIODal ||y PaJopIsuod 8g Osje p|noys alnjeand [suueyd Buisealoul pue ‘uawdojarsp uie|dpooy)
‘uonealo puepem se yons ‘ubisep obeulelp |euonipel} O} SOABUIB)Y 8sinodlalem 8y} jnoybnouyy sdely
JuBWIpas Jo asn ay} Aq auop aq ueod pag |auueyd ay} Buoje Juswipas Jo uolje|nwnooe ay} BuLojiuoly paysiajem
SIYl Ul paJojuow 8g O} anupuod pnoys Ajenb Jajepn  jIos 8y} ozijigels pue syueq ay) Buoje paysiiqelse
awo029q ued uonelaban pajoos desp jeyy os ssaooud Buibpaip ay) Bulnp des)s 00} syueq [puueyd ayy buipelb
JOU Bpn[oul 8)IS SIY} IO} SUOEPUSWIWOo9Y ‘Seale awos Ul Jussald Jeyem jueubels sI a1ay) Ing paquieal)s
ay) Buoje jusesaid alom sjood ou 0} Ma4 'pag |puueyd oy} Buoje psajisodep SI JUSWIPSS pPajEpIjOSUOIUN
doop AjoAieloy 800z Ul USIA 8is e Buunp psjou sem psamyong  JoAod Adoued ayj sywil uonejabon
Apoom ob.e| Jo yoe| ay] ‘|ouueyo ay} jo abpa 8y} 0} Jybl pamow SI UME| 8y} SJoym seale os|e ale alay|
ueq Yol ay} uo uoneleban usje} Jo wloy ay) ul Jussaid si Ajjigelsul yueg [suueyd ay) UIYIM ANISISAIP MO}
a[nI| S8jedIpul Yolym pag wealis ay) Buoje sainjes) [euolisodap Aue sy)oe| pue pazijpuueyo usaq sey j| ‘uleiq
[]SUBIAA ‘Urelp [ediolunw e se pabeuew S| 9SIN02JJeM JO UONOSS sIY] :(Z-BINAM) }se peoy aloysaye] 2




‘Juspuajuadng
abeulelq 8yl yum passnosip ©g PiNOYs suoljepuswiwodal ||y  "8sinooialem ay) 1noybnouyy sded) juswipas
Jo asn ay) Ag suop aq ued paq |suueyd ay) Buoje juswipses JO uole|NWNooe ay) Buloyuol ‘Speol pue spiall
JO JJounJ woJj [guueyo ay) Jayus Aew jey) s|esiwayd pue Juswipas o) Jaljll e aplroid OS|e ||IM )| "8SInoolsiem
ay) Buoje sejelqaleAul pue ‘s}oesul ‘ysll Jo) lelgey pue Jaaoo apiaoid [im siy]  e|qissod I suoz Jayng
ay) uiyum uonelaban jueld aAneu Jo AlSIeAlp pue azis ay) Buisealoul apnjoul 8)is SIY) JO) SUOIBPUSWWOISY
‘9sinoolejem oy} Buoje suonledo| SNOUBA Ul [lewS SI YpIM Jayng peojeleben a8yl  eyis Apnis 8y}
1noybnouy) juasalid Jajem jueube)s si alay) Inq paquieadis ay) buoje juasaid aiom sjood ou 0] Ma4 "pag |suueyd
ay) buoje pajisodap juswipas palepljosuooun desp AjoAne|al SI 8Jay] Seale aWwos U] ‘[auueyd ayl ulyyim Alsiaalp
MO[} 91| 81e2IpuUl Yolym paqg weads ay) Buoje sainjes) [euonisodep Aue syoe| pue pazijauueyo usaq sey i ‘z-IA
ulelq Jauayolp ‘urelp [edidiunw e se pabeuew si 8sinoolsiem Jo uonoss siy] :(Z-2INAM) peoy aulelloT] 9

"Juspuauledng abeulelq 8y} Yim passnosip g piNOYS SUOIBpUSWWOIal ||y PaIopISuod aq os|e
p|noys ainjeAind |auueyd Buisealoul pue ‘uswdojorsp uledpool} ‘uoiieald puepem se yons ‘ubisep abeulelp
[euoljipes) 0} S9AlBUIB)Y ‘9SInodiajem oy} Inoybnoldy) sdely Juswipas Jo ash ay} A suop ag ued pag [suueyd
8y} Buoje juswipas Jo uoneNWwnooe ay} BULIO)UO ‘PaysJaiem SIy} Ul palojiluow 8g 0} anuiluod pjnoys Aljenb
JJeA\ "9SIN02JB}EM BU) JOAO J9A0D Adoued alow apiroid pjnom jsuueyd sy} o} Jusoelpe uoiejeban Apoom aaieu
ablie| Jo Junowe ay) Buisealou] “yueq oy} SzI|Igeis 0} MO||eys 00} aie s}ooJ dAle}abaA jey) sajeolpul Ajjensn
Buildwn|s jueq jo aouasald ay] ‘|l0S 8y} zi|Igeis pue syueq ay} Buoje paysiigeise awodaq ued uole}aban
pajoos daap jeyy os ssaooud Buibpaip ayy Buunp dasys 00} syueq |puueyd ay) Buipelb jou apnjoul 8)Is SIY} 10}
SUOEPUSWILIODSY ‘|duuBYD Y} Ul paulejuod si Moj} 8y} ulyim AbBiasus ay) ‘elojesay] ‘ule|dpool} ay) 0} ssedoe
ou 0} pajiwi BuiAey Slo}em poOoJ} Ul S}NSaJ UYOJIYM JUSWYOUSIUS S)elapowl Sey als plaly SIYl 1B 8sinodiajem
ay) Jey} 81eolpul p|NOM SUOI}08S SSOID |[SUUBYD }B UdYEe) Sjuswainses|y ‘[duueyd ay) Jono 1anoo Adoued ay)
sjoedwi siy]  |el] diyspusii4 8y} pue pjal} |ednynoube ue 0} anp [auueyd 8y} JO SpIs JaY)e Uo S)sixe uoljejabon
Apoom obie| Jo Yoe| B UM YIpIM Jayng |lews y ‘seale awos Ul Jussald Jajem jueubels si aiay) Ing paquiess)s
oy} Buoje jussaid atem sjood ou 0} ma4 ‘pag [puueyd ay} Buoje paysodap si juswipas pajepljosuooun desp
AloAnel2y "800z Ul NISIA 8)Is B Bulnp pajou alom uole}obaA [ouuByd-Ul 9SUSp JO Seale pue ‘paamyonp ‘eeb|y
"JuswWIpas dwn|s JO eaJe Ue 10 92.lId) B S| SIY} JOU JO JaUaym WLIJUOD 0} }NOILIP SI } ‘jouueyd ay} o) Jusdelpe pue
ulyum uone}abaa ay) 0} enQg ‘|oUUBYD By} UIYIIM 92e1I9) B 8g 0) sieadde aiay) a)is p|al} SIY} JO uonoas wealjsdn
ay] u|] ‘Buidwn|s pue s)yueq 1noJapun Jo WIo) 8y} ul juasald s Ajjigeisul yueg |auueyd ayj UIYIM A)SIoAIp
MO[} B)I] @1 dIpul Yolym paqg weans ay) Buoje sainies) |euolisodep Aue s)oe| pue pazijguueyo usag sey }
"Z-IN ulelq Jauayoljy ‘uresp jedioiunw e se pabeuew S| 9sIn02J9)eM JO UONDSS SIYL :(DINAM) lielL 19piusg °G

‘Juspusjuiadng abeulelq ay) Yum passnasip 8g pjNoys SUOIIBpUSWW0ddl
IV (a2661 ‘VH4VINO Pue ‘e/661 ‘VH4VINO) seonoesd Buiddoso pue ebej sodoid pue ‘sjepino abeurelp
3|} ‘sAem|ids ainyo ‘sAemisjem passelb apnjoul sejdwexs awog ‘pajuswsldwl 8q p|NOYs 8sIN02Ida}em 8y} 0}
aoelpe s||1 Jo JuawdojeAap Jayuny Hwi pue juaraid 0} s}oalold "palepisSuod aq OS[e pjnoys ainjeAlnd [guueyd
Buiseasoul pue ‘yuswdojarsp ule|dpoo)} ‘uoieald puejlam se yons ‘ubisep abeulelp [BuUOI}IpPEJ]} O} SBAIIBUISYY
"asinooialem ay} jnoybnouy) sdelj juswipas Jo asn 8y} AQ auop aq ued paq [puueyd ayy Buoje juawipas
JO uole|nwnooe ay} Bulojuopy paysajem Siy} Ul paJojiuow aq 0} anuiuod pjnoys Ajjenb Jajep\ "esinoolajem
ay] JBA0 JBA0D Adoued asow apiaoid pinom [puueyd sy} o) jusoelpe uonelabon Apoom abie| Jo junowe
ay) Buiseasou| -10S 8y} 8ziIge}S pue Ssyueq ay) Buoje paysiigeise sawodaq ued uolielsben pajoos desp eyl




Juspusjuliedng abeuleiq sy} Yim passnosip q piNoys suolepuswwodal |IY (466} ‘VH4VINO Pue ‘e/661
‘YY4VYNO) seanoeld buiddoio pue abejn Jadoid pue ‘siojino abeulelp ajn ‘shkemids anyo ‘sAemisiem passelb

apnjoul sejdwexs swog ‘pajuswaldwi 8q p|Noys 8sinoolslem syl 0] jusodelpe s Jo juswdojeAsp Jayuny
HwWiI| pue juanald 0y s1osloid “Speos pue spjall JO JJound Wod) [suueyd ay] Jajus Aew jey] s|eodiwayo pue Juswipes
J1oj 4|1} e apinoid os|e |Im 1] ‘esinoolalem ay) Buoje sejeigalaAul pue ‘s1oasul ‘ysl) J0J 1Bligey pue JaAod apiaold
[IM 8uoz Jayng ayl ulyum uoneyaban jueld aaneu Jo AlisiaAlp pue azis ay) Buiseasou| -asinoassiem ay) Buoje
1sIxe s||u/saynb Ajqissod Jo/pue seueingu jlewS  -a8us Apnis ay) 1noybnouy) jussald ssyem jueubels si alay)
Ing paquweadis ay) Buoje Jusasaid aiem sjood ou 0} ma4 “Sp|dl} By} 0} Juddelpe ||lews sI Yipim Jayng pajerabon
8yl "ueq ay} dn Buipuaixa |I0S aJeq JO WIO} ay) ul Juasaid si Ajjigelsul yueg |suueyd ayl uiyym A)SIanp
MOJ} 93}| @1B2IpPUI YoIym paq wealjs ay) Buoje sainjes; |euoljisodap Aue syoe| pue pazijauueyd usaq sey 3| ‘z-IN
ulelq Jeusyoly ‘ulelp |edipiunw e se pabeuew S| 8SIN02Js)eM JO UOoI08s SIY] (S-OINAM) Peoy JoABIAA "6

"Juapusjuladng abeulelq 8y} Yim passnosip ag pinoys
suolepuswWwWogal ||y ‘paysialem Siy) Ul paiojiuow ag 0} anuiuod pinoys Ajjenb Jsjepn 10S 8y} 8zijige)s pue
syueq ay) Buoje paysijgeise sawooag ued uoneyaban pajool dosp jey) os sseoold Buibpalp ay) Buunp des)s 00}
syueq [auueyo ay} Buipelb jou apnjoul 8)IS SIY} JO} SUOIJEPUSWILLIODDY ‘[aUuUBYyD 8y} Ul PBUIBIUOD SI MOJ} SU} UIYIM
ABlaus 8y} ‘elojoiay] uie|dpool} 8y} 0} SS800E OU 0] pajwl| Buirey si8)em POOJ) Ul S}NSaJ YoIym JUsWyoualjua
Jouiw 0] ajesopow Sey dUs plall SIYl Je 9SIN02JBIEM U} Jey} S}edIpul PiNOM SUOI}DSS SS0JO [dUUBYD Je uaye)
sjuswainseay\ ‘als Apnis ay) 1noybnouyy Juasaid Jaiem jueubels si a1ay} Ing paquealis ay) Buoje juasaid asem
sjood ou 0} ma4 °800Z Ul JISIA a)is e Buunp pajou aiam sebje pue uonelaban jpuueys-u| -Auadoud jenuspisal
ay) Buoje [jews sI yipim Jaynq pajelaban syl ueq ay) dn Buipusixe [I0S aJeq JO wio) 8y} ul Juasald si Ajjigeisul
jueg |auueyd a8y} ulyum jussaid sieq ma) B ale aiayl pue pazijpuueyo usaq sey 1| ‘g-IN ulelq Jausyolp
‘ulesp jedipiunw e se pabeuew SI asinodsalem Jo uondas siyl  ((SN)y-oINamM) ise3 1eans Aeiy s

"Juspusjuadng abeuleiq
93U} Upm passnodsip 8q plnoys suohepuswiwodal Iy  (9.661 ‘VH4VINO Pue ‘e/66l ‘VH4VINO) sednoeid
Buiddoso pue abe| iy Jadoid pue ‘sieino abeuielp 9|} ‘sAem|ids anyo ‘sAemiajem passelb spnjoul sajdwexs
awog "pajuswsldwi 8q piNoys asJnodialem a8y} 0} jusdelpe S| Jo juawdojeAsp Jayuny jwi pue juaaaid
0} sjoaloild -asinoossiem sy} noybnouyy sdesy Juswipas Jo asn 8y} Aq auop 8g ued paq [suueyd sy} Buoje
JUSWIPSS JO uoneINWNIoe 8y} Buuojuoly "pPaysialem Siy} ul paiojiuow 8g 0} NuUUOd pinoys Ajenb Jajepn |los
ay) azijigels pue syueq ay} buoje paysijgeise awoodaq ued uoneleban pajoos desp jeyy os ssaooud Buibpalp ay)
Buunp desls 00} syueq [suueyd sy} Buipelb Jou apnjoul 8}IS SIY} JO} SUOIJEPUSWILIOISY ‘[dUUBYD Y} Ul PaUIBJUO0D
S| MOJ} 8y} ulyum ABiaus ay) ‘aloyaiay] -uie|dpool) 8y} 0} ss8d290e Ou 0} pajwll Buiaey siajem pooj) Ul s)nsau
UoIYM JUBWIYDUSIIUS S}elapoul Sey 8)IS p[al} SIY} JB 9SIN02Jsjem 8y} Jey} 9)edipul PINOM SUOIJO8S SS0ID |[dUUBYD
1B Uaye)} sjuswainses|y "asinoasalem ay) Buoje isixa s|i/salnb Ajqissod Jo/pue sauengu} [ews "pag |auueyo
ay) buoje pajisodep juswipas pajepijosuooun dasp AjoAle|al S| 8lay) seale awos U] "go0Z Ul JISIA a)is e Bulnp
pajou aiam aebje pue uone}aban [puueyd-u| -asinooislem ay} Buoje suoleo0| SNOLBA Ul [[BWS S| YIPIM Jayng
pajelabon ay| "s)yueq JnoJapun se [|am se ‘jueq ay} dn Buipus)xa |I0S aJeq Jo wloy 8y} ul Juasaid si Ajjigeisul
jueg |auueyo 8y} uiyum juasaid sieq ma) B ale aJdy} pue pazijpuueyd usaqg Sey }| "Z-\ uleiq Jausydip
‘urelp |edioiunw e se pabeuew s| asinoosslem jJo uondas syl  :((sa)s-oam) ise3 waans Aey 2z




|ediolunw e se pabeuew S| 8sin0oJa)em JO UoNoas SIyl :(Z-B1AM) 3Se3T }9213S UIe|\ je peoy Japius '€}

‘Juspuajuedng abeulelq 8yl Yyum passnosip 8g pjnoys suoijepuswilodsl
[V °palepisuod aq oOs[e pjnoys ainieAlnd |suueyd Buisessoul pue ‘quswdojeasp ule|dpoojl ‘uonesto
puejiem se yons ‘ubisep abeulelp [euolIpel] 0] SOAIBUIS)Y ‘9SJN02JS1BM SIY] Ul paioliluow 8q O} SNunuod
pinoys Aljenb Jajep) |[10S 8yl 9zijigels pue syueq ay) Buoje paysijgeise awodaq ueo uoljelabaa pajool desp jey
0s ssao0.d Buibpaip ay) Buunp desis 00} syueq [suueys ay) Buipelb jJou apnjoul 8)IS SIY} JO) SUOIIBPUSWIWOISY
‘lauueyO By} Ul pauleluod SI MOJ} 8yl ulyym ABleus oy} ‘elojaiey]  "ulejdpooly 8y} 0} SS820e oOu
0] pajiwi| Buiaey siajem pooj} Ul S}NSaJ YdIYyM JUSWIYOUSIIUS JoUIW O} 8)etapowl Sey a}IS p[al) SIyj je 8Sin0oiajem
ayj 1.y} 81eoIpul pjNOM SUOI}08S SSOJO [BUUBYD Je UdYe) Sluswainsealy d)Is plal SIY) Je 8SIn0oJajem oy} Jajus
s||u/sa1nb Jo/pue saueiNgu]  '800Z Ul USIA 8)is B Bulnp asinooialem ay) Buoje pajou sem aebje jo aouasalid
ay] "noybnouy) Jussald Jeiem jueubels si 8iayl Ing paquieals oyl Buoje jussald aiem sjood ou 0] Ma{ Weans
a) JeAo JaA0D pue Jeliqey sjoedwi suoz Jajing ay) ul uonelabea Apoom sbie| Jo Moe| 8y ‘pueq Jeno ue Buoje
pasodxa [I0s aieq se |jlom se ‘Buninolepun Jo wiol ay) ul uasald si AJljigelsul yueg ‘[suueyd syl Ulylim AlSIaAIp
MOJl S|1l| 81e2Ipul Yolym paq weas)s syl Buoje seinies) |euonisodsp Aue syoe| pue pazijpuueyd useq sey
1| "uteaq loubIp) ‘ulelp [edidiunw e se pabeuew S| 8SIN0JJ8leM JO UOD8S SIy| :(eldam) lesl diyspuauiq gL

