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1 Introduction
Conservation authorities are local watershed management agencies that deliver services and
programs that protect, restore, and manage water and other natural resources in partnership
with local municipalities, government, landowners, and other organizations and agencies.
Together, conservation authorities are mandated to ensure the conservation, restoration, and
responsible management of Ontario's water, land and natural habitats through programs that
balance human, environmental, and economic needs.
The Nottawasaga Valley Conservation Authority (NVCA) was formed in 1960 and has
jurisdiction over a large geographic area that encompasses approximately 3700 km 2. The
NVCA watershed includes 18 municipalities in the counties of Simcoe, Dufferin and Grey
(Figure 1.1-1).
As a public agency partner, NVCA provides expertise to help protect the water, land, and
future of the area under its jurisdiction and is leading innovative watershed management. This
includes developing, and implementing, an Integrated Watershed Management Plan (IWMP)
which is a key planning tool intended to ensure that the overall balance between human and
economic needs, and the needs of the natural environment, are maintained into the future.
This focus on future conditions is especially relevant given the forecasted growth and
population targets for the municipalities in NVCA’s jurisdiction as outlined in the Province’s
recent Growth Plan for the Greater Golden Horseshoe (Ministry of Municipal Affairs, 2017) and
the anticipated effects of climate change.
NVCA completed its first IWMP in 1996 and implemented many of the recommendations from
that study; the study is now considered to be outdated. A new IWMP is needed to provide
long-term guidance for NVCA management activities that reflect contemporary watershed
conditions and future anticipated changes related to climate change and urban growth. The
IWMP will need to address the requirements of multiple provincial policies and legislation
including:







Growth Plan (2017);
Greenbelt Plan (2017);
Niagara Escarpment Plan (2017);
Oak Ridges Moraine Conservation Plan (2017);
Provincial Policy Statement (2014); and,
Municipal Official Plans.
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The IWMP will build upon recent work and recommendations made regarding anticipated
climate impacts within the NVCA watershed and will support both member municipalities and
upper tier municipalities in responding to the climate change requirements in the updated
Provincial Policy Statement. The updated IWMP will also support the watershed management
components now required under the provincial Growth Plan.
1.1

The Integrated Watershed Management Planning Process

Integrated Watershed Management Planning (IWMP) is defined by Conservation Ontario as
the process of managing human activities and natural resources on a watershed basis, taking
into account social, economic and environmental issues, as well as community interests in
order to manage water resources sustainably. Conservation Ontario (2010a) notes that,
through Integrated Watershed Management (IWM), all community interests work together to
identify what issues and actions are impacting the watershed’s resources and then map out
different strategies and plans to address those issues. These plans and strategies are
implemented, monitored, reported on, and updated, on a regular basis, in order to adapt to
changing land uses, new or increasing stressors (e.g., climate change), new information or
different management approaches.
In 2010, Conservation Ontario (2010a, b) developed a series of documents in collaboration
with the Ontario Ministries of Natural Resources Environment, and the Department of Fisheries
and Oceans Canada to explore the understanding of IWMP in Ontario and assess it against
other IWM strategies, globally and nationally. This formed the basis for informing a Provincial
IWM Framework (Conservation Ontario, 2010a) and guides the current NVCA and member
municipality initiative of developing an updated IWMP for the NVCA watershed.
Through the IWMP study process, which includes stakeholder/ public engagement, watershed
issues, opportunities and constraints are be identified. These form the basis for identifying and
assessing various strategies that are considered effective for the achievement of a balance
between human and economic needs and the needs of the natural environment. The
strategies will be discussed, and advanced, through consultation with the stakeholders and
NVCA’s technical team. It is anticipated that the diversity of watershed conditions and issues,
will require geographic consideration and prioritization that must be balanced by the various
challenges and priorities of member municipalities. A summary of the key steps that will be
followed in developing the NVCA IWMP include the following:
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Task 1 – Watershed Characterization Report;
Task 2 – Identify Watershed Issues;
Task 3 – Develop Strategies and Plan Report;
Task 4 – Prepare Draft IWMP; and
Task 5 – Final Plan Approval.

Environment
Water Quality
Biodiversity
Pollution
Aquatic Habitat
Geology
Climate Change

Economy
Manufacturing
Agriculture
Hydropower
Transportation
Forestry
Tourism

1.2

Society
Drinking Water
Flood Risk
Recreation
Waste Management
Land Use

Study Goals, Objectives and Key Tasks
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The goals of the IWMP are:







To create a document that can provide direction and assistance to the NVCA and their
municipal partners in the implementation of policy requirements related to watershed
planning including natural heritage and water resource conservation, natural hazard
management, climate change, biodiversity and resilience planning;
To create a document that provides clear recommendations that are supported by
policy, can be implemented, and are measurable;
To create a document and process that thoughtfully considers and incorporates, where
appropriate, the input obtained through the agency, First Nations and stakeholder
consultation process; and,
To create an on-going relationship with watershed agencies, First Nations and
stakeholders for the long-term implementation, and monitoring of the IWMP
recommendations.

The objectives of the IWMP are to:







Complete a lifecycle costs/asset management analysis as part of a larger watershed
characterization;
Gather updated information on watershed characteristics (topography, land use, stream
morphology, existing stream flow, and watershed runoff coefficients) through various
means, including stakeholder engagement;
Provide recommendations to enhance, in the context of anticipated climate change and
future urban growth:
o Water quality and quantity
o Flood and erosion management
o Resilient biodiversity and habitats
o Sustainable economic and recreation opportunities
o Improved quality of life and neighbourhood desirability
o Ability of the watershed to adapt to stressors
Provide a mechanism for public consultation and review of the proposed IWMP; and

Engage stakeholders in the process, particularly during the development of strategies and
options.
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2 Background
The NVCA’s current Watershed Management Plan was finalized in 1996 and was intended to
provide management direction for a 1996 to 2015 planning horizon; the report was updated in
2006. In its review of its 1996 Watershed Plan in 2005, NVCA noted that the following were the
“big picture” water related, environmental issues facing their member municipalities (these
were also previously identified in the 1996 plan):




Impacts from growth (i.e., on the natural heritage and aquatic ecosystems);
Water quality and quantity concerns (including impacts from septic system septage,
land use practices, water takings and increased flooding); and
Environmental impacts on water resources from natural resource extractions
(aggregates, peat, and water bottling).

Many, if not all, of the recommendations made in the 1996 document have since been
implemented by the NVCA and its municipal partners. Subsequent to the 2006 Watershed
Management Plan update, there have been numerous provincial policy and legislative changes
that have triggered the need for the creation of a new Integrated Watershed Management Plan
(IWMP) for the NVCA and its municipal partners. A key consideration in the preparation of the
updated IWMP is the need to establish a better understanding of the implications of a changing
climate on the watershed.
The NVCA has initiated many studies to enhance understanding of the natural resources within
its jurisdiction. This includes a Source Water Protection Study (2015), an Assimilative
Capacity Study (2006), and a Fisheries Management Plan (2009). In addition to these
watershed wide studies, there have been numerous, more localized studies that have
addressed watershed issues that have arisen since the 2006 Watershed Management Plan
update; this includes, for example, the Black Ash Creek Subwatershed Study and the Innisfil
Creek Instream Flow and Drought Management Plan. The NVCA has also established a
watershed monitoring program that has expanded in scope over the years.
Most recently, the NVCA completed a Climate Change Strategy. Through the NVCA Climate
Change Strategy and Action Plan process, the need to update the 1996 Watershed
Management Plan, and to create an Integrated Watershed Management Plan (IWMP), was
identified. In addition to climate change, the IWMP will need to address current and emerging
legislation, provide an overview of the existing state of the watershed (terrestrial, aquatic, water
quality and quantity), and to identify key stressors and key opportunities and ultimately, to
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present recommendations that could be implemented by the NVCA and their watershed
partners to protect, enhance, and restore the NVCA watershed.
The NVCA developed its 2014 to 2018 Strategic Plan document in which specific goals and
corresponding objectives were stated, which will be reflected in the IWMP, including the
following:
Goal 1: To protect, enhance and restore the watershed to support a healthy environment,
healthy communities and healthy lifestyles by anticipating and taking action to address
watershed impacts and pressure. Objectives include:
1. Protect life and property from hazards.
2. Protect, enhance and restore watershed health and promote sustainable
development.
Goal 2: To inspire others - through active collaboration, leadership and innovation - to take
action to improve the health of the watershed. To cultivate greater knowledge of the watershed
to advance effective decision making. Objectives include:
1. Promote the watershed and the NVCA.
2. Seek new knowledge and share information.
Goal 3: To connect people to the environment through outdoor watershed experiences.
Objectives include:
1. Connect people with the watershed and promote partnerships and collaboration.
These goals and objectives represent an integration of the natural, social and economic
environments which is the foundation of the IWMP. The NVCA must work with others to build
knowledge and understanding so that the watershed remains resilient in the face of a changing
landscape and so that the decisions made today help to shape healthy watersheds and
healthy communities for tomorrow.
The first step in developing the updated IWMP is to develop an understanding of watershed
characteristics, conditions, resources, and assets based on a review of existing data and
information, mapping and analyses available through GIS mapping. The collective knowledge
of NVCA staff and key stakeholders (member municipalities, First Nations, public, development
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community, agencies, etc.) will be integrated into this report. Included in the characterization is
a high level ecological lifecycle cost/asset management analysis.