‘Juspuajuiadng abeulelq a8yl Yum passnosip 8q pjnoys SUOIJEPUSWILLODaI [ "9SIN0JJa1EM
ulew ay} Buusiua woJ) Juswipas |euonippe uaAald 0] Ajjigeisul Yueq JO) paJojiuow aq pinoys spial palelaban
8} U9aMIag Ul SMOJ} Jey} 8SIn0olalem ay] "SpeoJ pue spjal JO Jount Wod) [Buueyd a8y} Jajus Aew jey} s|esiwayo
pue JuswWIpas 10} Ja}jl} B apiaoid Os|e |IM )| "8SinodJajem a8y} Buoje sajeigapaAul pue ‘sjoasul ‘ysiy Jo) Jelqey pue
JOA0D apinold |[IM BUOZ Jalnq 8y} uiyim uonelaban jue|d aAneu Jo AJisiaAlp pue azis ay) Buisealou) ‘||l e 1o A9|Inb
B 9 P|n02 Ydlym spjal) [einjinoLibe ay) usamiaq Ul SMOJ4 1By} SIN0dJa)em e S| alay] "a)s plaly ay} inoybnoiy)
Jo1em jueubels s| a1ay) Ing paqueals ay) Buoje jussaid siom sjood Ou 0} Ma{ ‘Weal)s By} JOAO JSA0D pue
1enqgey 1oedu |Im yolym asinoolaiem ay) Buoje suoljeso| SNoLeA Ul [[ews SI Yipim Jayng pajejebon sy ‘dosss
Aian a1am s)ueq yjoqg ing Ayjigelsul Ajjuapl 0} JNoIp 31 epew uone}sboa jyueg ‘|auueyd a8y} UIYIM ANISISAIP
MO} S3)I] S}eoIpuUl YoIym paq weal)s ay) Buoje sainjes) |euoliisodap Aue syoe| pue pazijguueyo usaqg sey }| 'z
-IN Ureaq Jauayoly ‘uresp [edipiunw e se pabeuew sI 8sino02Jalem Jo uonoas siyl :(z-PINAM) Peod J9]1IN “LL

‘Juspusiuadng abeuieiq
By} YlIM passnosip 89 p|noys SUOIIBpuUsWWOoddl ||y "SPEOJ pue Spjalj JO Jound Wod) [guueyd ay) Jajua Aew jey)
S|eOIWaYD pue JUBsWIPasS Jo} Jaiy e apiaoid Os|e [[Im )] "8sinodlaiem ay) Buoje sajelqalaAul pue ‘sjoasul ‘ysly 1o}
1eligey pue JaAod apiaodd [jIm 8uoz Jayng ay) uiyim uonelaban juejd aAljeu Jo A)ISIaAlp pue azis ay} Buiseaou|
‘louuByd 8y} Ul paulejuod si Mol 8y} ulyum ABleua ay) ‘esojesayl uleldpoo)} 8y} 0} SS830B OU O} pajWl|
Buiney slejem pooj) Ul SYNsal YoIym payousiiud Ajojelapowl 0} payouaiius si 8)is plaly SIy} 1 8sinoolajem ay)
1ey) 9)eoIpul PjNOM SUOI}0SS SSOJO |dUUBYD JB Udye)} sjuswalinses)y ‘juasald Jejem jueube)s Jo seale ale alay)
INg paquieal)s ay} Buoje jusesald aiem sjood ou 0} Mo "WEBI)S B} JIOA0 JOA0D pue Jejgey joeduwl [[IM YoIYym
9sInooJo)em oy} Buoje suoneoo| SnoLeA Ul [lewsS SI YIpIM Jayng pajeiabon ay] ‘|auueyd ay) Ulyim ANSISAIp
MOJ} B[)}I| 81B2IPUI YoIym paq weal}s ay) Buoje sainjes) |euonjisodep Aue syoe| pue pazijguueyo usaq sey }| "z-IN
ulelq Jauayol ‘utelp jedioiunw e se pabeuew S| 8SIN02J9JeM JO UOI08S SIYL (PINAM) }sed }9aa3s uieyl ‘0l




an|g 'snjeis yoeag bBe|4 an|g spJemo) }Jom pue sanssi Ajljenb Jejem ejebiiw 0) seiousbe Buusuyued yum MIOAL

seyoeagq Be|4 an|g

‘sainseaw uonosjold suljaloys pue sessso0lid |einjeu usam)aq aoue|eq
e pulj 0} palojsal Jo Ajjeinjeu paulejulew usaq aAeY Jey) asuljaioys syowolid 0} siepjoysyels Buusuyied yim MIopn

diyspiemals
aulj8Joys poos) ajowold

‘| Xipuaddy 01 Jejal ‘sainsesw uonebniw 4iAg 1ualind jo sajdwexa malAal 0] ‘sulelp
10} s8oNoeld Juswabeue|y 1S9g YlIM 80UBPIOIOE Ul SUOP g P|NOYS 8SIN02IaleM SIY) JO aoueuaulew ainjn) Auy
‘uleJp ayj 0} Buiuinial wouy Juswipas jJuanald 0] pue swalsAs oienbe 0} syoedwi |B2160j008 8anpal 0] AJuNwWwod
[eanynoube sy} pue ‘0440 ‘OVSA ‘Y40 ‘OuUEJUQ uoneAdsuod “YUNIN ‘O4d ‘VH4VINO ‘selousbe Buimojoy
ay} ‘o) paywi| Jou INg ‘YuM uolie)NSUoD Ul padojaAsp &g pINOYS adueBUSUIBW UlRIp 10} Sadljoeld juawabeue|
1s9g -ulelp a8y} ul Buiulewsas pue Buudlud JuBWIPSS JO Junowe 8y} Buionpals AQ sjueAs sdoueusiUlBW USBM)B(
awl ayl uayibua| Ajenuslod ueo sulelp BuizijeinieN “SallAlOe @oueusjuiew paleadal ybnouyy Apsoo aunb
awo029aq 0} |enuajod syl sey aoueuauiew ulelp ‘leligey ueledl pue oienbe uo joedwi ue Buiaey 0} uonippe uj

saoloeId
1uswabeuey 1seg ulelq
pue suleiq BuizijeinieN

"Juspusjuiedng abeuleiq 8yl Yim passnosip 8q piNoYs SuolepuslIWoos.
IV  ‘esinoolelem a8yl Buoe eleigelsAul pue ‘sjossul ‘ysl Jol 1eliqey pue JsA0Dd epirocid |IM  S8uoz
JayNng |jews ulyim saroads jueld aAneu Jo AlisiaAlp pue AleleA ay) Buiseasou| "edojs jsuueyo pue ‘Jemod wea.s
‘AI00joA pasealoul 0] anp awiaAo Aljawosb jauueyo ay) abueyd osfe M 1] “(a18y) 8All 1ey) swsiueblo ay) pue
uonejeban uieidpooj) 10 sso|) 1elgey |eaisAyd ay) pue (siejem pooj) o) seale abelols ale suie|dpooj)) 8sinoole)em
ayl Jo uonouny alnelpAy ayy syoedwi yoiym ‘ureidpooy) ueoelpe ay) Jo SSO| 8Y) Ul S)NSaJ [sUUBYD 8U) O] Sie)em
pooyy 8y} Buiuyuo) -ule|dpooly |yl 0} SSe00E OU O} )il DABY |IM SIS8}EM POOJ) 1By} SUBSW YOIUM ‘JUSLIYDUSIIUS
ajeJopow oABY S8)IS Ploly 8y} JO |WOS "asinooislem 8y} noybnosyy sdely juswipss jo asn sy} Aq auop
8g ued paq |suueyo a8y} Buoje juswipses Jo uopenwnooe ayy Buuoyuop “jelqey ysy Buioedw pue ‘sjood jo ul
Buipy ‘ANpiginy pesesatoul ‘sjuswisnipe [puueyo [BJ8)e| SB Yons ‘9sinooisiem ay) Ul swajgqold asned ueo uoljisodsp
Juswipas aAIsseoxg “Auedoud jusoelpe sy Buoje pejuswaldwi aq pinoys Buipsss pue ‘s}eyue|q [0JJU0D UOISOID
‘BuipelB-a1 ado|s se yons sainsesaw uoluaAald [|Iy 8sinoodlelem ay) Bulsius JuswIpas |euonippe Jo) |enuslod
ay] sejeolpul palisIA salis piall 8yl 1o Jjey Aj@lewixoidde 1e jussaid selnby/s|u 1o Aljiqissod 8y  “8sinoois)em
ay1 1noybnosyr paunuspl sem pag [suueys ay) Buoje pseusodep juswipas pajepljosuooun desp AjaAnejal pue
Aulgelsul yueq yiog “z-|\l Uleq Jausydi pue ureld [[BUBIAA ‘Ulelp [ediolunw pajeubisap & uiyim aie salis pialy (I

"Juapusluadng abeulelq ay) Yyim passnosip 8q pinoys suoiepuswiwodal ||V (92661 ‘YH4VINO pue
‘e/661 ‘VH4VINO) seonoeld Buiddoso pue abej Jadoid pue ‘sygino abeurelp oy ‘sAemjiids ajnyo ‘shkemiajem
passelb apnjoul sajdwexs swog ‘pajuswa|dwi 8q pjnoys 8sInooislem ay) o} juadelpe s|il jo juswdojarap
Jayuny Hwi pue janaid o) syoslold ‘esinoolajem ay) Jnoybnouy) sdelsy Juswipas Jo asn ay) Aq auop aq ued
pag |auueyd ay} Buoje JuswiIpas JOo uole|nwnooe ay} BULIO)UO|\  9SIN0JJalem SIY} Ul paJojiuow g 0} dNUiUOD
pinoys Ayjenb Jajep\ SpeoJ pue Spjal JO JOouns WoJ) [duueyd 8y} Jejus Aew jey} S|eolwayd pue juswipas
Jo} 1oyl e apinoid osje [Im )] “8sInooisjem ay) Buoje sejeigaleAul pue ‘sjoasul ‘ysly o) Jeliqey pue JaAod apiaoid
[lIM 8UO0Z Jayng 8y} uiyum uoie}aban jueld aAljeu Jo AlisiaAlp pue azis ay) Buisealou| “asinooiajem ay) Buoje isixe
s||/salnb Ajqissod Jo/pue saueinguy jlews  ‘paq |suueyo ay) Buoje payisodep juswipas pajepljosuooun desp
AloAnje|al si 818y} sealde swos U] "800z Ul USIA 8)is e Bulinp pajou aiam aebje pue uoljejabon jsuueyo-u| ‘weal)s
8y} 0} 8s0|0 Buleq pue| [einynoLIBe Ul S)NsaJ YdIyM |[BlS SI UYIPIM JayNg 8y | ‘wealis 8y} JoAO JSA0D pue lejigey
sjoedwi auoz Jayng ay) ul uoneyeban Apoom abie| JO 3oe| 8yl ‘|auueyd ay) Ulyum AJSISAIp MOJ} 93] S)eodipul
yolym paqg weasis ay) Buoje sainjes) |euonisodap Aue syoe| pue pazijuueyd usaq sey }| "uieiq ||oUBIpN ‘ulelp




Apnjs 18yjn4 10} suoijepuawiwiossy

salpnjg |eloadg

"'VOdN 8y} 01 papiwqgns ale
spJooal BuluoISSIWIWIODBP [|oM Jajem pue ‘sadloAul ‘sydigdal |je Jaye 109 joaloid [ejo) ay) JO 9,06 Jo} pasingquiial
aQ [IIM pue ‘10}oBJUOd 8y} 0] 1S09 [Ny ay) Aed |m Jaumopue| 8y} jeyl sueaw yoiym ‘weltboid juswasinquiial
e s| siyl ‘(Apedoud sod sjem g jo jwi) |em Jod 000‘2$ JO wWNWIXew e 0} S}S0O BuluoISSILLWODapP ||om
10 9,06 Jonoo [m spuelb panoiddy (200Z YOdN) Bulobuo ale 1o pajsjdwos usaq aAey suejd paysialem aiaym
seale pue ‘s|jom Jajem olsawop Jo Aususp ybiy e yum seale ul pa1eoo| sjosfold ‘seale aanisuss AjjeoibojosbolpAy
01 UBAIB sI Aliolld "Ajuo s|jem Jalem pasnun Jo BuluoissILWOoosp 8y) Jo) o|ge|jieAe aie sjuelc) “uonalpsunl sy
J0] 9oe(d ul welboud BuiuoissIWWOoo8p [[oM B sey YDdN 8yl “Jeiempunolb o] a1nol 108lip e Buipinold Aq seoinosal
Je1empunolb o) 1ealy) e asod (psjess pue paddeo) psuolssiwwossp Aladoid jou aie jey) s|em pauopueqy

welbold Buluoissiwwoosaq
I8\ pauopueqy

100foud ay)
uo Buipuadap 000°Z1$ PUE 000°G$ Usamiaq sded ypm josfoid B Jo 30D 8} JO %G/ wnwixew e o} syuelb sapiroid
welboud siy| -weibold juswanoidw] Ayeny Jsiepn s.Aluoyiny uonealasuo) ayy ul aiedionled o) pabeinoous
pue jJo aleme apew g p|NoOYs slaumopue| ‘uonippe u| ‘pajowold AjpAisusixe aq pjnoys saonoeld juswabeuew
1s9q |ednynoube pue |einl JO SjBUBQ BY) Inoge sisumopue| Buieonps e pswie welbold SyYOAN 9yl

weuboid
sooljoeld Juswabeuely
1seg |ein)nouby

‘(seonoeud aauy |eoiwayd -6-8) pabeinoous aq pinoys saonoeld Ajpusiiy AjjejuswuodIAug

‘uonippe u| ‘paydope usaq Apeadje jou sey welboud e yons JI $8sIN092 Jjob 10} palojdxa aq p|Noys $8sIN09) |05 40}
weibolid Alenoueg aaelsadoo) uognpny ayl ojul uonebiysaau| -jeygey dnenbe ay) pue Ajijenb Jajem 0} |elolyauaq
aq |m ‘paydope Apealje jou JI ‘sadnjoeld adoueusjuiew d|qiIsuodsal AjjeluswuolIAuS JO Juswabelnoous ‘uonippe

U] "aJl|p|Im Joj 1eligey Jo abuel apim e Jalo 0] [enualod ay) aAeYy s8sInod Jjob ‘Buideoaspue| ay) ojul seale [einjeu
pasueyus Bunesodiooul se yons ‘uswabeuew aypiim yum saonoeld Juswabeuew asinod Jjob Bunesbajul Ag

$8SIN0Y |09 10} S82N0RId
@oueUB)UIR B|qisuodsay
Alleluswiuosiaug

'000°01$ Jo Buijied juelb e yum joofoid e Jo 15092 8y} JO %G/ JO wnwixew e o} sjuelb Buipiroid Aq
Auedoud sy uo 1engey puepam bBuneals pue Buneyjigeyal ‘Bunosiold ‘Bulio}sal ul pajsalalul ale jeyl silaumopue|
1sisse 0} swie weiboid juswanoiduw| Auenp Jalepn S VDdN Ubnolyy weiboid 3| YLOAA 81 SPUBISAA YL “Jajem
ssooxa Buiqiosge pue sabuods juelb ay Bunoe Aq Buipoo)y aonpal 0} Buidjey pue swaisAs uonelyi |einjeu se
Bunoe ‘moj} mo| Bunuswbne Aq paysieiem e ul suonouny [eo160j098 pue Ajjenb Jajem jueuodwi apirnold SpUuBdpn

weuboid
H YHLOAA B1E SPUEIDAA

"000°01$ PUB 000°2$ U9dMIB] Sded yim josfoid e jo

1S090 8]} JO 9%,G/ JO wnwixew e o} sjuelb sapinoid welbolud siy] "weiboid Juswanroidw| Ayjenp Jayepn s.Aioyiny
uoneAIasuo) ay) ul ajedioied o} pabeinodus pue Jo aieme spew 8q p|noYs Slsumopue| ‘uonippe u| “pajowoud
Al@AISuUB)Ixd 89 p|noYs SasInodJajem Buoje sauoz Jayng Jo S)Buaq ay} Inoge sisumopue| buijeonps je pawie
wesboud s,yDdN 8yl o810 ay) jo abpa ay} 0} sdoud jueld Jo painoluew sanladoud siay) desy sisumopue| Auejy

weJsboid
uoneonp3 Jayng ueledry

‘sa10ads Jo abuel apim e 1o} AJiIsiaAlp [e2160]008 pue jejgey apiroid se [[om se
Seale [einjeu USdSM}SQ BUNE} PUE BIOj} JO JUSWSAOW doUBYUS O} |eijusjod 8y} dAeY Seale Yong "sainjes) [einjeu
snonbiuod Jabie| Buneald seale jeinjeu usamiaq sabesull |eoibojoos Buneals Joy uasaud si jenuajod Ayunuoddo

sealy |eJnjeN usamiaq
sabeyul |eo160j003

‘Ajjigndaosns oisuliul mojjeys ybiy e yym seale
Ul Speo. pue speoJ ulew 0} pajoalip 8g pjnoys uoisuedxs welboud Jo snoo4 ‘(sduys Jayng "6°8) syyeuaq |ea1bojoos
snoJawnu Buipiroid 9jIym [0J3UOD UOISOIS pUB Paam apISPeO. 10} dAljeuId)e Juswabeuew punos AjjejuswuodiAud
‘9A08Y8-1s00 B aonpoud 0} sanbiuyos) uswabeuew ajeudoidde yum uonelebaa aAijeu Jo asn ay) sajelbajul
NAY| ‘weiboid NAY| S.uoibay eisebelN puedxs 0} Jaylabol ylom pjnoys sanijedioiunw pue uolbay elebelN

weiboid (NAYI)
wswabeuel) uoneyebop
apispeoy pajelbalu|

"Bale a8y} Ul WsLIN0o} asealoul
0] |enusajod ay) aney sayoeaq Bel4 an|g ‘A|leqo|b umouy si pue (o Bejan|g) sadines pue A}ajes pue uoleonpa
|[eluswuolIAuS ‘Juswabeuew |eyuswuoliaue ‘Alljenb Jsjem 0} joadsal yum spiepuels ybly sypew snieis belq




‘Buidwes ajeniul diay o} pue sayis |enuajod Aynusapi djay 01 dnois Ayjenp Jayep Aeg
aulelloT 8yl Yim Jauled ‘eoueisul Jo4 "UoleIolSal Jo/pue uoneipawal Joj seale Alold Ajnuspl djay 01 palepisuod
g p|noys uoneuiwejuod Jjo swiod [enusiod Jo wesljsumop pue wealdisdn spoyjew Buldwes peoueyug