3 Environment
The purpose of this chapter is to develop an understanding of the existing environmental
characteristics and conditions of the approximately 3700 km 2 area that is under the jurisdiction
of the Nottawasaga Valley Conservation Authority. This understanding will form the basis for
identifying linkages across different environmental disciplines and within the cultural and
economic environments that are outlined in subsequent chapters. The overview of existing
conditions will lead to the identification of gaps in our understanding and both issues and
opportunities for consideration in the IWMP process. The understanding of existing conditions
is based on a review of documentation that has been previously prepared for the study area.
3.1

Surface Drainage Network

3.1.1 Introduction
The origin, form, and structure of the drainage network and the watercourses on a land surface
are primarily due to the interaction between geology and hydrology. Geologic history
determines landscape physiography, characteristics of floodplain materials, and hence
resistance to erosion. Hydrology determines the magnitude of flows that are conveyed by the
watercourse, thereby influencing the size of the watercourse; patterns of the drainage network
determine hydrograph shape in response to precipitation events. The effects of hydrology and
geology are moderated by vegetative cover, land use, and alterations to the watercourse (i.e.,
by animal or human actions). Over time, a watercourse develops a channel form that is
adjusted to, or in equilibrium with, the modifying and controlling factors of channel form.
Watercourses receive water and sediment from adjacent and upstream watershed areas and
convey these downstream through their drainage network. Since any part of the drainage
network is part of a spatial continuum, understanding of channel conditions and functions
requires a spatial context. Since watercourses become adjusted to the factors affecting
channel form and respond to any change in modifying or controlling influences that occur
within the watershed and along the channel corridor, a temporal perspective is beneficial to
understand existing channel conditions (e.g., the current channel may be responding to
changes in flow, riparian vegetation, or sediment loading that occurred some time ago).

Ecosystem Recovery Inc

Project 1808

8

NVCA

Integrated Watershed Management Plan:
Characterization Report

3.1.2 Overview
Within the NVCA watershed, streams and rivers have their origins in the Dundalk Till Plain and
Niagara Escarpment in the west, Simcoe Uplands and Oro Moraine in the east and Oak
Ridges Moraine in the south. There are 10 defined, and named, aquatic management zones,
most of which are sub-watersheds (Figure 3.1-1). The largest watershed under NVCA’s
jurisdiction is the Nottawasaga River which has a length of approximately 122 km along its
main channel and a drainage area of 2,964 km 2. The main branch of this river arises in the till
moraines of Amaranth Township at an elevation of almost 490 metres above sea level (masl).
The Nottawasaga River has a total drop of approximately 313 metres to its outlet at Wasaga
Beach into Georgian Bay at 177 masl. The average gradient of the Nottawasaga River is 2.6
metres per km however, the gradient is often greater than 20 metres per km in the headwater
reaches that originate from within the Niagara Escarpment, and less than 1 meter per km in its
lower reaches (i.e., in the Algonquin Sand Plain). The Nottawasaga River has five major
tributaries; including the Mad River, Pine River, Boyne River, Innisfil Creek and Willow Creek.
In addition to the Nottawasaga River, the NVCA watershed includes, four smaller streams that
originate from the Niagara Escarpment in the northwestern part of the NVCA watershed area
and drain into Georgian Bay. These include the Silver Creek, Black Ash Creek, Pretty River
and Batteaux River. The north-eastern portion of the NVCA watershed encompasses the
headwaters of 5 streams which drain into Severn Sound including the Wye River, Hog Creek,
Sturgeon River, Coldwater River and North River.
3.1.2.1 Morphometric Drainage Network Characteristics
An overview of key morphometric attributes of each of the individual watersheds situated within
NVCA’s watershed boundary is provided in Table 3.1-1. Drainage density is a measure that
represents the length of channel available to drain water within a study area and is simply
expressed as the ratio of channel length (km) per square kilometre of drainage area. In natural
watercourses, a low drainage density (i.e., fewer watercourses) typically indicates more
infiltration (more permeable materials) and less runoff, resulting in longer lag times and lower
peak flows. A higher drainage density indicates a proportionally larger number of
watercourses that convey water over a less pervious landscape. Human alterations of
drainage patterns (i.e., tile drains, piping, topographic regrading) will alter the drainage density
that might otherwise naturally exist within any given area.
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Table 3.1-1. Watershed drainage network characteristics

Basin
Blue Mountains
Watersheds
Batteaux
Black Ash
Georgian Bay
Georgian Bay C & D
Georgian Bay E
Georgian Bay F & G
Pretty
Silver
Boyne River
Subwatershed
Innisfil Creek
Subwatershed
Bailey
Beeton
Cookstown
Innisfil
Penville

Ecosystem Recovery Inc

Drainage
Area (km2)

Proportion
of NVCA
Watershed

Total Stream &
Drain Length
(km)

Drainage
Density
(km/km2)

222.7

6%

417.4

1.87

122.8
62.0
9.9
10.0
2.8
24.2
148.8
48.8

1.91
1.56
2.12
1.72
0.79
1.55
2.23
1.74

64.3
39.8
4.7
5.8
3.6
15.6
66.9
28.1
239.9

7%

414.0

1.73

490.0

14%

913.8

1.86

254.2
176.7
60.6
325.4
97.8

2.01
1.96
1.85
1.79
1.62

126.3
90.4
32.8
181.3
60.2

Project 1808

Municipal
Drain
Length
(km)

Award
Drain
Length
(km)

Unclassified
Drain Length
(km)

2.4
13.5

46.7

14.9
10.2
18.7
90.7
16.6

7.5
2.1
4.8

18.6
0.4
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Basin
Lower Nottawasaga
River Reach
Lamont
Lower Nottawasaga
MacIntyre
Marl
Mad River
Subwatershed
Mad
Noisy
Coates
Middle Nottawasaga
River Reach
Baxter/Thornton
Bear
Mid Nottawasaga
Pine River
Subwatershed
Lisle
Pine
Severn Sound
Watersheds
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Drainage
Area (km2)

Proportion
of NVCA
Watershed

Total Stream &
Drain Length
(km)

Drainage
Density
(km/km2)

455.8

13%

624.0

1.37

58.6
280.8
136.7
110.7

1.56
1.28
1.66
1.24

838.2

1.85

506.5
161.5
173.3

1.82
1.65
2.11

464.2

1.56

51.2
137.8
319.0

1.25
1.55
1.59

559.7

1.61

63.3
496.4

1.51
1.61

576.8

1.36

37.6
219.9
82.1
89.6
451.9

13%

277.8
97.9
82.0
296.8

8%

41.0
88.6
200.2
347.2

10%

42.0
308.8
423.8

12%

Project 1808

Municipal
Drain
Length
(km)

Award
Drain
Length
(km)

38.8
6.3
17.6

6.8
0.7
13.4

4.3

2.5

Unclassified
Drain Length
(km)

0.5
31.9
27.2
3.4

13.2
20.9

7.7
33.8

1.5

2.9
6.0

9.0

5.7
2.9

1.3
27.3
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Basin
Bass Lake
Coldwater
Sturgeon
Wye
Upper Nottawasaga
River Subwatershed
North Branch, Up.
Nott.
Sheldon
South Branch, Up.
Nott.
Upper Nottawasaga
Willow Creek
Subwatershed
Matheson
Willow
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Total Stream &
Drain Length
(km)

Drainage
Density
(km/km2)

53.4
276.4
145.4
118.8

1.07
1.46
1.75
1.19

541.6

1.60

74.8

94.6

1.26

86.0

139.8

1.63

76.3

77.6

1.02

127.7

232.5

1.82

479.1

1.56

153.4
327.3

1.60
1.54

Drainage
Area (km2)

Proportion
of NVCA
Watershed

49.9
189.4
83.1
99.5
338.1

306.6
95.8
211.9

9%

9%

Project 1808

Municipal
Drain
Length
(km)

Award
Drain
Length
(km)

Unclassified
Drain Length
(km)