Buidweg
Ayjenp Jeje M oy10eds aHg

‘papasu
s| ue|d juswabeuew JueUILWEIUOD B J0U JO Jaylaym pue jeliqey onenbe pue Ajjenb Jejem aoepns uo aAey Aew
SjueuIWBIUOD |elluslod asay) sjoale a|gissod ay) ojul uoneblisaAul Jayln] S [[oM SB papusliLIodal SI SUOBIO|
pue $82IN0s jueulweuod jenuajod wuipuod 0} Alojuaaul palepdn uy (500Z) ApniS Jo3empunols) sYDdN du} 10}
saAoslgo ay) Jo Led se palnusapl sem Aljenb Jsiem 0] sjealy) pue S824n0s JueulLRIUOD |enus)od Jo AlojusAul uy

uonnjjod
92IN0S UI0d JO $82IN0S
JUBUIWEUOD [enus)Od

‘ue|d U0I}08)0I4 891N0S
pasodoid pue (500z) ApniS J4ejempunols) s\yOdN 84l 1o ued se seale s|gndeosns ul S8aInosal Jajempunolb
10 uonoajoid 8y} Yjm JO1JUOD JOU Op SBSN pue| 8inyny pue JUa.LInd Jey) ainsua 0} paysiajem Siy} Ul pajonpuod aq
pINOYS Salpn}s |euolippy "9@2Jn0sal Jajempunolf ayy ‘ybnolayy pue ‘oy Jajem Jo mojy ayj bunoaye siojoey |eaisAyd
ay} Ajuo siapisuod Jayempunolb jo Ayjigndaosns oisuuiul 8y (g9l ¥ e9l ainbiq) Ayjgndeosns oisuuiul Mojjeys
ybiy e Buiney se paysiaiemgns ulelq [[UBIp @anua syl Alleau paynuapl sey (500z) ApniS Jejempunols) ay|

salpn)s Ayjiqideosng
JISUlIIU| J8)eMpPUNOIS)

‘suolsioap bBuluueld asn pue| pue Juswabeuew
@oJnosal Jadosd oy pasn oq uUeD UuoleWIOUl SIY} OS pa}e|dwod ©Q JUsWSSSeSSe SIY) Jeyl papusuwwoosl
S1 1| 1eugey ysi Joj soueuodwl JO SWIS) Ul palen|eAd usaq aABY paysialemgns siyl Ul S8sinooiaiem ayl || 10N

uoneolyisse|D JejigeH ysi4

"Juswdojanap Aoljod pue suoisioap Buiuueld ul asn 1oy pue suonesiidde o} piebas ul suoISsIDap pawlojul
ayew o0} uonjewJojul jewndo apiroid pjnom suoneziusioeleyd dibojoaboipAy ajeos paysiaiemgns jo juswdojaaaq

uolneziaioeley)
o160j0ab60.IpAH
paysJajemgng

"sain)ea)
[einjeu Buipunouins ay} 0} speod [edioiunw [eo0] uo suoiedldde jjes peod Jo Joedwl 8y} suiwia)ap o} saljjedioiunw
[eo0] 8Andadsal ay) Aq pelejdwod ag Apnis Jejiwis B ]yl papuawiwodal SI ) aJojaiay} ‘speod [ediounw
[BO0] UO PajoNpuod Jou Sem Apnis Siy) Janamoy ‘speol |euoibas wol) }es peod o} Ajjigelsuina ybiy Agiesapow
e Buiney se peyues usaq sey eale Apnis SNIT anue oyl (5002) Apnis Aupiqessuinp jies s.NIWY ubnoayl

Apmis 10BdW| JBS peoy

(1L00Z HYININ) }INsal e se anuanal ajelausab
Aew pue ‘Ayjedioiunw e ul panssi sywlad Jo Jaquinu ay) 1084e |Im yjog ‘Aemiapun si welboud e jey) aieme aje
Aayy JI uonoe ayeuapun Ajpaioe-oid osje Aew siaumQ “swiaisAs oindes mau Jo uone|eisul ayy Buipnjoul ‘sisumo
Auadoid swos jo ued ay) uo uonoe |eipawal alinbal osje |Im swalsAs ondes pajoadsul Jo abejuadlad e jey
abpajmouy [10UN0d Yim pajeljioe) aq Aew yoeoudde siy] -welboid ay) puny 0} anuaaal [eleuab 1o saxe) Auadoud
wioJj spuny Jo uonedo|e ay} asiopua pue aroidde pinod sjiounod jedioiuniy “welboud e yons 1o} Ajioud pasapisuod
aqg pjnoys Ajjqndaosns oisuujul ybiy e aney eyl asoysaye| ay} Buoje sease ‘aiojaiay) ‘eale Apnis ayj Joj
sjuaAs o1iqnd je sjuedioiued Aq uiaoUOD B Se paljuspl usaq aAeY swalsAs ondes paulejuiew Aadoidwi Jo Ayne

welboid uonoadsu
-9y WwalsAg ondeg

"PaBUOISSILIWOSBP dle sWwalsAs pauopuege jey) ainsus o0} pue ‘Aluadold Buluonoun) ale swalsAs
ondas ajeaud 1ey) ainsus 0} pajuswsaldwi pue padojaasp aq pjnoys welboid Buipuny pue uoiieonps walsAs ondas
Vv ‘Aljenb Jajem 0] jeaiy} umouy e ale swalsAs ondas pauopuege pue swalsAs ondas Buiuonouny Apadoidw)

welbouid Buipun pue
uoneonp3 walsAg ondag

‘(sesn pue| bunieiedas 1o 8sinodJ81EM 0) JUBdE(pE
‘6°9) uoneoo| Jisyy uo Buipuadep suysuaq pue suonouny Jo sbuel apim e apiaoid siayng ‘Ausdold uo siayng
UOIBAISSUOD pue ueLiedll 9A1308))9 JO 8oUBUSIUIBW pUE JudsWYSI|ge)sa ay) Jo} saxe} Auadoid uo uondwaxa |enued

welboud aAuaoU|
xe] Jayng ueledry




NOILLVANISNOD

VIMTIINGT Y vYDViNn

A

\.

N
o LT
\:Bpere Dip 3

} g -

'!

Sitver Bay Rd

]

| Brookti®ia Rd.

L6l

ealy Apnyg ABajes;s uoljelo}say paysiajemgng uieiq ||dUBIpn (62 @1nbi4

o

—! "

=
=N
M

w 1
- -
-

(SRR ]

e Y8 s ——

sadey W
oxumspulig TN am e
BNETE HITIINY A pee—

amewy D el o

!l).: £30) ey P TN

PP reG mhary

<
e - - i
: .! '”W .QCW: IUSRT Sy
3 ;
S— ' - -
- '\ -
pse3 15 Alejr
- . ~A
&
&
(3
£ =
. Bl
. s = -
N CERRCr ) J AL mdbuw..
LI TR AR | 4 N U;E&
FEECES
w2 /
;“% Ly \.
» :
-o’ 3 : . o
. L g_
: J - i A
.h\ AL
# om * L : 3

paysiaremqgns uieiq [jaubim

wdmmwm\:m UOJ1RI0}SBY

O 2B |y, iy N
200 Wt ISNY T b, ey .
—— .y Lo e N,
~n TN Ty
N I TN ] Pt TT E  — —
e ) T e—
postan
- /
e ! —
— : M IS Al
= Huge™ |
" ' » : 4
AN | A p | /8 A
PRI A 0o ;o . ‘
0T X w
L S : : : 3
o : —— = §
- r . ¥ = ' U.. i
g . .
P ;» Y-
o . ¥
& A s )
F10)
L

i oIy h
£ juow ;coom ,
Q & u ‘QQ 05y - A .l-

NV1d AIHSHILVM FHOHS HLHON 3143 IMVT



Beaver Dam Creek Restoration Strategy

The Beaver Dam Creek subwatershed is primarily drained by municipal drains; Beaverdam Drain.
The final extent of the Beaverdam Drain before it outlets to Lake Erie is a Class C Drain, the
remainder is classed as Class F. The watercourses in this subwatershed have not been evaluated in
terms of importance for fish habitat.

Water quality sampling conducted at the outlet of the subwatershed indicates a water quality index of
Poor and a BioMAP rating of Impaired. Factors affecting water quality include nutrient enrichment
from upstream urban and agricultural areas and a lack of riparian buffer (NPCA 2010). Promotion of
the NPCA'’s education programs pertaining to agricultural best management practices and water
quality would be beneficial for the landowners. These programs also include information on sources
of funding for environmental projects on private land to encourage adoption and implementation of
best management practices.

Geomorphic assessments were conducted at four sites within Beaverdam municipal drain. Bank
instability was identified at all four locations and some of the field sites had relatively deep
unconsolidated sediment deposited along the bed. Excessive sediment deposition can cause
problems in the watercourse, such as lateral channel adjustments, increased turbidity, filling in of
pools, and impacting fish habitat (NPCA 2009b).

Land use in this study area is primarily agriculture with a strip of residential along the lakeshore and
rural residential scattered throughout the study area. There is one golf course in this portion of the
study area; Emerald Pines Golf Club. By integrating golf course management practices with wildlife
management, such as incorporating enhanced natural areas into the landscaping, golf courses have
the potential to offer a wide range of habitat for wildlife. In addition, encouragement of
environmentally responsible maintenance practices, if not already adopted, will be beneficial to water
quality and the aquatic habitat.

The MNR has identified the Lake Erie shoreline in this area as fowler’s toad habitat, a federally and
provincially threatened species, of which Niagara is one of only three areas in Canada where this
SAR is found.

In terms of natural heritage features, Humberstone Marsh provincially significant life science ANSI
straddles the northern boundary of the study area and the southern portion of the subwatershed is
home to Beaver Dam Creek Wetland Complex PSW. The fragmented pattern of numerous wooded
areas scattered throughout the subwatershed offer ample of opportunity to create ecological
corridors linking fragmented natural areas with the larger core areas. The establishment of riparian
buffer corridors will play an important role in linking fragmented natural areas throughout the
subwatershed. In addition, ample of opportunity is present for filling in gaps of existing natural areas
creating a larger contiguous natural area that would support a wide diversity of flora and fauna.

Like Wignell Drain subwatershed, the challenge of the Beaver Dam subwatershed is the
establishment and preservation of riparian habitat when maintenance activities are necessary on the
municipal drains to facilitate in proper drainage of the agricultural fields. Incorporation of best
management drain maintenance practices are also recommended for this subwatershed, if not
already being undertaken, such as minimizing bank disturbance or leaving one side of the drain
covered in vegetation.

The Beaver Dam Creek P.C. Subwatershed Restoration Strategy identifies three zones with specific
stewardship and restoration recommendations (Table 19 and Figure 30).
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Oil Mill Creek Restoration Strategy

Oil Mill Creek subwatershed is primarily drained by municipal drains; Oil Mill Creek Drain is a series
of Class F drains. The watercourses in this subwatershed have not been evaluated in terms of
importance for fish habitat and the NPCA does not conduct water quality sampling in this portion of
the study area. However, the MNR has identified the Lake Erie shoreline in this area as fowler’s toad
habitat, a federally and provincially threatened species, of which Niagara is one of only three areas
in Canada where this SAR is found.

Geomorphic assessments were conducted on 2 sites within Oil Mill Creek Drain. Both of the sites
had areas of bank instability but only the upstream site had relatively deep unconsolidated sediment
deposited along the channel bed. There are a number of small tributaries entering the main channel,
as well as bare soil exposed along the banks. These two factors may be contributing to the
sediment along the channel bed (NPCA 2009b).

Like most subwatersheds in the study area, land use in Oil Mill Creek is primarily agricultural with
some strips of residential areas and a public along the shoreline; Humberstone Centennial Park
Beach. Large sections of watercourse flow through agricultural fields with little to no riparian buffers.
Promotion of the NPCA'’s education programs pertaining to agricultural best management practices
and water quality would be beneficial for the landowners. These programs also include information
on sources of funding for environmental projects on private land to encourage adoption and
implementation of best management practices.

In terms of natural heritage features, numerous wetlands and wooded areas are scattered
throughout the study area offering an abundance of opportunity for linkage and ecological corridor
creation. Like other subwatersheds a challenge of Oil Mill Creek will be the establishment and
preservation of riparian habitat when maintenance activities are necessary on the municipal drains to
facilitate in proper drainage of the agricultural fields. However, these riparian habitats are important
linkages between natural areas.

The Oil Mill Creek Subwatershed Restoration Strategy identifies one zone with specific stewardship
and restoration recommendations (Table 20 and Figure 31).
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Bearss Drain Restoration Strategy

Like several of the subwatersheds along the Lake Erie shoreline, the Bearss Drain subwatershed is
drained predominately by a series of municipal drains; Neff Drain, Bearss Drain, Silver Bay Drain,
and William-Michael Drain. Bearss Drain and Silver Bay Drain are both Class C municipal drains and
Neff Drain and William-Michael Drain are Class F Drains. The main channel and some of its
tributaries have been classified as important fish habitat. The remaining watercourses in this
subwatershed have not been evaluated in terms of importance for fish habitat. The NPCA does not
conduct water quality sampling in this subwatershed.

The NPCA conducted geomorphic assessments on four sites in the Bearss Drain subwatershed.
Bank instability was present at all sites and two of the four sites have relatively deep unconsolidated
sediment deposited along the channel bed. Excessive sediment deposition can cause problems in
the watercourse, such as lateral channel adjustments, increased turbidity, filling in of pools, and
impacting fish habitat (NPCA 2009b).

Land use in this study area is a mix of agriculture, rural residential and seasonal residential along the
shoreline. Empire Beach Backshore Basin Forest PSW and Life Science ANSI are located along the
Lake Erie shoreline and numerous wetlands and woodlots are scattered throughout the
subwatershed. Several SAR have indentified by the MNR in the Bearss Drain subwatershed,
including the endangered prothonotary warbler, the threatened fowler's toad, and the cerulean
warbler which is a species of special concern. In addition, the MNR has identified Lake Erie’s
shoreline in this area as habitat for the fowler's toad of which Niagara is one of only three areas in
Canada where this SAR is found.

The scattered arrangement of natural features in this subwatershed provides plenty of opportunity for
infilling between natural areas and corridor creation providing linkages between features. Like other
subwatersheds a challenge of Bearss Drain will be the establishment and preservation of riparian
habitat when maintenance activities are necessary on the municipal drains to facilitate in proper
drainage of the agricultural fields. However, these riparian habitats are important linkages between
fragmented natural areas.

The Bearss Drain Subwatershed Restoration Strategy identifies two zones with specific stewardship
and restoration recommendations (Table 21 and Figure 32).



Buipus)xa eaJe Apn}s JO BpIS UIS)SOM
Buoje 1sa104 uiseg aloysyoeg yoeaq
andw3 Jo saxa|dwoo pajuswbel)
usamjaq "6°9) seale [einjeu usamiaq
BUNE} pue BIOJ} JO JUBWSAOW 8y} Ul
Buneyijioe) seale |einjeu pajuswbely
usamjaq sabeyul| [ea16ojooa

1o uoneasd o} Aylunuoddo =

BUNE} pUE BIO}}

10 Alisianip Jable| e yoddns 0} Ajjige
seale |eJnjeu a8y} 8dUByuS P|NOM
yolym snonbnuoo Jabie| bunesio
Jo/pue ‘azis Jousjul Buisealoul
‘auoz uonoun4 [eonu) e Buipinoad
ISNV uiseg aioysyoeg yoeag
alidwg Buipunodins JuswsduByud
pue Buijur Joj Ayjigeyns ybiy Aien =

ul seale abieyoal Jajempunolb
pue siloAlesal abelo)s

pOOJ} [BINJEU SB SPUB[}oM MU
ysijgeisa Jo Buisixe aoueyus =
spaysJalemgns juaoelpe pue
seale |einjeu pajuswbely usamiaq
sabeyul| |eaibojoos Bunealo
sas.InooJajem Buoje uoneloisal
ueledi-pue|}om o} pue puepapn
ulelq ssiesg ‘MSd Pue |ISNY
1s8104 uiseq aloysyoeq yoeag
anidw3g Buipunouins Ajjigelns ybiy
Alan sajeoipul buiddew Ajjigeuns =
seale |einjeu

pajuswbely Bunjul Ayjigenns
uoneJsolsal puepam-uenedu ybiy =

0] Jo1em 8y} |00D pue ‘sesn pue|
jusoelpe Wolj speo| JUBUILIBIUOD
pue Juswipas aonpal

01 djay |im siayng ueuedl =

duys

Jayng ou 0} 9j)| Yyum sAempeol
ay) buoje pue spugj| |einynoLbe
ybnoly) uns sesINooIB)EM BY) =
uenedu Bunsixs ou 01 /||

yum seale Ul siajng ueuedu Jo
JusWYsI|geIS® Uo g p|noys shooj
alojaiay) ‘1eliqey ueledl ou 0}
81| YIM 8SIN0oJ81EM JO SUONOSS
abie| ase aiay} Janamoy ‘seale
|einjeu Juaoelpe wolj J8A0D
|eied aAlg0a) S8SIN0JISIBM =

alIg ayje
0} ¢ AemyBiH jo yinog g

sabeyul| |ea160]029 Jo uoneald

8y} pue seale [einjeu Buisixa

1O JUBWAOUBYUS UO 8q p|noys eale
Apnis ay} jo uoiod Siy} Ul SNo0) =
(yenqey

Bunseu "6°8) eune} pajeloosse
-puB}oM JO} SUOIOUN} [BDNLID JO
Kyouen e 1oy apinoid |im sIyl S, MSd
Buipuno.ins auoz uonoun4 [eonD
e Buneals ioy Aupgenns ybiy =
ainjes} Jo 8zIs Jousul Buiseaoul
Buijipur Jo sabeyul [eaibojoos
Buneald paysiajemgns juaoelpe
ojul Buipuajxe ‘eale Apnis Jo uoiod
uJs)ses pue uisysam Buoje seale
|ednieu Buipunouns uoielosal
pue|dn Joy sisixa Ajjigeins ybiy =

dew

99S :UOI}BalId puB}aM Jo} 8|qe)ns
seale snoJswnu sayuapl buiddew
A)I|Ige}INS UoneIO]Sal puUBjaM =
seale |einjeu pajuawbely

Bupjui uonelolsal uenedu
-puepam Joy Ajjigenns ybiy Alon =
spayslalemqgns juaoelpe

ojul Buipuaxe yjoq xajdwo)
PUBJIBAA }SOMUYINOS duoisiaquiny
‘xo|dwo) puepap uleiq

sieaqg Buipunouins sdeb ui Bulji
pue juawaoueyus Jo} Ajjigeyns
ybiy Asen sayuapi buiddew
A)I|IgE}INS UONBIO}SA PUB}OM =
(saniAnoe |einynoube

9y} puUe SpuUEj}oMm dy} Usdam}aq
sSQnJIys pue saaJ} JO Jayng e a)eald
B 9) spuepam Bunsixs j09j0id =

(suonepuswwodsas anoeid JINg
abeulelp pue uodal sieaulbus
0] JaJal1) SaljIAl}0e 8ouBUSIUIBW

ainjn} JOpISUOD P|NOYS SIOPLIIOD
uenedu Jo Juswysligelsa
alojelay) (sgnuys g sesselb
pajool desp "6 8)sulelp |edioiunw
se pabeuew ale sosIN0JId)EM =
aJi|p|im Joy Janod Buipinoud seale
[einjeu pajuawbedy Buoauuod
sJopulod Buizeald ajiym jejgey
ysij pue Ajjenb ieyem soueyus