6.1
11.0

4.8

4.1

11.1

1.6

4.2

6.7

1.7

1.5
1.7
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3.1.2.2 Drainage Network Alterations
The drainage network in Southern Ontario is typically altered in conjunction with both urban
and rural land uses. Within the NVCA watershed, a substantial portion of small and medium
sized watercourses have been altered as part of agricultural practice and to accommodate
development. Further, a substantial number of the headwater drainage features within the
NVCA watershed have been altered or lost. In urban areas, smaller watercourses were often
removed from the surface drainage network to accommodate development; many of these
watercourses have been replaced with a storm sewer drainage network.
Drainage network alterations often result in a loss of channel length which, in turn, increases
the energy and erosive power within the altered channel section; the altered flow and energy
condition persists downstream. Changes in hydrograph characteristics and energy conditions
can lead to increased channel bank and bed erosion, and sediment transport potential.
Increased erosion can threaten built assets (e.g. buildings, infrastructure) and lead to a
deterioration of water quality and aquatic habitat. Within the NVCA watershed, the effects of
changes in flow regime and channel alterations are pronounced in along Innisfil Creek and its
tributaries.
3.1.2.3 Drainage Network Conditions and Processes
Dominant channel processes within a watercourse are influenced by its position along the
drainage network. Headwater channels are typically identified as areas of erosion and
sediment sources, middle reaches are associated with sediment transport, and lower reaches
are associated with deposition. While this follows the ‘classic’ scheme, in reality, the sequence
of processes is influenced by local variations in channel grade and flow energy conditions.
Areas where the watercourse gradient decreases locally may correspond with sediment
deposition, and areas where the channel gradient increases may correspond to sediment
transport or erosion. These channel processes contribute to the deteriorated water quality
conditions within NVCA’s watercourses (see Section 3.5) and may contribute to observed
erosion and instability. A discussion of erosion is provided in Section 4.3.3.
Human modifications of the landscape, and land use practices may lead to increases in
sediment influx that influence channel stability. In the NVCA watershed, this may coincide with
areas of uncontrolled livestock access to a watercourse, removal of wetlands and floodplains,
and confinement of channels due to infrastructure and development.
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3.1.2.4 Constructed Drainage Systems
Review of NVCA mapping shows that there are three types of drains within the NVCA
watershed, including: municipal drains, award drains, and unclassified drains. The drain types
include both open and closed/tiled drains. A summary of the length of these drains is provided
in Table 3.1-1.
Award Drains
Award drains are built under the authority of the Ditches and Watercourses Act when an
individual ‘requisitions’ the municipality for a drain (OMAFRA, 2016). Award drains are present
in the Pine River, Innisfil Creek and Lower Nottawasaga River Watersheds (Figure 3.1-1,
Table 3.1-1).
Municipal Drains
Municipal drains are a drainage system, typically located in rural agricultural areas, that
includes open ditches or closed systems such as pipes or tiles that are buried underground;
they can also include buffer strips, grassed waterways, storm water detention ponds, dykes or
berms (OMAFRA, 2001). Most municipal drains were constructed to improve drainage of
agricultural land and received the outflow from buried tile drainage systems. Municipal drains
also remove excess water collected by roadside ditches, residential lots, churches, schools,
industrial and commercial lands in rural areas.
While there are many drainage ditches and buried pipes in the province of Ontario, not all are
municipal drains. Municipal drains are created under the authority of the Drainage Act and are
the result of a process including the following three elements (OMAFRA, 2001):
Community Project – if a landowner’s request to solve a drainage issue satisfies specific
criteria, then the municipality appoints an engineer who identifies a proposed solution and how
the cost should be shared. All landowners within the watershed are given the opportunity to
voice concerns discuss the proposed solution. The end result of the process is a “communally
accepted” project.
Legal Existence – a by-law must be passed by the municipality to adopt the engineer’s report.
The municipality then has the authority and responsibility to construct the project.
Municipal Infrastructure – once the municipal drain has been constructed, under the
authority of the by-law, then it becomes part of the municipal infrastructure.
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The largest concentration of municipal drains within the NVCA watershed area are located in
the Innisfil Creek Sub-watershed. Municipal drains also occur in the Lower and Middle
Nottawasaga River Sub-watersheds (Figure 3.1-2, Table 3.1-1).
Unclassified Drains
Unclassified drains are those which have not yet been designated with a legal status of either
municipal or award type drains within the NVCA GIS database. Unclassified drains are
concentrated in the west of the NVCA watershed in the headwaters of the Boyne, Pine, and
Mad River Subwatershed (Figure 3.1-2, Table 3.1-1).
Summary
In addition to enabling the efficient drainage of land surfaces to accommodate rural and urban
land uses, drains are an important component of the surface drainage network. That is, the
drains influence the hydrograph of receiving watercourses, provide direct or indirect aquatic
habitat, and affect water quality. Under future growth scenarios, opportunities to restore or
establish natural channel functions of drains could exist which would benefit the aquatic
environment (habitat, water quality) and flow hydrographs. Municipal drains could be used, in
the future, as part of the stormwater management drainage network. Subwatersheds with the
greatest portions of drain networks include Innisfil Creek and Lower Nottawasaga River
Subwatersheds.
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Geology, Physiography and Soils

3.2.1 Introduction
The NVCA watershed exhibits a diversity of landscapes, including the steep vertical cliffs of the
Niagara Escarpment to the west, the rolling topography of numerous moraines and drumlins,
and the broad flats of the Simcoe Lowlands. As noted by the Nottawasaga Valley Watershed
Health Check (NVCA, 2013i), the watershed is shaped like an open face bowl – the Niagara
Escarpment (west), Oak Ridges Moraine (south) and Simcoe Uplands/Oro Moraine (east and
north) represent the height of land along the edges of the bowl. Developing a comprehensive
understanding of the processes and features within the NVCA watershed requires an
identification of the form and function of the natural features that occur within it. The following
sections summarize key characteristics of the physiography, geology, and soils which are
present within the NVCA watershed area.
3.2.2 Physiography
The physiography of an area refers to spatial groupings of similar landscape characteristics
(i.e., landforms, rock or sediment type) that have a common geologic or evolutionary history
(Chapman & Putnam, 1984). The physiography within the NVCA jurisdiction is diverse and
includes 10 significant physiographic regions (Figure 3.2-1). The overall relief of the NVCA
watershed is approximately 350 metres, from a high of approximately 535 metres above sea
level (masl) on the top of the Niagara Escarpment, to a low of approximately 175 masl along
the Georgian Bay shoreline. The dominant features within the study area were largely formed,
or altered, by extensive glacial activity within the region.
The majority of the Nottawasaga Valley watershed is within the Simcoe Lowlands region.
These clay and sand flatland areas represent the extent of the glacial Lake Algonquin within
the watershed. An overview of each of the physiographic regions that occurs within the NVCA
watershed area is provided in Table 3.2-1.
Table 3.2-1. Overview of physiographic regions within the NVCA watershed area based
on Chapman and Putnam (1984)
Region
Dundalk Till
Plain