0] J9}em 8y} |00D pue ‘sasn pug|

Juaoelpe wolj speoj JUBUILIBIUOD

pue JuawIpas aonpal

0} djay [m slayng ueuedu =
duys Jaynq

ou 0] 31 yum Aempeol buoje
pue spue| |ednjnoube ybnouy
unJ siajempesy auyj ‘jeliqey
Jayng uenedu Bulysijgelsa
uo paoe|d aq pjnoys Ajuoud =

uoibal Jajempeay :uieiq UaN
pue ¢ AemybiH Jo YuoN 'L

sabeyui [ea1bojoog pue puejdn

pueam

uenedry

sa169je1)S UOIJRI0)SOY POapUSWILIOIY

saniunjoddQ uonjeloysay

ABajen}s uonjelo)say paysiajemqng uieaq ssieaq :1.Z ajqel




8q UBd paq [auueyd sy} Buoje Juswipas Jo uole|nwnode ay) bulojuol (d.661 YHAVINO PUE /661 YH4VINO)
sooloeld Buiddoso pue abejn Jedosd pue ‘sioino abeulesp 9| ‘sAemids anyo ‘sAemisiem passelb apnjoul
so|dwexa swog ‘pajuswadwi 8gq p|NOYS 8sIn0dJajem 8y} 0] juadelpe s|ju Jo jJusawdojaasp Jayuni Hwi pue
anaud 0] sjo8fold “Syueq [puueyd ay} Jo} Alljigels alow apiaoid |[Im BUOZ Jayng ay) ulyum salnads jueld aAieu
10 Alsianip pue Ajaliea ay) Buisessou| -edojs [suueyo pue ‘lemod weans ‘Al00jA pasealoul 0] anp SWILBAO
Answosab |suueyo ay) abueyo ueod sIy] ‘[BUUBYD BY] Ul pauleluod sI Mojl 8yl uiyum ABleus say) ‘elojalay ]
‘ule|dpooj} ay] 0] SS822e OU 0} palwi| BuiABy Sleiem pooj) Ul S)Nsal Yolym payousdius Ajsjelapowl 0) payousijue
S| 9)IS p|al} SIY] 1B 8SIN02Ja)eM BY) 1Y) 8)BJIpUl SUOIJ08S SSOJO [SUUBYD 1B USYe] SJuswalnses)) UoNoLISuod
|ouueyo e palepisuod aq Aew [el] diyspusii4 8yl 1B LUBAND 8ay| ‘esinoolsiem ay) Buoje 1sixe S| Algissod
pue saLeINgL] [[BWS JO Jaquinu Yy 'Seale aWos Ul asusp AjaAle|al Ing [[ews SI YIpIM Jaling 8y "S)ueq jnalspun
pue “jueq ay} dn Buipuaixa |10s aleq Jo w0} 8y ul Juasaud si Ajjigeisul yueg “paq |auueyd ay) Buoje payisodeap
S| Juswipas pajepljosuooun dasp AjpAedy paq ayy Buoje sapyll suiejuod eyl ays Apnis Ajuo ay) ospe si
ayIs syl ‘aus Apnjs ayj Jnoybnouy) spuaq |[euwS pue SUoeWLO) Jeq awos ale a1ay) Ing pazijguueyd usaq sey }
‘ulelq ssJeagq ‘ulelp |ediolunw e se pabeuew S| 8sInoolslem Jo uonoss siyl (qinag) peoy poomapiApm 2

‘Juapusiuadng abeurelq ay} Yym passnosip aq
pINOYs suoljepuawwogal ||y ‘8sinoosaiem ay) Buoje ajeigalaAul pue ‘s)oasul ‘ysl) 10l 1ejigey pue I1aAod spiroid
[IIM 8UO0Z Jajng 8yl uiyim seloads jue|d aAneu Jo AlisiaAlp pue Alalien ay) Buisealou| "8IS pjall siy) 1e pajue|d aq
pinoys s)ueq Apues azijigeis ueo 1ey) uoneyebaa aaneN ‘senssi Alljenb Jsiem Aue suiwislep 0] paysleiem siy)
ul parejdwos aq pjnoys Bunsal Ajljenb Jsjep) “[@UUBYD Y] Ul pauleluod si Mojl 8yl ulyiim ABisus ay) ‘esolaisy |
‘ure|dpooj} 8y} 0} SS820E OU 0} pajwl|l BulAey Sio)em POOj4 Ul S}Nsal Yolym payoualjua Ajojesspowl si a)Is plol}
SIY} Je 8SIn0oJalem 8y} 1ey} 81edIpul SUOI0SS SSOID [SUUBYD JB Uaye) sjuswalinses|y "g00Z Ul USIA a)is e Buunp
palou alom 9oeLINS I9)leM dYl UO Udays Ajl0 ue pue Wiy umoig e ‘eebly 8ys p|al} 8y} Inoybnouy) jussaid Jsjem
ueubels s| a1ay) 1ng 1sixa sjood ON “S)yuUe(q JN2Japun JO WIOo) 8y} Ul jJussald si AJjigeisul yueg ‘8l ayeT ojul
19[IN0 8y} Jeau |auueyo a8y} Jo sapis Yjoq Buoje s)sixe ainjondis uonoslold yueq Y ‘[auueyd ayl ulyym AjsSIaAlp
MOJ} B[})I] 81edIpul yolym pag ay) Buoje sainies) |euonisodap Aue s)oe| pue pazi@uueyd usaq sey | ‘ulelq
ssieag ‘ulesp |ediolunw e se pabeuew S| 8SIN02J8)EM JO UOIDSS Sy :(enad) aul@ioys alg aje] |

(6002
VOdN) Apnis juswissassy
olydiowoss) aioys

YLON 813 9%eT VOdN

spue 2jeAlLld pue 2ijgnd 10} UOI}0y Papuawilioddy

sapiunyoddQ 30afoid

sjoeloud ||e 1o} pasn aqg p|noys saloads aAljeu pue ueluljole)
sel0ads alel Ajjeiouinoid pue ysiy Je seloedg 1jeuag ‘e|qissod aloym pinoys seinsesw Uolelojsal ||y =

(suonepuswwooal

dINg obeuielp pue uodal
sJoauIbus 0} Jajal) SaljIAloe
aouBUdlUIBW 81N)N} JOPISUOD
pinoys(sgnuys x sasselb pajoos
deap '6°9) sioplI0d ueuedu

1O JuBWYsI|geISe aJ0jalay)

dew aas :uoljealO puB|IeMm 0} sulelp |edidiunw se pabeuew
a|ge)INS Seale snoJawnu salijuapl Ued ul ale sesinodJs}em =
Buiddew Ayjigeiuns uoneloisal alg
puejiam JwJiad abeulelp [0S pue aye o} Buns|no alojaq jeliqey

(pays.ieremans jusoelpe ojul X8pul SSeU}aM 8y} 8Joym seale ysiy pue Ayjenb isjem soueyus




Aue pioae 0} pajg|dwod 8q pjNoys uonenwnode juswipas jo bBuuojuow wud) Buo] -1euqey ysy Bunoedwi
pue ‘sjood Jo ul Buny ‘Aupigin] pesealoul ‘sjuswisnipe |guueyo [eisle| S yons ‘esinodssiem ay) ul swsjqoud
asneo ued uonisodep juswipss aAlsseoxg Auedold jusoelpe ey Buoje psjuswe|dwi oq pnoys bBuipsess pue
‘sjoyue|q |0J1U0D UoIsole ‘BulpelB-al adojs se yons sainseaw uonuaAald [|Iy "8lS pjall BUO 1e paljjuspl AjJuo sem
[auueyo ay) o} Jusoelpe saljnb/s||u Jo Aljigissod ay] “peq |auueyd ay) Buoje pajisodep Juswipas palepljosuooun
desp AjoAnelal aAeYy S8)IS JNOJ 8] JO OM] pue S8lls plall 8y} Jo ||e 1e 1usasald sI Ajjigeisul yueyg ‘uieiq [SBYDIN
-WEelIA 9Y} UIYyIM SI 8)IS pJiy) B pue ulelq ssleag ulelp [edioiunw pajeubisap ay) UIYlIM a1e S8}Is Inoj 8y} JO OM |

"Mueq ay) 9zljige}s 0} MO|j|eysS 00} ale S}00. aAlje}aban
1eyy sajeolpul Ajlensn Buidwnis yueq jo aoussaid ay| ymolb uonejebon wealis-ul dAISSaoxe juanaud
pue |auueyd ay] JaAo Janod Adoued sy aseauoul 0} sI Ajjiqissod Jaylouy pazis Ajglenbape LeAIND oy}
pue jjingaJ aq p|noys BuissoIo ay} usy) Si )l JI pue |puueyo ay) Buiolisuoo jou si Buissolo ay) eyl pawlijuod
8Qq p|noys 1| "8ls p[all SIYl 1B |suueyd ay) ybnouy) Jeiem Jo Mojl 8yl aousnjjul o1 Bulob elie siojoe] essy)
JO IV ‘|euueyd ulew ay) Buueiuse si Jeiem Aleingly ay) se dn-)oeq mojl aq [|Im aJay) Buipooy) si jpuueyo ay)
usym pue alIs pjal) SIY) 0] 8S0j0 SI ulel ssleag Jo youeig ulew ay] ‘|suueyd ayl ybnouyy Jejem Jo mojl eyl
Bunolsuod aq Aew 1Y) SUSAIND € SUIRIUOD Jey] Buissolo e os|e sl aiay| "S|ieneo pue sasselb Buo| sepnjoul
yolym ‘jauueyo sy} ulyum sisixa uonelsben ssusq ‘Auadold |enuspisal Jusoelpe uo Bulpooy) 0] snp Jaumopue|
e Agjuieldwoo e sem alay] "paroeduwl aq [|IM Weas ay) JOA0 Bulpeys pue jeligey aiojaiayl pue yueq 18| ay)
Buoje jus)sixa-uou si d)s siyy Buoje Jayng uenedu ay] -yueq ayj dn Buipusxa |I0S aleq pue ‘S)yueq JndJapun
‘Buidwinis jJo wuio} 8y} ul AJjIgeisul yueq awos si aiay| ‘ulelp |ediolunw e se pabeuew jou S| 8)Is plal} SIY}
Buoje asinoosalem 8yl “[aUUBYD BYl UIYIM AJISISAIP MO} S[1}1] 81B2IpuUl YoIym paq weal}s ay) Buoje sainjes)
[euoiyisodap Aue S)oe| pue pazi|duueyd Usaq Sey 9SIn0dJa}em 8y} Jo uonoss siyl (qlrag) ¢ AemybiH v

‘Juspusjuiadng abeulelq 8y} Yum passnosip g piNoys SUOiIEpuawWwodal |y “Yueq 8y} az1|igeis 0} MO|[eys
00} ale Ss]00J dAle)abaA Jey) saiedlpul Ajlensn Buidwn|s yueq Jo aouasald ay| ‘pazis Ajgienbape LaAINd ay) pue
1ing AjJedoud aqg osje pjnoys Buissolo ay| ‘jauueyd ay} ybnoly) Mojy Uued Jajem jeyl 0S LUaAIND a8y} WOl PpaAoW
8g p|NOYS S)00. pue suga ‘8sinodlajem ay) inoybnoly) sdely Juswipas Jo asn ay} Aq auop aq ued pag [suueyo
ay} Buoje juswipas Jo uoneNwnooe ayy Buuojuopy “senssi Ayjenb Jajem Aue aulwislep 0} paysiajem Sy} ul
paje|dwod aq pinoys bunsay Ayjenb Jajep) -8sinoolaiem ayy uiyum juasald ssew pal Aabuelo ue osje sem aiay)
HOAIND paxo0|q a8y} Jo weassdn "g00Z Ul HSIA 8)is e Buunp asinodlajem ay) Jnoybnoiy) pailusapl Sem aoeuns
Jajem 8y} uo usays Ajlo uy -ays Apnis ay} 1noybnouy) jussaid ate swel sugep Jo Jaquinu ablie| y  |duueyd
ay} ulypm juasaid uonejaban oljenbe ou si aiay) a)is pjal) 8y} JO 1sow Jo4 “wealysdn uonisodap pue swajgqoid
MOJ} BSNED [[IM YIIYM SOpIS WEAIISUMOP pue wealsisdn ay} yjoq uo HUSAIND pPaydo|q B SBY [dUuueyd 8y} JOAo
Buissouo Jlews ¥y "paqg [puueyo ay) Buoje pajsodap si Juswipas pajepljosuooun deap AjpAnedy -buidwn|s pue
jueq ay} dn Buipus)xa |I0S 2Jeq JO w0y ay} Ul Juasald s Ajjigelsul yueg ‘[uueyd ay} UIyIm ALSISAIP MO 3|1l
2]e2Ipul Yolym paq wealls ay) Buoje sainjes} [euoljisodap Aue syoe| pue pazijguueyd uaaq sey }| ‘uielq |9eydI
-WellIpn ‘ulelp jediolunw e se pabeuew S| 8SIN02JaJEM JO UODdS SIYl :(el@g) uddjuaAag auejadl{ €

‘Juspusiuledng
abeuieiq 8yl YuM passnasIp 8g PINOYsS suoljepusliwodal ||y ‘pezis Auedosd si jiedy diyspusu4 eyl
1B LIBAIND 8y} Jaylaym paulwlslep ag pinoys }| 'esinoolsiem ay) inoybnoiyy sdely Juswipes Jo asn ay) Aq sauop




pue jJo aleme apew aq p|NOYs slaumopue| ‘uonippe u| ‘pajowold AjpAIsuaixe aq pinoys saonoeld juswabeuew
1s8q |ednynoube pue |einl JO s|BUSQ By} Inoge sisumopue| Buneonps e pawie welboid SyYOAN Oyl

so0ljoeld Juswabeue)y
1seg |ein)nouby

‘000°01$ 4o Bujied juelb e yum jo0ofoud e Jo 1509 8y} JO %G/ JO wnwixew e o0} sjuelb Buipiroid Aq
Auedoud sy uo 1euqey puepam Buneald pue Buneyljiqeyads ‘Bunosold ‘Bulioisal ul pajsalaiul ale jey] Sisumopue|
1sisse 0} swie welboid Juawanoidw] Alenp Ja1epn S.YOdN Ubnoayy weibold 3| YLOAA 848 Spuelap) ayl "leiem
ssooxa Buigqiosqe pue sabuods juelb oy Bunoe Aq Buipooly eonpal 0] Buidjoy pue swasAs uoel)|l} [einjeu se
Bunoe ‘moj} mo| Bunuswbne Aq paysieiem e ul suonounj [eoalbojoos pue Aljenb Jejem juenoduwi apinoid spuepspp

weJsboid
3 YHOAA 8Je Spuefjopn

"000°01$ pue 000‘2$ usamiaq sdeds yum joafoud e jo

1800 8y} JO %G/ 10 wnwixew e o} sjuelb sepiroid welboud siy| "weiboid wswaroidw] Ajienp Jarepn s.Alloyiny
uoljeAlssuo) ay) ul sjedioned o) pefeinoous pue Jo aleme spew 8g pjNoYs SisuMopue| ‘uonippe uj ‘pajowo.d
AJoAIsuaIxe 8q pjnoys sesinooisiem Buoje SauU0z Jaynd Jo sjjeuad ay) Jnoge sisumopue| Buneonps je pawie
weiboud s,¥yDdN 9YL "MeaJo ay) Jo abps ay) 0) sdoto Jue|d Jo painoiuew sanadoud diey) desy sisumopue| Auepy

weliboid
uoneonp3 Jayng ueuedry

"sel0ads Jo abuel apim e 1oj AlIsiaAlp |eo160j0ds pue 1eliqey apiroid se [|om se
seale |elnjeu UsaM)aQ BuUNe) pue BIOJ} JO JUBWSAOW 8ouByuS 0} |enuajod ay) aABY Seale yong "sainjes) |einjeu
snonbiuod Jabie| Bujeald seale |einjeu usamiaq sabeyul [ealbojoos Buneald oy juasaud si jenusiod Ayunuoddo

sealy |eJnieN usamiaq
sobeyul |eo160j02]

‘Aljigndaosns oisuliul mojieys ybiy e yum seaie
Ul SpeOJ pue SpeoJ ulew 0} pajoalip 8q pjnoys uoisuedxs welboud Jo snoo4 *(sduys Jaynqg ‘6-8) syyeuaq |ea160j0os
snoJawnu Buipinoid 8[Iym [0J3UOD UOISOIS pue Paam apISPEO. o) dAljeuId)e Juswabeuew punos AjjejuswuodIAUS
‘DAoaye-1s00 B aonpoud 0} sanbiuyos) uswaebeuew ajendoidde yum uoneleban aAijeu Jo asn ay) sajelbajul
NAY| "weiboid NAY] S.uoibay eiebelN puedxe 0} Jeyebol yiom pinoys sanijedioiunw pue uoibay elebelN

welbold (INAYI)
Juswabeuely uonelabap
apispeoy pajelbalu|

"Bale 8y} Ul WslINo} 8sealoul
0] |enuajod 8y} aAey sayoeaq be|4 anig “Aj|jeqolb umouy sI pue (eo Bejan|g) sadlnles pue Ajojes pue uoiesnpa
|eluswuoliAue ‘Juswabeuew |eluswuoliAnue ‘Ajjenb usjem 0] j1oadsal ypm splepuels ybiy syesw sniels bHej
an|g ‘snieis yoeag be|4 an|g spJemo) dJom pue sanssi Ajjenb Jajem ajebiiw o) saouabe Buusuued yium MIOAN

seyoeagqg Be|4 en|g

‘sainseaw uonoslold suljeloys pue sesseoold |einjeu usam)aq aoue|eq
e puly 0] palolsal Jo Ajjeinjeu paulejuiew usaqg aABY ey} auljeioys ajowoid o) siepjoyayels Buusuyed yyim Yo

diyspiemars
auljaJoys poos) ajowold

‘| xipuaddy 0} Jajal ‘sainseaw uonebiiw JiNg Juaiind Jo sajdwexa malAal 0] "sulelp
10} s@onoeld Juawabeuely }s8g Ylm a0UBPIOIDE Ul BUOP 8g P|NOYS 8SIN0JJaJeMm SIUY} JO @dueudjuiew aininy Auy
"ulelp ayj 0} Bujuinias wolj Juswipas jJuanaid 0} pue swalsAs dnenbe 0} syoedwi |e2160j008 8onpal 0} AJunwwod
|leanynoube ey} pue ‘0440 ‘OVSA ‘Y40 ‘OuEUQ uoneAdsuod ‘YN ‘O4d ‘VH4VINO ‘selouabe Buimojoy
By} ‘0} paywi| Jou INg ‘YUM UOIB}NSUOD Ul padojeAap 8g PINOYS SdUBUSUIEBW UIEIp IO} S8dljoeld juswabeue|
1seg -ulelp ay} ul Bulurewsas pue Buusius juswipas JO junowe sy} Buionpals AQ sjueAe sdoueuSUIBW USBM)B(
awrn ayl uaylbua| Ajenusjod ued suleip BuizijeinjeN -SaniAjoe @oueusjuiew pajeadal ybnouyy Apsod aynb
awoo9q 0} |enuajod ay) sey adoueusjulew uledp ‘ejigqey uenedu pue onenbe uo joedwi ue Buiaey 0} uonippe Uj

saoljoeId
swabeuep 1sag ueiq
pue suielq BuizieinieN

‘Juspusulledng
obeuleisg 8yl yum passnosip oq p|NOYS suojepuswiwodal ||y Alesseosu jI paoejdes pue painsesw 9q
pINOYS SUBAIND 8y} 8l0jalay) pue asinoolajem ay} Ul swajqold Mol 8sned ueod siy| ‘[auueyd ay) Buiouisuoo aq
Aew jey) sUaAINo uleyuoo Ajjenusjod asinooajem siy) Buoje sa)is plol) 8y} Jo 9aly| ‘paysiaiem siy} ul payajdwod
8q p|noys Bunsa} Ajjenb Jsjep)  Hound wWody 8sinoolalem 8y} Jsjua Aew yoiym syueinjod pue juswipas o)l
0] djay osje |Im 3] ‘syueq ay) Buoje |10s ay) azijige)s 0} djay pue ‘jejiqey ‘1enoo apiroid |im saioads jueld aAljeu
Jo Auslanip pue Ajauiea ay) Buiseasou] -sdesy Juswipas Jo asn ay) Aq sauop aq ued siyj pue swajqoid jenusiod




pasodoud pue (500z) ApniS J8jempunols) syDdN Yl lo ued se seale o|qideosns Ul s82Jnosal Jalempunolb
10 uonoajoid By} Yjm JO1JUOD JOU Op SBSN pue| ainyny pue Jua.ind Jey} ainsua 0} paysialem Siy} Ul pajonpuod aq
pINOYS Salpnis [euonippy "82Jnosal Jajempunolb ay) ‘ybnoay) pue ‘o) Jaiem Jo mojs 8y} bBunjoaye sioye) |eoisAyd
ay) Ajuo sepisuod Jajempunolb jo Aljigndeosns oisulul 8y (qol @ B9l ainbiq) Aujiqndeosns olsuliul mojjeys
ybiy e Buiney se paysiaiemgns uleiq ssieag ay) jo uonuod abie| e paynuapl sey (500g) ApniS J81empunols) ay|

salpns Agndsosng
2ISULU| J81BMPUNOIS)