Area
(km2)
287

Ecosystem Recovery Inc

Description
The Dundalk Till Plain is characterized as a gently rolling,
partially drumlinized and fluted surface which ranges in
elevation from 485 to 525 m. The region is home to various
glacially formed features, including eskers, kames, and a
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Region

Area
(km2)

Guelph
Drumlin Field

6

Horseshoe
Moraines

643

Niagara
Escarpment

Oak Ridges
Moraine

207

90

Ecosystem Recovery Inc

Description
network of shallow meltwater channels that comprise the
headwaters of the Mad, Pine, Boyne, and Upper Nottawasaga
River subwatersheds.
The Guelph Drumlin field is a series of northwest-southeast
trending drumlins, which are commonly formed of till, sand
and gravel. They occur in the southern headwaters of the
Upper Nottawasaga subwatershed.
Chapman & Putnam (1984) identified two main landform
components of the Horseshoe Moraine including: (a) irregular,
stony knobs and ridges predominantly composed of till with
lesser amounts of sand, and (b) gravel and pitted sand, gravel
terraces and swampy valley floors.
The Horseshoe Moraine region and the Niagara Escarpment
region (see below) are primary headwater source area for the
Nottawasaga River, Sheldon Creek, Boyne River, Pine River,
Noisy River, Mad River, Batteaux Creek, Pretty River, Black
Ash, and Silver Creek systems.
The Niagara Escarpment is a bedrock feature that is oriented
north-south through the western side of the study area. The
escarpment is a cuesta formation which was formed by
differential bedrock erosion. The feature is mantled by the
unconsolidated sediment of the Horseshoe Moraines.
The physiographic region consists of a fractured dolostone
cap, the Amabel Formation, which is a regional aquifer sitting
on top of predominantly impervious shales of the Queenston
Formation and Clinton-Cataract groups. Unconsolidated
glacial deposits corresponding to the Horseshoe Moraine
physiographic unit (Chapman and Putnam, 1984) overlie the
dolostone bedrock and range in thickness from zero metres
near the crest of the Escarpment (i.e. the Nottawasaga Bluffs)
to greater than 30 metres.
The Oak Ridges Moraine is characterized by thick deposits of
gravel, sand and silt materials. The region has steep
hummocky topography and is characterized by relatively

Project 1808

19

NVCA

Region

Integrated Watershed Management Plan:
Characterization Report
Area
(km2)

Description
infertile soils within the NVCA jurisdiction. The kame moraine
feature is identified as having potential significance for
recharge capabilities, as the removal of fine materials (clay
and silt) through glacial processes leads to good drainage.

Peterborough
Drumlin Field

244

Schomberg
Clay Plains

157

Simcoe
Lowlands

1,180

The physiographic region provides headwater sources to
Beeton Creek and Baily Creek in the southern portion of the
watershed.
The drumlins that occur within this region display varying
morphologies, ranging from very well developed drumlins to
drumlinoid hills, which is reflective of the complex interactions
between rock type/structure and glacial influences. Drumlins
range from a few metres to more than 60 m in height, and are
composed primarily of Newmarket Till.
This physiographic region provides headwater sources to
Beeton Creek, Penville Creek, Innisfill Creek and Cookstown
Creek in the south-eastern portion of the watershed.
Temporary glacial lakes within the NVCA region created what
is described as “Schomberg Ponding”; this allowed for thick
deposits of silt and clay to accumulate, creating relatively flat
plains. Such materials are heavy, and the layered soils
generally do not facilitate much groundwater recharge. This
feature encompasses the middle reaches of Bailey and
Beeton Creeks.
The majority of the study area is located within the Simcoe
Lowlands, including the clay plains of Elmvale, Minesing, and
Stayner, and the sand plains of Tecumseth, Essa, and Camp
Borden.
The Simcoe Lowlands are characterized by the flat and gently
sloping bed of the glacial Lake Algonquin. The uppermost
shoreline cliff of lake Algonquin is very important, influencing
woodlands and groundwater discharge areas, and providing a
major terrestrial linkage, or corridor, to the valleys originating
from the escarpment. The significance of the collection of old
shorelines within NVCA’s jurisdiction has been recognized:
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Area
(km2)

Description
“No finer assemblage of abandoned shorelines is to be found
in the Province,” (Chapman & Putnam, 1984).