"suolsioap buluueld esn pue| pue Juswabeuew
@oJnosal Jadosd Joj pesn og Ued uonewlojul SIY} 0S pojojdwod og JusWSSesSe SIU) eyl pspuswwodsl
sl 1] “Jelnqey ysy Joy souenodwi Jo SWIS) Ul pajenjeAs Usaq ARy payslojemgns SiU) Ul S8sInoolalem ay) ||e JON

uoneolyisse| JejigeH ysi4

‘Juswdojanap Aoljod pue suolisiosp Buiuueld ul esn Joj pue suoneslidde o) pielal Ul SUOISIOBP pauLIoUl
@)ew 0} uonewlojul jewndo spiroid pjnom suoneziieloeleyo o16ojosabolpAy ajeas paysisiemgns jo uswdojeasg

uonezusioeley)
2160]0860.1pAH
paysiolemgng

‘saines)
[einjeu Buipunouins ay} 0} speod jedidiunw |20 uo suoneoldde jes peod jo 1oedwi ay) sulwis}ap 0} saijedioiunw
[e00] aAndadsas ay) Aq palgdwod aq Apnis Jejlwis B jeyl papuswiwodal SI ) alojalay) ‘speod [edioiunw
[BO0] UO PajONpPuUod Jou Sem Apnis Siy) Janamoy ‘speol |euolfal wol) }es peod o} Ajjigelsuina ybiy Agresspow
e Buiney se payuels usaq sey eale Apnis SNIT a1mue ayl (500z) ApniS Aujqessuinp jes s.NINY ybnodyl

Apnis 1oedw| jjes peoy

‘(L00Z HVYWNIN) }nsal e se anuanal ajelauab Aew pue ‘Ajjjedioiunw e ui panssi
sjwuad Jo Jaquinu ay} 1084e |Im yjog ‘Aemuspun si welboud e jey) aieme ase Aay} JI uoioe ayeuspun Ajanoe-oid
os|e Aew siaumQ ‘swalsAs ondas mau Jo uonejeisul ayy buipnoul ‘sisumo Auadosd swos jo ued ay) uo uonoe
[eipawal aJinbas os|e |Im swajsAs ondas pajoadsul jo abejuadiad e jey) abpajmouy [10UNOD Ylm pajelljioe) aq Aew
yoeoudde siy| ‘weiboid ay) punj 0} anuanal |essuab 1o saxe) Aledold woly spuny JO UOIEDO||B 8y} 8SI0pUd pue
anoidde pjnoo sjiounod |eddiunjy “weldboud e yons Joj Aluoud palepisuod aq pinoys Ajjigqidaosns oisuujul ybiy
B 9ABY ey} seale pue ApnjS Jejempunols) YOdN a4yl ybnouayy sjodsijoy ondes’ se paijijuapl usaq aAey Jey) sealy

welboid uonoadsu
-9y waolsAg ondeg

"POUOISSIWIWOI8P dle sWwalsAs pauopuege jey} ainsus o0} pue ‘Aluedold Buluonoun) ale swolsAs
ondas ajeaud jey) ainsus 0} pajuswsaldwi pue padojoasp aq pinoys welboid Buipuny pue uoiieonps walsAs ondas
Vv ‘Aljenb Jajem 0} jealyl umouy e ale swalsAs ondas pauopueqe pue swalsAs ondes Buiuonouny Apadosdw)

welbolid Buipun4 pue
uoneonp3 wajsAg ondeg

‘(sesn pue| bunieiedas 1o asinoaiaiem 03 Juadelpe
‘6-9) uoneoo| Jisy} uo Buipuadep syjauaq pue suonouny Jo abuel apim e apinoid siayng “Auedold uo siayng
UOIIBAISSUO0D pue ueLiedll 8AI}08))9 JO 8dUBUSUIEW PUB JUBWYSI|qe]sd ay) Joy saxe) Aladoid uo uondwaxs |elued

weibold aAiuaou|
xe] Jayng uenedry

Apn}s Jayng 10} suoijepuUaWIWIOdDY

salpnjg |eloadg

'VOdN 8y} 01 papiwgns ale
SPJ02aJ BUIUOISSILUWOIBP |[9M JBJeM puUe ‘Sad10AUl ‘sidiadal ||e Jaye 1509 108(oid |BJO} 8y} JO %06 4O} pasinquiial
g ||\ pue ‘J0JoBJUOD BY} 0} S0 [Ny 8y} Aed |m Jaumopue| 8y} jey} suesw yoiym ‘weiboisd juswasinquiial
e sl siyl ‘(Apedoud sad sjam g jo pwiy) |om Jad 000‘2$ JO wnuwixew e 0} S}S0d BuluoISSIWWOIdp |[9Mm
10 %06 Jon09 |m suelb panosddy (2002 YOAN) Buiobuo ale 1o payg|dwos usaq aney sue|d paysialem alaym
seale pue ‘s|jam Jajem 213sawop Jo Alisuap ybiy e yum seale ul pajeso| syosfoid ‘seale aAlIsuas AjjeaibojoaboipAy
0] uanIb s Ajuoud "Ajuo sjem Jajem pasnun jo BuluoISSIWIWODBP By} Jo) d|ge|ieAe aJe Ssjuels) “uonalipsunl sy
Jo} 8oe|d ul welboid BuluoissILwodap |[dm e sey YO dN dyl “Jeiempunolb o) aynol 10a1ip e Buipinold Aq s8a1nosal
Jarempunolb o) 1easyl e asod (psjeas pue padded) pauoissiwwodap Auadosd jou ale jeyy s||lem pauopueqy

welbolid Buluoissiwwossqg
[I9M pauopueqy

109loid ay)
uo Buipuadep 000‘ZL$ PUB 000°G$ Usamiag sdes yum josfoid e Jo 1509 8y} JO %G/ wnwixew e o} sjuelb sepiroid
welsboid sy -welbold juswanoidw] Ajeny Jsiepn s.Alioyiny uoneAldasuo) ayy ul ayedionled o} pabeinoous

weJsboid




"uolelo)sal Jo/pue uoneipawsal Joj seale Ajuoud Amuspl djay o) paispisuod
8 p|noys uoneuiweuod jo swuiod [enusjod Jo wesasnsumop pue weassdn spoylew Buldwes psoueyug

Bbuidwesg
Ajlenp Jaje \ o14109dg 8)g

‘pepasu
s| ueld juswabeuew jueUIWEIUOD B JOU IO Jayjeym pue leligey onenbe pue Ajjenb Jsjem aoepuns uo aaey Aew
sjueulweuo9 |enuslod asay) sjoaye a|qissod 8y} ojul UoneBbi}SaAul JayLNny SE ||oM SB PapUSWILLOIa) S| SUONEBIO|
pue s$82In0s jueulweuod |enuajod wuuod 0} Alojuaaul pajepdn uy (G00Z) ApPNIS J81eMPUNOIS) SYDAN dYl 0}
saAI09lqo ay) Jo Wed se paynuapl sem Ajjenb Jajem o} sjealy) pue S824nN0s JueuIWEU0D [eljualod Jo AJojusAul Uy

uonnjjod
92IN0S 1UI0d 10 S82IN0S
JueUIWEUO) |BllUB)Od

"ue|4 U0I}28]0.I4 82IN0S




b B Rk,

&

X

Plampant IBull|:|‘1 Hil r[]' .I I

i

e

| R,

&
! i
| ]

7
LY
1 L
FEI b e N
f 5 '
'|' .
P . .. %
¥ LR e
g |
f | -
j
o]
= ] ml S

6lC

ealy Apnjs ABajeu}s uoijelo)say paysiajemqng uieiq ssieag :zg ainbi4

Iﬂ-hﬂ?ﬁﬂm In_.._.U

LRISL LI

T
W Empirn Ro

gL

\ 5

X .__.._.____...__ :__.._.h_._
Guig

P UOEERI0GDY pUaIng

wm.r

U @
e

o ..” )
. : =
MR Ey] sehiing

EEEEFE:

paysiaiemqns uleiq ssieag

Ty

ABajens :E.Ea.._mmm

NV1d AIHSHILVM FHOHS HLHON 3143 IMVT



Point Abino Drain Restoration Strategy

The Point Abino Drain subwatershed is primarily drained by municipal drain; Point Abino Drain. The
main channel is a Class B Drain and the northern branch is a Class F Drain. The outlet of the main
channel is evaluated as critical fish habitat and the remainder of the main branch and its tributaries
are classified as important fish habitat. The MNR has also indentified the bay at the outlet as an
important fish spawning area. The remaining watercourses in this subwatershed have not been
evaluated in terms of importance for fish habitat.

Water quality sampling conducted near the outlet of the subwatershed indicates a water quality index
of Fair and a BioMAP rating of Impaired. Factors affecting water quality include nutrient enrichment
from upstream urban and agricultural areas. The water quality at this site is influence by backflow
from Lake Erie (NPCA 2010). Promotion of the NPCA'’s education programs pertaining to agricultural
best management practices and water quality would be beneficial for the landowners. These
programs also include information on sources of funding for environmental projects on private land to
encourage adoption and implementation of best management practices.

Geomorphic assessments were conducted at six sites within Point Abino municipal drain. Relatively
deep unconsolidated sediment and organic material was deposited along the bed throughout the
watercourse and bank instability was noted near the outlet. Excessive sediment deposition can
cause problems in a watercourse such as lateral channel adjustments, increased turbidity, filling in of
pools, and impacting fish habitat (NPCA 2009b).

Land use in the subwatershed is a mix of agriculture, rural residential and seasonal and permanent
dwellings along the Lake Erie shoreline, and western portion of the subwatershed where a seasonal
trailer park is located. The shoreline in this subwatershed consists of private and public beaches.
There are several significant natural features located in the Point Abino subwatershed, including 2
identified old growth forests, Point Abino Peninsula Sandland Forest Life Science ANSI, Carolinian
Signature site and PSW, as well as numerous PSW’s and woodlots. The MNR has identified 13
Species at Risk in this subwatershed including for example, the endangered prothonotary warbler,
acadian flycatcher, the threatened fowler’'s toad and eastern hognosed snake, and the grass pickerel
and woodland vole of which both are species of special concern. In addition, the MNR has identified
the Lake Erie shoreline in this area as habitat for the fowler’s toad of which Niagara is one of only
three areas in Canada where this provincial and federal SAR is found.

One of the challenges presented in the Point Abino Drain subwatershed, like other subwatersheds
along Lake Erie, is the establishment and maintenance of sufficient riparian habitat when
maintenance activities are necessary on the municipal drains to facilitate in proper drainage of the
agricultural fields; primarily the headwaters where the watercourses flow through agricultural fields
with little to no vegetative buffer. Existing riparian should be preserved in the lower half of the
subwatershed where the watercourses receive cover from adjacent natural areas.

Ample of opportunity exists for filling in gaps and divots reducing edge-to-interior ratio and increasing
core interior habitat. Plenty of opportunity for enhancement of existing natural areas and the
establishment of ecological corridors is also present in this subwatershed.

The Point Abino Drain Subwatershed Restoration Strategy identifies two zones with specific
stewardship and restoration recommendations (Table 22 and Figure 33).
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Bay Beach Area Drain Restoration Strategy

The Bay Beach Area Drain subwatershed is drained by a Class E municipal drain; Bay Beach Area
Drain. This watercourse has not been evaluated in terms of importance for fish habitat and the
NPCA does not conduct water quality sampling in this subwatershed. One geomorphic assessment
was conducted along Bay Beach Area Drain. Bank instability was present in the form of bare soil
extending up the bank and relatively deep unconsolidated sediment was deposited along the
channel bed.

Land use is primarily residential in this subwatershed, with one large wetland complex in the south-
west portion of the study area and some agricultural areas in the north-west portion section. The
shoreline in this area is a very popular public beach; Crystal Beach.

The MNR has identified a number of Species at Risk in this subwatershed including for example, the
endangered small white lady’s-slipper and piping plover, and the threatened common hop tree,
eastern hognosed snake and fowler’'s toad. The MNR has identified the Lake Erie shoreline in this
area as habitat for the fowler’s toad of which Niagara is one of only three areas in Canada where this
provincial and federal SAR is found.

The Bay Beach Area Drain Subwatershed Restoration Strategy identifies one zone with specific
stewardship and restoration recommendations (Table 23 and Figure 34).
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LAKE ERIE NORTH SHORE WATERSHED PLAN

Overview of Restoration Strategy

The Lake Erie North Shore watershed faces many challenges and its restoration requires a
collaboration of all stakeholders with a vested interest in this study area. As outlined in the
Restoration Strategy, many of the subwatersheds are drained by municipal drains. Therefore finding
a balance between form and function is critical to this study area. The Restoration Strategy identifies
numerous priority areas for the potential establishment of riparian buffer areas. The establishment
and maintenance of riparian buffer zones plays an important role in terms of water quality and fish
habitat not only for the subwatersheds but for Lake Erie. Upstream activities need to be managed in
a sustainable manner as these actions affect not only the ecosystem in its direct and surrounding
vicinity, but Lake Erie and its related ecosystems. In addition, maintaining a healthy shoreline is also
important in protecting the overall water quality of Lake Erie.

The Restoration Strategy also identifies numerous
potential opportunities for enhancement of existing
natural areas; bulking them up to increase patch size.
Larger patches tend to have a greater “diversity of
habitat niches and therefore are more likely to support
a greater richness and/or diversity of wildlife species”
(EC 2004c). The Restoration Strategy also identifies
opportunities for the establishment of Critical Functions
Zones. A Critical Function Zone “describes non-
wetland areas within which biophysical functions or
attributes directly related to the wetland [of interest]
occur” (EC 2004c). These areas are functional
extensions of the wetland into the upland area and provide a number of functions for wetland-
associated fauna that extend beyond the wetland boundary (e.g. nesting habitats, foraging areas).
When the planning process is initiated to implement a restoration project in the study area, prairies
and meadows should be given consideration and incorporated in habitat creation as they play an
important role in creating habitat diversity and
foraging areas for wildlife.

Opportunities for the establishment of corridor
connections between fragmented areas are also
identified. Such linkages not only provide shelter to
facilitate in the movement of wildlife between
natural areas, but they also promote seed
dispersal and biodiversity in the watershed. The
Restoration Strategy identifies core natural areas
that should act as building blocks in which to
connect and restore gaps in the surrounding
landscape.

Throughout the Restoration Strategy the establishment of a number of buffers types and locations
for these buffers have been recommended (e.g. riparian, buffering land uses). It is important to note
that the role of a buffer and its function is directly related to its location. For a list of objectives and
functions for conservation buffers, please refer to the chart in Appendix G. This chart was taken
directly from Conservation Buffers; Design Guidelines for Buffers, Corridors, and Greenways
(Bentrup 2008) and can be a useful tool when planning such a restoration project.

As indicated earlier, the Lake Erie North Shore watershed currently contains approximately 16
percent wetland cover, 20 percent forest cover, and approximately 64 percent of the watercourses in
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the watershed have riparian cover. Once again, Environment Canada recommends at least 30
percent of the watershed should be in forest cover, 10 percent wetland cover, and at least 75
percent of the watercourses should have a recommended 30 meter riparian buffer. The guidelines
are intended as minimum ecological requirements and are meant to provide guidance in setting local
habitat restoration and protection targets.

The following chart (Table 24) specifies the upland, wetland and riparian habitat percentages for
each subwatershed in the study area. This chart should be used in conjunction with the Restoration
Strategy to prioritize the implementation of riparian, upland and wetland restoration projects.