Simcoe
Uplands

644

Ecosystem Recovery Inc

Bevelled sand plains dominate the physiographic area.
Several sand dune features are present within the region,
located within glaciolacustrine or lacustrine deposits nearby
the shores of Georgian Bay. The Edenvale Moraine forms the
high-elevation till ridge which trends southwest-northeast in
the region.
The drumlinized till plains of the Simcoe Uplands and the Oro
Moraine have glacial and glaciofluvial origins. Islands from
the glacial Lake Algonquin materialize as ridge features
standing 60 m to 120 m above the valley floor. The Oro
Moraine is a significant regional groundwater recharge
feature, providing a groundwater recharge area and
headwater origins for fluvial systems, including Matheson and
Willow Creeks. The broad belt of sand hills, which is the
highest land form (400 masl) in the eastern margin of the
NVCA watershed. Sands are derived from Precambrian
rocks, with local limestone intermixed.
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3.2.3 Geology
3.2.3.1 Bedrock Geology
Bedrock geology of the NVCA watershed is defined as the Paleozoic sedimentary rocks
deposited during the Ordovician and Silurian geological periods (Table 4). Elevation of the
bedrock ranges from over 500 masl above the Niagara Escarpment to about 130 masl along
the basin’s eastern margin; regionally dipping towards the southwest (Armstrong and Dodge,
2007). Outcrop exposure is limited to the western part of the watershed, corresponding largely
to the Niagara Escarpment. A description of each of the stratigraphic units (See Table ) is
provided below in order of increasing age (i.e., oldest to most recent).
Table 3.2-2. Paleozoic stratigraphy of the NVCA watershed
Age

Series
Middle Silurian

Increasing

Lower Silurian
Upper Ordovician
Middle Ordovician

Stratigraphic Unit
Guelph Formation
Amabel Formation
Fossil Hill Formation
Clinton-Cataract Group

Cabot Head Formation
Manitoulin Formation
Whirlpool Formation

Queenston Formation
Georgian Bay Formation
Blue Mountain Formation
Simcoe Group
Collingwood Member
Lindsay Formation
Verulam Formation
Bobcaygeon Formation

The oldest Paleozoic strata are the limestone and shales of the Simcoe Group, which
predominates in the eastern part of the watershed (Figure 3.2-2). The oldest unit of the
Ordovician Simcoe Group, the Bobcaygeon Formation, ranges in thickness from 7 m to 87 m
and is dominated by limestone and shale. It is overlain by the Verulam Formation which
consists of limestone with interbeds of shales, and is 32 m to 65 m thick. The youngest unit in
the Simcoe Group sequence is the Lindsay Formation which has a thickness of roughly 67 m.
Collectively the units of the Simcoe Group correspond to shallow sea deposition in the Iapetus
Ocean.
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Overlying the Simcoe Group is the Blue Mountain, Georgian Bay and Queenston formations of
Upper Ordovician age. These formations are exposed in the western portion of the NVCA
watershed. The Blue Mountain Formation consists of shales and has a maximum thickness of
60m. The Georgian Bay Formation comprises shales with minor interbeds of siltstones and
limestones, averaging 100 m thick. The youngest unit is the Queenston Formation, with a
thickness ranging from 45 m to 335 m and dominated by shales with interbeds of limestones
and calcareous siltstones.
Overlying the Ordovician rocks are dolostones, shales, limestones, and sandstones of the
Lower Silurian Cataract Group which includes the Whirlpool, Manitoulin, and Cabot Head
formations. The Whirlpool Formation is comprised of up to 9 m of sandstone. The Manitoulin
Formation is exposed along the Niagara Escarpment and occurs extensively in the subsurface
of southwestern Ontario. It consists of dolostones with a maximum thickness of 25 m and
often contains fossils such as brachiopods, crinoids, and corals. The Cabot Head Formation
occurs throughout southwestern Ontario and the Niagara Peninsula. It consists of 10 m to 39
m of non-calcareous shales with minor calcareous sandstones, dolostones, and limestones.
The youngest Paleozoic rocks within the NVCA watershed are the dolomite of the Amabel and
Guelph formations of Middle Silurian age which extends from the Escarpment to the western
boundaries of the basin. The dolomites are up to 38 m thick and are very fossiliferous. These
units correspond to quiet water sedimentation into a shallow marine environment within the
Michigan Basin and correspond to a regional aquifer.
The bedrock geology is structurally marked by the Laurentian Channel: an infilled, prePleistocene eroded channel that connects Georgian Bay to Lake Ontario, with the valley
thawleg extending from approximately Wasaga Beach to the mouth of the Humber River.
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3.2.3.2 Surficial Geology
Surficial geology refers to those unconsolidated geologic materials overlying consolidated
bedrock. In Ontario, most surficial sediment was deposited either during the advancement, or
after the ablation, of the Laurentide Ice Sheet that began to subside approximately 13,500
years ago in the NVCA area. Units containing glacial till, gravels, sands, and clays were
deposited over bedrock during successive glacial advances and retreats in pre- and
Wisconsinan period (80,000 – 10,000 years ago).
Surficial geological knowledge of the Nottawasaga Valley watershed is important as
characteristics of surficial deposits can significantly influence a variety of natural forms and
processes, including groundwater infiltration/recharge and discharge, terrestrial habitat
features (e.g., wetlands), hydrologic functions, and fluvial processes among others.
Prominent physiographic features in the NVCA watershed include the Simcoe Uplands and
Lowlands, the Niagara Escarpment, and the Oak and Oro Moraines. Figure 3.2-3 outlines the
geologic depositional history of the Innisfil Creek subwatershed area which corresponds to a
stratigraphic package dating back to pre-Illionian times (>160,000 years before present). More
regionally, the NVCA is marked by deep water settling of Glacial Lakes Schomberg as the
glacier retreated to the north, ponding sediments to the south against the Oak Ridges Moraine
corresponding to a thick glacial lacustrine package. The continued ice retreat northward
results in the deposition of Glacial Lake Algonquin fine grain sediments in shallow water
sediments. This resulted in coarse-grained glaciolacustrine sediments being exposed at the
surface in valley forms, and functioning as the surficial aquifer. The Simcoe Uplands are
capped by a relatively continuous unit of Newmarket Till (deposited 18-24,000 years before
present), which has been streamlined and drumlinized in some areas (e.g., Innisfil Heights
uplands). Other surficial geological deposits within the NVCA jurisdiction include the Kettleby
Till glaciofluvial outwash deposits, and glaciolacustrine deposits.