Table 24: Subwatershed Habitat Statistics
Subwatershed Name Percent Percent Percent
Upland Wetlands Riparian
Lowbanks Drain 20.1 21.7 23.6
Hoover Drain 19.4 13.1 64.0
Lake Erie 8 13.6 8.0 12.9
Lake Erie 7 37.4 21.8 31.6
Lake Erie 6 9.5 17 29.3
Casey Drain 21.8 16.1 12.5
Lake Erie 5 13.9 3.4 13.1
Wainfleet Marsh 31.7 20.4 98.9
Lake Erie 4 104 0 8.1
Lake Erie 3 13.4 16.0 30.1
Eagle Marsh Drain 11.8 12.8 32.0
Welland Canal South 7.2 1.1 11.3
Lake Erie 2 13.6 16.9 25.2
Wignell Drain 9.3 5.6 17.4
Beaver Dam Creek 28.3 21.2 20.8
P.C.
Oil Mill Creek 211 10.2 39.0
Bearss Drain 20.3 13.9 24.3
Point Abino Drain 38.6 18.9 43.4
Bay Beach Area Drain | 20.5 11.6 35.1

Estimating Ecosystem Services

Ecosystem services ,are the benefits that people obtain, either directly or indirectly, from our
ecological systems. These services can be understood in ecological terms and they can also be
translated into economic terms through valuation studies (MNR 2009c)’. The Ministry of Natural
Resources commissioned a study intended to understand the socio-economic value of our ecological
systems and how this information could be used as a tool to support policy and planning decisions
as well as to develop a defensible economic rationale for the conservation of southern Ontario’s
natural heritage systems. Although ecosystem services form the “foundation of human well-being
and they also represent a significant part of the total economic value of our landscape and economy”
(MNR 2009c), their value is often not considered.



LAKE ERIE NORTH SHORE WATERSHED PLAN

The pilot study methodology was approached by assigning a value to each respective ecosystem
category based on an average derived from research for similar research sites. This method is
known as ,value transfer’ or ,penefits transfer’ and was used because it is not feasible to conduct
valuation studies on the entire study area due to significant time and financial constraints. The
project generated estimates for southern Ontario for the yearly value of ecosystem services.
However, one of the key findings of the study was that due to the number of gaps in existing
valuation study data, the results present a greatly under-estimated value of the natural systems. The
science of [Ecosystem Services
Valuation is still relatively young and
has not yet “progressed to the point of
matching changes in landscape
configuration and ecosystem
processes to levels of the provision
and the values of the corresponding
services. These processes affect
ecological indicators like net primary
productivity, biodiversity, soil quality,
runoff, sedimentation rates, nutrient
cycling, and natural disturbance
processes, which in turn underlie the
provision of most ecosystem services”
(MNR 2009c).

Although still a relatively new science, it is hopeful that as the science improves and data gaps are
filed that Ecosystem Services will be considered in future provincial and local policy decision
making. This tool would enhance the ability of decision makers to make informed decisions in areas
such as cost-benefit analysis and to compare outcomes of various scenarios of different policy
criteria (MNR 2009c).

Implementation Responsibilities and Recommended
Management Actions

The Lake Erie North Shore Watershed Restoration Strategy is guided by an implementation
framework (Table 24). The implementation framework has been designed to account for the
watershed plan objectives which were derived from key issues in the watershed and extensive public
input. The implementation framework is guided by the Government of Canada’s vision for integrated
community sustainability planning, which envisions all parties involved to focus limited financial and
human resources in ways that will best serve common objectives at all levels of government
(Godfrey 2005). To this end, the implementation framework identifies project stakeholders (e.g.,
provincial agencies, regional government watershed municipalities, public interest groups and
landowners), and recommended management actions for each watershed plan objective.

Implementing the Recommended Actions

Lead project stakeholders and those who should be involved in the project have been identified in
the following framework. The recommended management actions for the Lake Erie North Shore
Watershed include planning and regulatory actions (e.g., Official Plan amendments), project
opportunities on private and public lands (e.g., riparian buffer planting, wetland creation), and areas
requiring additional research and monitoring (e.g., ecological linkages, geomorphic assessments) in
the watershed. The budget for NPCA restoration projects is identified in the table. If the project is
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identified as ongoing then it is likely an action that requires continual updating such as the five year
review process for regional and municipal Official Plans, which is not allocated a dollar amount. If an
existing program already has funding, and the project and funding have a termination date, then
these projects have a specific dollar amount attached to them. In addition, funds allocated as part of
annual budgeting have also been assigned dollar amounts.

The recommended actions have also been identified in terms of their implementation. Green denotes
short term implementation, yellow represents medium term implementation and red is used to
indicate long term implementation. For example, projects that are ongoing are almost always
implemented over the long term and are therefore, represented in red. Projects that have specific
funding requirements or require approvals, for example, are often represented in green and yellow,
thereby indicating short term or medium term implementation respectively.
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Monitoring

Monitoring serves two purposes in watershed planning. Monitoring is required to update
the watershed plan as land uses change and new issues are identified, and monitoring
serves to measure the success of restoration projects in terms of enhancing and
protecting water quality for all users in a watershed. Monitoring the achievement of a
watershed plan’s objectives involves continually reviewing the Lake Erie North Shore
Watershed Plan. The Plan will be reviewed by the NPCA Restoration Team and the
Lake Erie North Shore Watershed Plan Implementation Committee (comprised of public
interest groups, watershed municipalities, agency, and citizen representatives) annually.
As part of the review process, the plan will be amended whenever necessary to reflect
the changing environmental, economic, technical, or social trends within the jurisdiction
of the NPCA, and more specifically within the Lake Erie North Shore watershed. A
complete review and necessary revisions is slated to occur every 5 years.

Table 26: Watershed Monitoring Schedule

Time Frame Action

Monthly during ice free season(April- Surface water quality sampling
November)

Yearly Project Monitoring: photos and notes of

restoration projects are taken to document
status of project(i.e., improvements,
growth, change)

Typically every 3 years (spring and fall) Biological Monitoring and Assessment
Program (BioMAP) sampling

5 Year Review Review of the Watershed Plan:
Investigation of identified issues and status
of recommended actions is completed. Any
new issues will be identified and an
updated restoration strategy will be
created.

Continuous Monitoring Landowners are given a monitoring journal
to document any changes they observe
occurring in the project area.

Continuous Monitoring Update Natural Heritage Information
Database and GIS layers to reflect Natural
Heritage Areas Inventory field surveys and
project findings.

In addition to monitoring the objectives or outcomes of the Watershed Plan, the
monitoring process includes measuring the performance and success of the
management actions used to achieve the objectives. In this regard, monitoring serves to
collect and analyze aquatic, terrestrial and socio-economic data to identify changes in
the watershed; both from restoration activities, and growth and development. This
component of the monitoring program should include:
« Water quality sampling, benthic studies (BioMAP), and water temperature
monitoring through the NPCA’s Water Quality Monitoring Program. This data can




be used as an indicator of whether or not the recommendations provided in the
Watershed Plan have maintained and/or improved the physical and chemical
characteristics of water quality in the watershed.

= On-going classification of vegetative communities using standardized protocols
(Ecological Land Classification). These habitat areas are recorded as
Geographic Information System layers and are updated bi-annually to evaluate
changes in community composition, habitat size and fragmentation.

+« Biological life assessments (qualitative and quantitative) such as
insects/pollinators, fish and birds.

« A compilation of the number and location of BMPs implemented in the
watershed. This will also include pollutant loading reduction measurements. This
information will be housed in a restoration database and updated as projects are
completed.

= Watershed landowners should also be surveyed (at least every 5 years prior to
the Watershed Plan review) to help watershed planners and the restoration team
identify new watershed issues, and evaluate changes in knowledge and
behaviour.

Land use and land use change in the watershed will also be evaluated. One option of
evaluation methodology is by using the Agricultural Non-Point Source Pollution (AGNPS)
model. AGNPS is a computer model that is used for evaluating the effect of
management decisions impacting a watershed system, such as predicting nonpoint
source pollutant loadings within agricultural watersheds. For example, AGNPS can
simulate the effects of various management practices on pollution in the watershed. The
model can predict where runoff from rain, snowmelt, or irrigation may carry pesticides,
fertilizers, or sediment throughout a watershed.

It is recommended that the AGNPS model be executed for the Lake Erie North Shore
Watershed Plan study area to assist the Implementation Committee in identifying ,hot
spots’ in the watershed and therefore priority areas for remediation or restoration. In
addition, the AGNPS model can be used to evaluate the success of restoration
measures in subsequent years after the Watershed Plan has been implemented by re-
evaluating pollutant loadings in the watershed.

The overall objectives of the Lake Erie North Shore Watershed Plan monitoring program
are to:

« continually evaluate and amend the watershed plan whenever necessary to
reflect changing environmental, economic, technical, or social trends;

« continually assess the overall health and water quality of watercourses;

+« improve the AGNPS model calibration; and

» gauge the success of the restoration action plans in protecting and improving
water quality and aquatic health.



Conclusion

The Lake Erie North Shore watershed supports a unique environmental character and
subsequent set of watershed issues. Contributing to the distinctiveness of this watershed
are, for example, sand dunes that line the shoreline, diversity of natural heritage
features, the Onondaga Escarpment features, the wealth of endangered and threatened
species, and the abundance of recreational opportunities that are abound throughout the
study area. A wide-ranging set of watershed issues have been gathered resulting in a
set of watershed objectives that includes water resources, fish and aquatic habitat,
natural heritage and resources, urban development, and communication and education.

The watershed objectives have formed the basis of restoration strategies at the
watershed level for riparian, wetland and upland habitat that have been derived from
detailed restoration suitability mapping. In addition, project opportunities on private and
public lands have been identified such as erosion control and upland forest restoration to
create ecological linkages between existing forested areas. Special studies, including
policy tools, education programs and tax incentive programs have also been proposed.

The implementation plan identifies responsible stakeholders for each recommended
management action. The recommended management actions have been organized to
include riparian, wetland and upland and ecological linkages; to enhance water quality,
fish habitat and recreation; specific policy tools including municipal and regional official
plan amendments; outreach and communication for various aspects of water resources
management; and research and monitoring programs to obtain additional data from
which the Lake Erie North Shore Watershed Plan can be updated and revised every 5
years.

The Niagara Peninsula Conservation Authority will oversee the implementation of the
Lake Erie North Shore watershed strategy and recommendations made in this report
with the assistance of the Lake Erie North Shore Watershed Plan Implementation
Committee, which is comprised of public interest groups, watershed municipalities,
agencies and landowners. Watershed plan progress will be communicated annually by
means of a qualitative report card that details progress in the watershed.

As indicated earlier, implementation of the Lake Erie North Shore Watershed Plan
should be integrated into planning initiatives and roles of regulation by all levels of
government. Land use changes in the Lake Erie North Shore watershed should also
consider recommendations put forth by the Watershed Plan and supporting studies and
documents where appropriate. The NPCA and the Lake Erie North Shore Watershed
Plan Implementation Committee will also work with Lake Erie managers to identify
restoration actions that are supportive of the Lake Erie Binational Nutrient Strategy.
Implementation of such actions will benefit both the watershed and the lake.

Together the watershed strategy and recommended management actions aim to
contribute to supporting healthy natural areas, farms, watercourses, and habitat for a
diversity of flora and fauna. Through this plan, the preservation, conservation and
restoration of the watershed’s ecosystem will protect society’s resource needs by
sustaining the ecological processes that naturally protect air, water and land resources.
All of this will be achieved through environmental stewardship that fosters a collaborative
approach to conservation that respects landowners while providing exciting opportunities
for education and recreation for all citizens in the Lake Erie North Shore watershed.
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Glossary

Area of Natural and Scientific Interest: Areas of land and water containing natural
landscapes or features that have been identified as having life science or earth science
values related to protection, scientific study or education (Provincial Policy Statement
2005).

Best Management Practice: A land management practice implemented to control
sources or causes of pollution. The 3 types of Best Management Practices that treat,
prevent, or reduce water pollution include: structural, vegetative and managerial.

Bioengineering: Combination of vegetative and structural practices to prevent erosion
or stabilize slopes or streambanks

Biological Monitoring and Assessment Program: The use of benthic invertebrates as
indicators of water quality.

Carolinian Life Zone: Also known as the Eastern Deciduous Forest Region, the
Carolinian Life Zone stretches across southwestern Ontario from Toronto to Grand
Bend. It is estimated that approximately one third of Canada’s rare and endangered
species are found within this zone.

Committee on the Status of Endangered Wildlife in Canada: Is an independent body
responsible for identifying species that are considered to be at risk in Canada. Their
findings are reported to the federal government who then determines which at-risk
species qualify for protection under the Species At Risk Act (2003).

Committee on the Status of Species at Risk in Ontario: The provincial review body
implemented by the Ontario Ministry of Natural Resources: also an independent body
made up of non-OMNR members.

Ecological function: The natural processes, products, or services that living and non-
living environments provide or perform within or between species, ecosystems and
landscapes. These may include biological, physical and socio-economic interactions
(Provincial Policy Statement 2005).

Ecosystem services: The benefits that people obtain, either directly or indirectly, from
our ecological systems. These services can be understood in ecological terms and they
can also be translated into economic terms through valuation studies (MNR 2009c).

Endangered Species: A species facing imminent extinction or extirpation in Ontario
which has been regulated under Ontario’s Endangered Species Act (MNR No Date)

Entrenched Channel: A channel that has eroded downward or was constructed such
that it no longer has access to its original floodplain during moderate flow events.

Eutrophication: the process by which a lake becomes rich in dissolved nutrients and
deficient in oxygen, occurring either as a natural stage in lake maturation or artificially
induced by human activities such as the addition of fertilizers and organic wastes from
runoff.



Fish Habitat: means spawning grounds and nursery, rearing, food supply and migration
areas on which fish depend directly or indirectly in order to carry out their life processes
[Fisheries Act, Section 31 (5)].

Geomorphic: Relates to the physical properties of the rock, soil, and water in and
around the stream.

Important Bird Area: Sites critical to the long-term viability of bird populations and are
priority areas for the conservation of globally threatened, range restricted and
congregatory birds (Bird Life International No Date)

Intake Protection Zone: Protected area (land and water) surrounding a surface water
intake

Intrinsic Susceptibility: The vulnerability of the groundwater system to potential
contamination from surface sources.

Local Management Area: As part of the Niagara Water Quality Protection Strategy,
Niagara Peninsula Conservation Authority’s district was divided into 32 Local
Management Areas, each representing an ecologically valid and functioning water
management unit derived from the over 140 subwatersheds in its jurisdiction.

Municipal Drain: Municipal drains can be either open watercourses or closed systems
buried in the ground (i.e., tiles, pipes) designed and constructed to primarily improve
drainage of agricultural lands, but also improve drainage of roads and rural lands.
Niagara Water Quality Protection Strategy: The strategy is part of a multi-stakeholder
and multi-jurisdictional effort to work towards the common goal of management,
restoration and protection of water resources across Niagara,s watershed.

Old Growth Ecosystems: The presence of old trees and their associated plants,
animals, and ecological processes. They show little or no evidence of human
disturbance (MNR 1994).

Permeability: The measure of the ability of a material to transmit fluids through it.
Pervious: Allows the relatively free passage of liquid.

Physiography: The natural configuration of the landscape.

Potentiometric Surface: The area where the ground surface intersects the water table

Provincial Significance: Important on a provincial scale; this may refer to a species; a
habitat; or a natural area.

Provincially Significant Wetland: A Class I, Il and lll Wetland identified as provincially
significant as defined in ,An Evaluation System for Wetlands of Southern Ontario, South
of the Precambrian Shield, Third Edition.’

Species of Special Concern: A species with characteristics that make it sensitive to
human activities or natural events (MNR No Date).



Subwatershed: A subunit of a watershed; often defined as the drainage area of a
tributary or watercourse (e.g. Wignell Drain).

Threatened Species: A species that is at risk of becoming endangered in Ontario if
limiting factors are not reversed (MNR No Date)
Topography: The relief of the land surface.

Watershed: An area of land from which surface runoff (water, sediments, nutrients and
contaminants) drain into a common water body (e.g. Lake Erie).

Watershed Management Plan: A proactive document created cooperatively by
government agencies and the community to manage the water, land/water interactions,
aquatic life and aquatic resources within a particular watershed to protect the health of
the ecosystem as land uses change (Ministry of Environment and Energy and Ministry of
Natural Resources 1993).

Wetlands: Lands that are seasonally or permanently covered by shallow water, as well
as lands where the water table is close to or at the surface. In either case the presence
of abundant water has caused the formation of hydric soils and has favoured the
dominance of either hydrophytic plants or water tolerant plants. The four major types of
wetlands are swamps, marshes, bogs and fens (Provincial Policy Statement 2005).

Wildlife Habitat: Areas where plants, animals and other organisms live, and find
adequate amounts of food, water, shelter and space needed to sustain their populations.
Specific wildlife habitats of concern may include areas where species concentrate at a
vulnerable point in the annual or life cycle; and areas which are important to migratory or
non-migratory species (Provincial Policy Statement 2005).

Woodlands: Treed areas that provide environmental and economic benefits to both the
private landowner and the general public, such as erosion prevention, hydrological and
nutrient cycling, provision of clean air and the long-term storage of carbon, provision of
wildlife habitat, outdoor recreational opportunities, and the sustainable harvest of a wide
range of woodland products (Provincial Policy Statement 2005).



Appendix A:
Land Management Issues and Agricultural Best Management
Practices Survey

(Sample Survey Form)



LAKE ERIE NORTH SHORE WATERSHED PLAN

Land Management |ssues and Agricultural Best Managemeant Practices
Please complele the following survey and refurn (n the self-addressed, stamped anvslope.

“Tha Hugen Pesnsuls Consenarton Auhary odfiects ored uses yeor parssnal infsrmeton pimsan i Secion 2805
of fha Munipal of infoormation Azt T80T, mmrhhlmﬂmﬁmﬁuﬂmm
Haﬂimum Dupptors |egnaivyg thi o e srarmiiaton whould e dieected Y00 Misgana
P b Commerviadion Suacly, 250 Thonold ol W 3 Ficed Welang, ON L35 W2, Afn. Privacy Ofcm

1.mmmmmm!mm

O FortEne O Niagarn Fals O Niagarn-on-the-Laoke O Tharold OWalland O
2 Pisase \ndicaie; based on the map provided, the walerehed in winch you ive?

O Fon Ere Creoks O Niagara-on-the-Lake O South Niagara Falls
4 Piease mdicate the e 1hat bast describas your sdizalion

Nor-tanm Landdwter
Landowner | Farm Oparator

unqgnc
:
2‘

Landownor | Farm Oporator | Tenant Farm Oparator
Oiher (spocty):

4, How mueh agricufiural land do you carmently owm n th wetershed?
& How much agriculiural land do you cutontly mnl in the watershed?

6. How much land oo you hurve i production?
andior haw many Beestock o you have?

7. Whal 1ype ol agricultursl commedity(s) do you produce ?
B. A you @ member ol any agriculiural associations?
O Yas O Ma

il yos. ploase spocily the name of ihe crganizationisl

. Do you make land management decisions for propery that bordors a siieam o clook?
O Yes O No O Not Sune
10, Wit i the source of your donking waler [6.g.. wator wall, citorn)?

11. Do you nely on @ sepsc syshem ol wasiowmter roaimeani?
O Yon O Moy

L cowsiition '
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LAKE ERIE NORTH SHORE WATERSHED PLAN

Lond Management fastes and Concerns
12. Plaase rank your (op throe copcorms related lo your land.
Arank of 1 wolld represent your most mportard eoncom, a rank ol 2 would represend your el
sl important conconn, and a rank of 3 would represent the lanst of your top thres maest
IFreriant concoms.

Fimt Coneinmm:

Second Concerme

Thard Concem:

13. Ploase asimabe how math of a problom you think each of the folicwing issies will ba in the
nex 5 b6 10 yoarn,

issue Naola Slight Moderate Serious Do Not
Problem Problem Problem Problem  Know

a. Nitrate, phosphate and baclora
Ievels i streams, (vors; and fakes i Q o ] ]
b. Nitrate, phosphate and bactera o (o] o o »]
leverls i grounchwator
¢ Pesticide livols in stroams, (=] o D (a] (a]
oS and Bkos
. Pasicide eyvels in groundwale: O a o o o
0. Sail deposition in siroams, L] L¥] L | o o
myors and fahos
i, Drinking water quality Q o o o (o]
@ Sail loss lrom agricubtural felds o o o o o
h. Aivers and streams with srding ] o o o o
banks
i Srmals. nomo, or dust rom Q o o o O
kvesiock opotations
| Smols, notso, or dusl from non- Q Q o (o] o
agriculiural busmess
k. Soepage from septic tanks 0 O o (o] o

3 .
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LAKE ERIE NORTH SHORE WATERSHED PLAN

ks siie Hota Slight  Moderate Serious Do Not
Problem  Problem  Problem  Problem  Know

| Sefid waste cheposal Q o o o o
. Fredpancy of fiooding o o ] {x] O
n. Economic losses due to o Q o o o
fiaading
o, Economie costs ol eomplying o o 2 o o
with land-use egulnions
p. Losa of watlands %] L] ] o
g Loss of longstod or woaded o =] o (u]
ATERE
f. Loss af agricutuml land to +) o o o o
davempmant
8, Loss ol agreubiural lnnd 1o o o ] 2 o
mpdural land
t. Loss of ratural land 1o o (=] o o 0
develkopmant
U, Lesms of natufal land to O L o o o
agrcullral proceiton
v. Wols arying up o o o Q o
w, Low surface wabter condions o o ] o o
(drougpht]

14, Which of the folowing Besi Managemeant Practices (BMPa| do you cumently wee? Ploase
saleot afl that apply and specily |he spocidic BMP,

0 Tlage and seeding practicos € Erosion contiol

ﬂ&:mm - E-Fhu'dmmlm;mm._

O Mudrianl managormen £ Posi mansgemont and peabaciden
3 bigation: O Othed (pleate spacify)

Edcorsesiion ¥
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LAKE ERIE NORTH SHORE WATERSHED PLAN

15, In your opinion, how would you e the availability of restoration’consanvation Maouces n

1he watershad?

Bad Peor Fair Good Excellent Do HNot

Know

&, The svadabilty aof o o o o o o
estoralen catservalion lundng
programs
b, Ther svadabilsy of Q o ] o [ 4] (s
TeskoraiknCErsarnyation ehnical
ansisiance

16, Lizt the restocation comanvabion hinding progeams Bl you ane mwvan ol

17. I lunding was available, would be marasiad o pursing A project on ol
ploase dentty hwdpﬁuﬁmﬂmmmm YREPENEIIR

18, How do you preler to obtain indormation about walershed planning In your walershed? Please
sokect Al that apply.

O Local newspapar | pla aes indicall wivch newspapad |
2 Diroct mall newaioit

& Email

Ell'iut_ullﬂ .

& Moalings of local groups and organizations.
gﬂm Ll

18, Ploaso provida any additional commenls:

= Thank you -

Elcssivsion *
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Appendix B:
Best Management Practices



The following includes potential best management practices for the Lake Erie North
Shore watershed derived in part from Niagara Region’s and NPCA'’s policies regarding
stormwater management; Stormwater Management Policies and Guidelines, January
2010. For detailed information regarding the policies please refer to directly to the
document.

Management Alternative | Description

Stormwater Best Management Practices

At Source and Lot-Level Quantity Controls

Retrofit Existing Stormwater Modify older basins that were designed to control only the
Basins 100-year storm into multi-functional stormwater wetlands or
conventional wet ponds.

Retrofit Existing Detention Devices | Modify to incorporate forebays. Sediment forebays allow
polluted sediments to settle out before water is discharged
into the detention pond, thereby increasing treatment time
and capacity.

Retrofit Infiltration Devices Where soil permeability and depth to groundwater are
sufficient, infiltration measures such as permeable
pavement and infiltration trenches should be considered for
introduction.

Lot Control Ensure proper foundation drainage and type of soil and
long-term behaviour as far as compaction should be
considered. Reduced lot grading can be implemented for
soil types with a minimum infiltration rate of 15mm/hr or
greater.

Off-line Infiltration Basin In new development areas design drainage corridors to
include an infiltration basin which is not part of the main
channel to capture water and allow it to slowly infiltrate into

the soil.

Extended Detention Dry Basin Design new developments to include stormwater basins
that capture water and detain it for 24-40 hours before
releasing it.

Catch Basin Restrictors Detain storm water on parking lots or divert flows onto road

surfaces, delaying the entry of storm water into the
conveyance system.

Green Parking Lots Install new bioretention areas, infiltration areas,
underground vaults, or other practices to detain and clean
parking lot storm water before discharging. Encourage
businesses to share parking space, require that vegetated
spaces in parking lots be used to treat stormwater,
encourage mass transit, and encourage permeable
spillover parking.

Rain Gardens Planted depressions designed to receive excess rainwater
runoff from buildings and associated landscape. During a
storm event the rain garden fills with water and slowly
percolates into the ground rather than draining towards a

storm drain.
Porous Paving for Low Traffic Parking areas, fire lanes, bicycle paths that consists of
Roadways and Pathways open-graded asphalt on a crushed stone base are capable

of absorbing water reducing the amount of runoff entering
the storm sewers.

Conveyance Controls

“Daylighting” Storm Sewers Eliminate a storm sewer or culvert and replace it with an
open, vegetated channel.
Vegetated Swales vs. Curb and Where density, topography, soils, and slope permit,

Gutter vegetated open channels should be used in the street right-




of-way to convey and treat stormwater runoff instead of
curb and gutter systems.

Vegetated Swale

Compared to storm sewers, overland flow offers longer
contact time with the soil and allows settling of pollutants,
nutrient uptake by vegetation and complete infiltration of
smaller events.

Road and highway runoff
improvements

Construct stormwater wetlands, pond systems, grassed
swales, natural vegetation in highway rights-of-way open
space.

Pervious Pipe Systems

Convey runoff below ground level by allowing water to
infiltrate through the pipe into adjacent soils, providing
pollutant removal and reducing the amount of runoff in the
storm sewer system

Pervious Catch Basins

These are normal catch basins with a large sump
connected to an exfiltration storage area. The storage area
may be located either directly below the catch basin floor
through a series of holes or beside the catch basin where
low flows discharge through the wall of the catch basin into
the exfiltration storage area.

End-of-Pipe Controls

Wet pond

In new development areas include wet ponds that use a
permanent storage pool to capture or transform dissolved
pollutants thereby holding water and releasing it slowly
back to the environment. Wet ponds also reduce peak flows
and assist in sedimentation control.

Dry Ponds

Dry ponds only contain water during runoff events and for
the length of time it takes for draw down. Dry ponds also
provide storage, reduce peak flows, and assist in
sedimentation control and pollutant removal.

Constructed Wetlands

Offer peak flow reduction, storage, filtration, sedimentation,
biological uptake, and absorption. Beneficial from a water
quality perspective as they have the ability to trap and hold
contaminants and pollutants.

Infiltration Trench or Dry Well

Design new developments to include an infiltration trench,
which receives runoff in a shallow excavated trench that
has been backfilled with stone to form a below-grade
reservoir. Water can then slowly infiltrate into the sail.

Sand Filters Sand filters can be used for smaller developments and
urban areas with limited open space. This system uses
sand in an underground catchment to filter stormwater.

Screening Generally installed upstream of storage facilities or overflow

structures to remove floatable material before water
discharges into the receiving waters. Screening requires
maintenance and can be prone to clogging.

Oil/Grit Separators

Located in the place of conventional manhole below the
ground in a storm drain system. Sediment in the runoff
entering the separator is settled out and oil is removed
through skimming and trapping. The separator implements
the use of a permanent pool storage in the removal of
hydrocarbons and sediment from storm water runoff before
discharging into receiving waters or storm sewers.

Rural/Urban Best Management Practices

Conservation Tillage/Agricultural
Filter Strips/Buffer and Filter Strips

Alter agricultural practices to encourage naturally vegetated
buffers/filters around streams and rivers. Discourage
landowners adjacent to watercourse from mowing to
streambank.

Lawn Debris Management

Grass trimmings and leaf litter can be controlled by




composting or by community curb side collection programs.
Compost can be converted to mulch, which when applied in
lieu of fertilizer, can reduce nutrient excess into
watercourses.

Protect receiving waters from bank
erosion

Stabilize existing steep slopes with bioengineering
methods, and preserve and plant trees along streams to
reduce bank erosion.

Stream Channel
Restoration/Stabilization

Construct pipe outlets and bank stabilization measures to
prevent streambank erosion due to excessive discharge
velocities (usually bioengineered).

Constructed Wetland

Build wetlands to capture pollutants from runoff draining
urban and agricultural areas. Wetlands differ from basins in
that they are shallower, and are planted with wetland plants
to filter the water.

Rain Barrels

Rain barrels can be used to catch rooftop runoff for later
use (e.g. watering gardens and lawns)

Downspout Disconnection

Disconnecting downspouts from storm drains, or directing
them away from paved surfaces that lead directly to the
stormwater system allows water to infiltrate into unpaved
soils. An education and incentive program should also be
created for this alternative.

Native landscaping and/or tree
planting

This measure includes planting street trees, and planting
trees and plants in parking lot medians or in other
landscapes. They can be designed so water flows into
these areas before flowing into the stormwater system.
Native plants do not need fertilizers, irrigation, or mowing,
which can reduce phosphorus and possibly runoff.

Encourage diverse non-turf
vegetation at stormwater basin
edges

Educate landowners to allow long grasses and wetland
plants to flourish in stormwater basins to filter the waste of,
and discourage large populations of waterfowl.

Planning and Development

Establish better enforcement, fines
to ensure compliance

May include hiring more staff to inspect and enforce
regulations.

Improve septic system
maintenance

Require septic system inspection and compliance at point-
of-sale; encourage regular maintenance through incentive
and/or education programs; and identify any currently
failing systems so they can be fixed.

New/Revised Zoning By-Laws

If necessary, a zoning by-law should be created or revised
to meet water quality/quantity needs so that planning
decisions based on that by-law are defensible.

Conduct Zoning By-Law review

Establish a committee to conduct a formal review of zoning
by-laws from a planning perspective for open space and
natural features protection/restoration.

Adopt stormwater policies for new
developments

This policy tool can be used to control and treat stormwater
discharges whereas stormwater management must be
addressed before building permits are issued.

Encourage and/or regulate land
use planning and management

Develop policies limiting pavement, preserving open space
and define locations for more on-site storm water
management facilities, and zone/sizing criteria for on-site
facilities.

Integrate natural features into the
planning process

Through overlay zoning and other methods, valuable
natural features should be taken into account when zoning
and making planning decisions where such policies are not
present. Coordination with municipalities in this area is
necessary to preserve systems of open space, and reduce
fragmentation of the natural complex of woodlands, prairies
and other natural water filtering systems.




Encourage open space site design

Reduction in lot size to preserve common open space of
woodlands and wetlands; shared driveways, chipped paths,
swales, reduction in road widths, and so forth.

New/Revised Master Plans

If substantial changes are made to implement stormwater
quantity and quality measures, the master plan should be
revisited so that it upholds the changes in natural features
inventories, zoning priorities, and so forth to ensure that
stormwater measures are not in conflict with the master
plan.

Downzoning

Changes an established zone to a lower density level or
less intense use. Can be used on strips of land adjacent to
waterways to provide a buffer between industrial sites and
the streambank or on a whole area surrounding a water
body to reverse or prevent pollution.

Encourage and/or regulate land
use planning and management

Develop policies limiting pavement, preserving open space
and define locations for more on-site storm water
management facilities, and zone/sizing criteria for on-site
facilities.

Public

Education and Participation

Storm Drain Stencilling Program —
Trout Unlimited “Yellow Fish”
Program

Residents are frequently unaware that materials dumped
down storm drains may be discharged to a local water
body. Stencilling can create awareness and prevention.

Citizen Monitoring (Adopt-a-
Stream Program)

Citizen groups can collect valuable information on basic
parameters — they can monitor and identify problems,
collect surface water samples, and measure turbidity.

Promotion of NPCAs Water Quality
Improvement Program and
Funding Opportunities for
Landowners

This program guides restoration activities in the watershed,
educates land-owners on how to do restoration and/or
manage their land, organizes volunteers, and encourages
stewardship.

Promote Incentive Programs for
preservation of farmland, wooded
areas and open space

Work with agencies, organizations and individuals to
promote incentive programs such as Conservation Land
Tax Incentive Program, Managed Forest Tax Incentive
Program and Farm Property Tax Class Tax Rate.

Reduce excess fertilizer nutrients
applied to lawns

Change excessive homeowner and golf course lawn
fertilizer application habits by educating homeowners and
managers about proper soil testing and lawn care practices.

Reduce/apply only appropriate
level of fertilizer to farm fields

Educate farmers and/or offer incentives to have soils tested
for the appropriate application of fertilizers.

Develop an education program to
encourage proper septic system
maintenance

Proper maintenance of septic systems is essential in
preventing septic failure, which pollutes natural water
systems. Landowners must refrain from inappropriate
plantings and uses on the septic field, and periodically
arrange for the removal of solids from the system.

Utilize parks and public land for
hands-on educational projects

Public places, especially along a watercourse/wetland,
provide opportunities for public involvement and education.
Projects could include streambank stabilization, native
planting, invasive plant removal, logjam removal, wetland
creation and so forth.

Use recreational areas as
demonstration/education
opportunities

In park areas, develop educational signage (watershed
awareness, natural vegetation and so forth) and/or create a
demonstration/ interpretive area to illustrate natural
landscaping, detention basin landscaping, and wetlands to
teach about best management practices.

Watershed Signs/Project Signs

Signs can be used to mark watershed boundaries, identify
critical areas, promote specific behaviours in specific
places, identify co-operators in a project, explain a project
and its BMPs, and provide interpretive natural resources




information.

Newspaper Articles

Newspaper articles provide detail about local success
stories; photos of citizen activities; and feature stories
provide information about problems and solutions. They
can also be used to announce meetings or public
involvement opportunities.

Newsletters

Newsletters are a good way to provide key messages and
contribute a series of watershed management articles.
They can also be used to announce meeting times and
dates, update information on actions already taken, and list
issues to be discussed at upcoming meetings.

Meetings/Open Houses

Public gatherings, club meetings, special conferences, and
workshops can be used to explain a program and receive
input, share information, plan actions, and evaluate
progress.

Events Watershed displays should be set up at every opportunity —
fairs, local Earth Day events, conferences, and school
events.

Awards Recognize good work, and gain a variety of advocates for

your program though conservation awards for young
people, public service awards, and participation and
sponsorship awards.

Use a website to host information

Develop a Lake Erie North Shore Watershed website to
keep agencies, organizations, and others updated about
restoration programs.

Training/workshops/presentations

Many times, people do not change their habits and
behaviours because they do not know what to do instead
(composting, native landscaping, no-phosphorus lawn care,
and so forth).

Involve Schools

Make presentations to classes or conduct field trips. Find
out what schools are already doing and see how water
quality education can fit into the curriculum.

Form a committee/task force of
citizens

Create a committee to work on specific aspects of the
watershed program; try to include representatives from all
interest groups.




Appendix C:
Examples of key Ontario ecological, infrastructure, and social
values likely to be affected by climate change



The following chart lists examples of key Ontario ecological, infrastructure, and social
values likely to be affected by climate change. This chart is taken directly from a report
published by the Ontario Ministry of Natural Resources entitled Climate Change
Projections for Ontario: Practical Information for Policymakers and Planners (2007b)

Area
Agriculture

Environment

Forestry

Human Health

Northern
Communities

Power
Generation

Tourism and
Recreation

Transportation

Climate Change Impacts

Reduced productivity where temperature rises without a compensatory increase in
precipitation

Change in crops that can be grown

Less suitable climate to produce ice wine in southern Ontario

Longer growing season

Expansion of agriculture into new areas of northern Ontario where soils are
productive

Changes in the biodiversity of species and ecosystems

Increased difficulties for species currently at risk to survive or maintain their status
New species at risk because of disequilibrium with climate

Increased opportunity for natural migration of invasive species to Ontario

Loss of plants and animals for which some protected areas were established

Increased frequency and more area burned by forest fires, placing stress on
firefighting infrastructure and increasing the number and length of shutdowns of
bush operations

Regional changes in timber supply (some may increase while others decrease)
Less access for forestry operations due to late freeze-up and mid-winter thaws
Opportunities to plant faster-growing, less cold hardy tree species

Migration of mountain pine beetle from Alberta threatening old-growth pine forests

Fewer winter cold alerts but more summer heat alerts

More SMOG days

Appearance of new insect-borne diseases

Increased water quality issues due to less total precipitation but more extreme
rainfall events

Threats to northern communities by forest fires will be more frequent

Soil instability and shifting of houses and other structures due to melting
permafrost

Increased community isolation and higher cost of living due to shortened winter
road season

Higher maximum summer power requirements due to increased summer
temperatures

Lower winter maximum power requirements due to warmer winters

= Reduced hydroelectric power generation due to lower stream/river flow and lower

lake levels

More risk to power transmission lines from ice storms

Fewer winter outdoor recreation opportunities in southern Ontario (e.g., less
reliable skiing, snowmobiling, ice fishing, and outdoor ice skating)

Longer warm weather outdoor recreation season (e.g., boating, camping, and
golf)

Shorter road snow-clearing season

Greater risk of freezing rain and need for de-icing in southern Ontario
Longer Great Lakes shipping season

More shipping disruptions and channel/harbour dredging due to lower Great
Lakes water levels



The following table summarizes commonly identified changes to the hydrological cycle
that are expected in the Great Lakes Basin resulting from climate change. This chart is
taken directly from Mainstreaming Climate Change in Drinking Water Source Protection
Planning (de Loe and Berg 2006).

Hydrological Expected Change in the 21% Century, Great Lakes Basin
Parameter
Runoff = Decreased annual runoff, but increased winter runoff
» Earlier and lower spring freshet (the flow resulting from melting snow and ice)
= Summer and fall flows are lower and last longer
= Increased frequency of high flows due to extreme precipitation events
Lake Levels # Lower net basin supplies and declining levels due to increased evaporation
and timing of precipitation
= |ncreased frequency of low water levels

Groundwater = Decreased groundwater recharge, with shallow aquifers being especially
Recharge sensitive

Groundwater = Changes in amount and timing of baseflow to streams, lakes and wetlands
Discharge

Ice Cover » |ce cover season reduced, or eliminated completely

Snow Cover # Reduced snow cover (depth, area, and duration)

Water = |Increased water temperature in surface and water bodies

Temperature

Soil Moisture = Soil moisture may increase by as much as 80% during winter in the basin,

but decrease by as much as 30% in summer and autumn



Appendix D:
Summary of Legislation Governing
Management in Ontario
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Appendix E:
NPCA Lake Erie North Shore Watershed Geomorphic
Assessment
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Appendix F:
Natural Heritage Species Reference List



Common Name

Scientific Name

American Beech

Fagus grandifolia

American Elm

Ulmus americana

Arrow-wood Viburnum dentatum
Avens Geum sp.

Awl fruited Sedge Carex stipata
Basswood Tilia americana
Beach Pea Lathyrus japonicus
Bebb’s Willow Salix bebbiana
Bitternut Hickory Carya cordiformis
Black Ash Fraxinus nigra

Black Cherry Prunus serotina
Black Maple Acer nigrum

Black Raspberry Rbus occidentalis
Black Walnut Juglans nigra
Bladdernut Staphylea trifolia
Bladder Sedge Carex intumescens
Blue Cohosh Caulophyllum thalictroides
Blueflag Iris versicolor

Broad leaved Cattails Typha latifolia
Bulrush spp. Scirpus spp.

Bur Oak Quercus macrocarpa

Canada Blue joint

Calamagrostis canadensis

Cattails

Typha sp.

Choke Cherry

Prunus virginiana ssp. virginiana

Clammy Weed

Polanisia dodecandra

Climbing Poison ivy

Rhus radicans ssp. negundo

Common Buckthorn

Rhamnus cathartica

Common Duckweed

Lemna minor

Common Reed

Phragmites australis

Coontail

Ceratophyllum demersum

Crested Sedge

Carex cristatella

Dogwood spp.

Cornus spp.

Eastern Cottonwood

Populus deltoides ssp. deltoides

Eastern Hemlock

Tsuga canadensis

False Nettle

Boehmeria cylindrica

False Solomon’s Seal

Maianthemum racemosum

Freeman’'s Maple

Acer fremanii

Fox Sedge

Carex vulpinoidea

Fowl Manna Grass

Glyceria striata

Garlic Mustard

Allaria petiolata

Gray Dogwood Cornus foemina ssp. racemosa
Green Ash Fraxinus pennsylvanica
Goldenrods Solidago sp.

Hemlock Tsuga Canadensis

Herb Robert Geranium robertianum

Hop Hornbeam Ostrya virginiana

Jewelweed Balsaminaceae

Lesser Duckweed Lemna minor

Maple Acer spp.




Manitoba Maple

Acer negundo

Nannyberry

Viburnum lentago

Narrow-leaved Meadowsweet

Spirea alba

Nodding Fescue

Festuca subvetrticilata

Oak spp.

Quercus spp.

Pickerelweed

Pontederia cordata

Pignut Hickory Carya glabra

Pin Oak Quercus palustris
Pondweed Potamogetonaceae
Poplar Populus fastigiata

Porcupine Sedge

Carex hystercina

Radiate Sedge

Carex radiata

Red Ash Fraxinus pennsylvania
Red Elm Ulmus rubra

Red Maple Acer rubrum

Red Oak Quercus rubra

Red Pine Pinus resinosa

Reed Canary Grass

Phalaris arundinacea

Rice Cut Grass

Leersia oryzoides

River bank grape

Vitis riparia

Running Strawberry

Euonymus obovata

Rushes Juncus sp
Scotts Pine Pinus sylvestris
Sea Rocket Cakile edentula
Sedges Carex sp.

Sensitive Fern

Onoclea sensibilis

Shagbark Hickory

Carya ovata

Silky Dogwood

Cornus amomum ssp. obliqua

Silver Maple

Acer saccharinum

Solomon’s Seal

Polygonatum canalicalatum

Southern Arrow-wood

Viburnum recognitum

Spicebush

Lindera benzoin

Spotted Touch-me-nots

Impatiens capensis

Staghorn Sumac

Rhus typhina

Stout Woodreed Cinna arundinacea
Sugar Maple Acer saccharum ssp. saccharum
Swamp Maple Acer fremanii

Swamp Rose

Rosa palustris

Swamp White Oak

Quercus bicolor

Thicket Creeper

Parthenocissus inserta

Three-lobed Beggar-ticks

Bidens tripartita

Trembling Aspen

Populus tremuloides

Tulip Tree Liriodendron tulipifera
Watermilfoil Haloragidaceae
Water Plantain Alismataceae

Western Poison ivy

Rhus radicans ssp. rydbergii

White Ash Fraxinus americana
White EIm Ulmus americana
White Pine Pinus strobus

White Trillium Trillium grandiflorum
White Oak Quercus alba




Wild Leeks

Allium tricoccum

Willow Salix sp.

Winterberry Gaultheria procumbens
Yellow Birch Betula alleghaniensis
Yew Tree

Taxus canadensis




Appendix G:
Riparian, Wetland and Upland Habitat Restoration Guidelines



Restoration guidelines for riparian, wetland and forest habitat as recommended by
Environment Canada (2005) in its ,How Much Habitat is Enough? document. This
framework was used as a guideline in the Lake Erie North Shore Restoration Strategy.

RIPARIAN HABITAT GUIDELINES

Parameter

Guideline

Percent of stream naturally
yveqgetated

75 percent of stream length should ba naturally vegetated.

Amount of natural
vegetation adjacent to
streams

Steams should have a minimum 30 metre wide naturally vegetated
adjacent-lands area on both sides, greater depending on site-specific
conditions.

Total suspended sediments

Where and when possible suspended sediment concentrations should
be below 25 milligrams/litre or be consistent with Canadian Council of
Ministers of the Environment (1999) guidelines.

Percent of an urbanizing
watershed that is
impenvious

Less than 10 percent impervicusness in an urbanizing watershed should
maintain steam water quality and quantity, and presene aguatic species
density and bicdiversity. An upper limit of 30 parcent represents the
threshold for degraded systems.

Fish communities

Watershed guidelines for fish communities can be established based on
knowledge of underlying characteristics of a watershed (e.g., drainage
area, surficial geology, flow regime), historic and current fish
communities, and factors (and their relative magnitudes) that currently
impact the system.

WETLAND HABITAT GUIDELINES

Parameter

Guideline

Percent wetlands in
watersheds and
subwatershads

Greater than 10 percent of each major watershed in wetland habitat;
greater than & percent of each subwatershed in wetland habitat; or
restore to original percentage of wetlands in the watershed.

Amount of natural
vegetation adjacent to the
wetland

For key wetland functions and attributes, the identification and
maintenance of the Critical Function Zone and its prote ction, along with
an appropriate Protection Zone is the primary concern. Where this is not
derived from site-specific characteristics, the following are minimurm
guidelings:

Bog — the total catchment area

Marsh — 100 metres

Fen — 100 metres or as determined by hydrogeological study

Swamp — 100 metres

Wetland Type

The anly 2 wetland types suitable for widespread rehabilitation are
marshes and swamps.

Wetland Location

Wetlands can provide benefits anywhers in the watershed, but particular
wetland functions can be achieved by rehabilitating wetlands in key
lecations, such as headwater areas for groundwater discharge and
recharge, flood plains for flood attenuation, and coastal wetlands for fish
production. Special attention should be paid to historic wetland locations
or site and soil conditions.

Wetland Size Wetlands of a variety of sizes, types, and hydroperiods should be
maintained across a landscape. Swamps and marshes of sufficient size
to support habitat heterogeneaity are particularly important.

Wetland Shape As with upland forests, in order to maximize habitat opportunities for

edge-tolerant species, and where the surreunding matrix is not natural
habitat, swamps should be regularly shaped with minimum edge and
maximurm interior habitat.




FOREST HABITAT GUIDELINES

Parameter

Guideline

Pearcent forest cover

At least 30 percent of the watershed should be in forest cover.

Size of largest forest patch

A watershed or ather land unit should have at least one 200 hectare
forest patch that is a8 minimum 500 metras in width.

Percent of watershed that is
forest cover 100 metres
and 200 metres from forest

edge

The propertion of the watarshed that is forest cover 100 metras or
further from the forest edge should be greater than 10 parcent. The
proportion of the watershed that is forest cover 200 metres further from
the forest edge should be greater than 5 percent.

Forest shape

To be of maximum use to species such as forest-breeding birds that are
intolerant of edge habitat, forest patches should be circular or square in
shape.

Proximity to other forested
patches

To be of maximum use to species such as forest-breeding birds, forest
patches should be within 2 to 1 kilometre of one another or other
supparting habitat features.

Fragmented landscapes
and the role of corridors

Connectivity width will vary depending on the objectives of the project
and the attributes of the nodes that will be connected. Corridors
designed to facilitate species movement should e a minimurm of 50
metres to 100 metres in width. Corridors designed to accommaodate
breeding habitat for specialist species nead to be designed to meet the
habitat reguirements of those target species.

Forest quality — species
composition and age
structure

Watershed forest cover should be representative of the full diversity of
forest types found at that |atitude.




DRAFT
LAKE ERIE NORTH SHORE WATERSHED PLAN

The following chart is taken directly from Conservation Buffers; Design Guidelines for
Buffers, Corridors, and Greenways (Bentrup 2008).
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Appendix H:
Restoration Suitability Criteria and Weighting Scheme
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Appendix I:
Mitigation Measures for Drain Maintenance
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Mitigation Measures implemented in drains. This information was taken directly from
Fisheries and Oceans Canada publication The Drain Primer: A Guide to Maintaining and
Conserving Agricultural Drains and Fish Habitat

MITICGATION MEASURES

Tirnineg
Crigmirgs should be done so x5 0 reoid

local fish spareming of nursing poriods.

If dhone A M wiong, fime, suspended

Chmend s fnom e maniemande work

might prevent spowning, smother eggs,

of lll yourrg fish.

Opfion: Do e Project in ihe Swawoed
Sumimer may be & good fime 1o 80
MR ENANIE WOl Wiven draing ane dry
of Fud: WEthe: Mowe, This way the crane of
bachioe OPETALONS Can Se¢ exactly what
netads 10 b Cieaned QU wAlhous the

CbStnUCTion of douded waber, Doing the
wal when the Sieh is relamvely oy alss

ensures that little, if any, sediment will
float downstream where it might impact
fish. As well, maintenance should be
done as quickly as possible in order

to limit the amount of disruption to

fish migration and habitat

Sediment Controls

If work is undertaken while water is
still flowing in the drain, controls need
to be put in place to prevent the flow
of sediment downstream. The foliowing
opticns are essentially designed for
areas with sandy or sandy loam soils.

46
n“h“ll
Water flow decreases. 43

Traps should be placed where it
will not wash back into the drain.
Stabilize the dirt pile by seeding it.

Option: Sediment Sand Traps

Sediment sand traps are created by
strategically digging a spot that is deeper
in the open drain. Excessive widening of
the channel should be avoided, however
the channel should be widened enough
to stabilize the banks. This larger hole
acts as a setting pond, slowing down
water as it drops into the deeper spot.
As the water flow decreases, heavier
sediments and debris settle to the
bottom of the trap, somewhat improving
the quality of the water leaving the trap
and moving downstream.

Dig a spot that is deeper in a strategic
section of the open drain. Widen channel
only enough to stabilize the banks.

Cleaner water exits trap, extending
life of downst: drain.

l

_—

Heavier bits of sediment
settle to the bottom of the trap.

Sediment Sand Traps provide
excellent pool habitat for fish.
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The sediment sand trap technique can
be low cost when compared to other
conventional methods, Farmers and
municipalities need only werry about
cleaning the trap out, which is a lot
cheaper than paying for a full-scale dean
out. Less of the drain is disturbed and
clean out is quicker, Sand traps should be
placed in spots easily accessible so as to
avoid having to drive over planted crops
in order to get maintenance equipment
to the site.

Option: Siit Fences /Straw
Bales/Sandbags

Siit fences (those little black curtains
we see between construction sites and
watercourses), straw bales, and sandbags
are inexpensive ways to prevent the flow
of sediments downstream, Siit fences or
straw bales need to be staked into place
downstream of the maintenance site.
These two oplions act as filters removing

sediment from water, More than one
set of curtains or bales may be required.

Sandbags act much like sand traps.
By sandbagging the water back, one
creates a settling pond where heavier
sediment can drop out, allowing
relatively cleaner water to flow
downstream.

Any of these light-weight channel
flow centrois are only good for handling
relatively low flows in small drainage
areas for short periods of time. These
options only work when they are
property maintained. Care also needs to
be taken when removing these controls.
Excess sediment should be removed
from the entrapment before taking down
a sediment control structure. That way,
the sediment captured will not be
reieased back into the stream.

By sandbagging the water back,

a settling pond is created. Heavier
sediment drops to the bottom,
allowing relatively cleaner water
to flow downstream.
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Silt fences or straw bales need to be
staked into place downstream of the
maintenance site and may require

multiple installations}

Silt fences and straw bales act as filters
removing sediment from water moving
downstream from the maintenance site.

....
.
~Lany
.....

channel flow controls are Y
only good for handling e’ STRAW BALES

relatively low flows in small
drainage areas for short
periods of time.
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To extend drain life, save money on

routine maintenance and enhance

to be protected from erosion.

Erosion Control and Bank Stabilization
Eroding drain banks can be costly
to farmers, municipalities and the
environment. The more soil collapses
into a drain, the more that drain’s flow
is disrupfed. The exira soil entering the
system is unlikely to be carried very far
in the water, resulting in an accumulation
of sediment, which in turn fills the drain.
Eroding banks may lead to trees and
other vegetation falling into the
watercourse, further diverting and
slowing water flow and leading to more
erosion. Eventually, the ability of the
open ditch to drain surrounding land
is hampered and further maintenance
is required sooner than was originally
planned. To extend the life of the drain,
save money, and help the environment.
a number of techniques can be used.

fish and wildlife habitat, banks need e

Option: Leave the Banks Alone

Bank erosion is best prevented by not
disturbing the banks at all. Stable banks
usually have grass, shrubs and trees
growing along them. Vegetation adjacent
to the bank helps slow down runoff
from the fields, which in tum helps to
minimize erosion of the bank. As well,
the root systems of vegetation along
the banks hold the sides together and
stabilize the slopes. Environmentally.
the stalks and leaves from the different
types of plants siow down runoff and
act as a filter by trapping sediment,
pesticides and other pollutants —
improving the quality of water entering
the drain.
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Option: Plant Bigger Buffers Option: Work from One Side of Drain
Other means to prevent erosion, If vegetation needs to be removed
extend the life of the drain and improve from a ditch, it would be best to remove

habitat is to plant shrubs and trees and it from one side only. That way, one
to increase the size of the vegetated side of the ditch is better protected from
buffer between the field and drain. erosion, less movement of equipment is

needed, clean-out is quicker, and there
is less disruption. Where applicable,

it is best to leave the south side of the
drainage bank alone as that will ensure
shade, cover and foed sources for fish.

Option: Remove Vegetation at Intervals

Depending on varicus circumstances,
another option may be to remove
vegetation at certain intervals. If an open
drain has gone several years without
maintenance — trees, shrubs and other

Conservation cropping, such as the soy brush may have grown to the point
beans planted to the left of the dran where removal of vegetation is required
above, can help stabilize the bank, reduce

future drain maintenance, and improve to allow a crane or backhoe access for
habitat for a wide variety of species. proper drain clean out.

Bigger buffers can help remove
more of the sediment carried by
field runoff into the open ditch,
and thus minimize the need

for drain maintenance. This
option might involve taking
productive land out of
operation. The alternative may
be to look at planting such crops
as hay or alfalfa as buffers along
the drain. Once these crops

are planted, the land can go

a number of years without the

: Mature or young trees should be left on either
need for being plowed up. crops bank. These trees help stabilize the ditch, provide

can be harvested annually, and cover and insect food for fish, and shade the banks
the root systems remain and the water, The shade from the trees also helps
undisturbed prevent the growth of vegetation that may create

blockages to drain flow.
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Rather than clearing out all the
vegetation, one can remove for example,
20 metres of vegetation on one side

of the bank. skip 20 metres, and then
continue so on down the one side of the
drain, Then to ensure total bottom clean
out, do the same on the opposite bank.
Later, when one needs to maintain the
drain, vegetation removal and drain
maintenance can be done from the
spots that were originally left untouched.
While this option may be a bit more
costly and time-consuming, the
landowner is always guaranteed that
there will be mature vegetation along
the drain to help stabilize it.

Option: Brushing

Brushing involves using large mowers
fo cut the vegetation along the bank.
The trimming of the plants and shrubs
should improve water flow and thus

Brushing Jleaves the root systems intact,
stabilizing the banks from erosion,
Debris from the brushing protects the
banks from wind and rain erosion.

Gentle bank slopes help reduce erosion
by reducing runoff speed.

cause the drain to naturally deepen on
its own, as faster water tends to scour
a watercourse. As well, runoff from the
surrounding land is less impeded by
mature vegetation when entering the
drain. Brushing can also be a helpful
step in providing access spots for
maintenance equipment to the drain
bottom. Regardless of the reason for
using the technigue, the key to brushing
is that it [eaves the root system
untouched. Thus the drain's banks are
stabilized, the muich from the mowing
protects the surface from wind and
rain erosion, and reseeding the slope
IS unnecessary. Care must be taken

to make sure that the mulch from the
brushing that ends up in the waterway
is removed so that the drain does not
get clogged downstream.
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Option: Reseeding

As so0n as the drain maintenance is
done, one should consider leveling the
spoils, or excavated material, created
from clear-out and reseed the work area
while the soil is still moist in order to
reestablish vegetation and stabilize the
bank. If immediate revegetation is not
an option (maybe the growing season
has passed) then using filter cloth,
various muiches or erosion blankets
made of natural material might help
in protecting the banks from erosion.

Option: Sloping
When maintaining a drain, it is
preferable to have gentle slopes on 5::'" b'::'l*e‘S- w;-hmas the one seen
above, p protec e exposed area
the banks rather than steep ones. e Wi b vl warciation. asid
The steeper the grade, the quicker incorporate natural materials to help
the water enters the drain, the more vegetation get reestablished.

unstabie banks become, and the more
likety erosion will take place.

Natural channel desizn features can be incorporated into drains where appropriate.
Natural channels are efficient at moving both water and sediment, as well as
providing long-term stability for the drain and enhancing fish habitat.
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