Ecosystem Recovery Inc

Project 1808

26

NVCA

Integrated Watershed Management Plan: Characterization
Report

Figure 3.2-3: Generalized schematic of the major stratigraphic units and geologic events identified in the Innisfil Creek
watershed (BluMetric Environmental & Matrix Solutions, 2017).
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Figure 3.2-4: Generalized conceptual stratigraphy of upland and lowland valley complexes with inferred groundwater
flow (BluMetric Environmental & Matrix Solutions, 2017).
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Table 3.2-3. Overview of Surficial Geology within the NVCA watershed (Chapman &
Putnam, 2007).

Recent

Age

Deposits
Organic deposits

Materials
Peat, muck, and marl

Lacustrine deposits

Sand, gravelly sand and gravel,
near shore beach deposits

Tavistock Till

Silt till

Till plain, drumlins

Newmarket Till

Sandy silt till

Singhampton Moraine

Kettleby Till

Clayey silt till

Catfish Creek Till

Sandy silt to silt matrix, strongly
calcareous, moderately stony to
stony
Gravel, sand, silt, and clay,
deposited on abandoned flood
plains, terrace remnants
Gravel and sand, and minor till
deposits.

Late Wisconsinan

Pleistocene

Fluvial deposits

Glaciofluvial icecontact deposits

Glaciofluvial outwash
deposits
Glaciolacustrine
deposits
Till

Paleozoic

Bedrock

Ecosystem Recovery Inc.

Landforms

Esker, kame, end
moraine, ice-marginal
delta and subaqueous
fan deposits

Gravel and sand, includes
proglacial river and deltaic
deposits
Sand, gravelly sand, and gravel,
nearshore and beach deposits
Undifferentiated, predominantly
sandy silt to silt matrix,
commonly rich in clasts, often
high in total matrix carbonate
context
Undifferentiated carbonate and
clastic sedimentary rock (see
Section 3.2.3.1)
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3.2.3.3 Karst Landscapes
Karst is a term used to describe landscapes that display distinctive features resulting from the
chemical dissolution of sedimentary bedrock classified as carbonates (e.g., limestone and
dolostone in the NVCA watershed,) and evaporites (e.g., gypsum and salt). Karst landscapes
are typified by a variety of closed-surface depressions and moderately to well-developed
underground drainage systems that may include caves, caverns, and sinkholes, dependent on
the degree of karst development.
Known karst landscapes have been documented by the Ontario Geological Survey (OGS)
(2017) based on observed, measured field data, and data from published reports.
There are two areas within the NVCA watershed that have been delineated by the OGS as
potential karst landscapes (i.e., areas of carbonate rock units that are susceptible to karst
processes) evidenced through the presence of caves, sinkholes, grikes, and solution features.
Areas of known karst settings are primarily adjacent to the Clinton-Cataract Group formation
along the Niagara Escarpment. These regions extend along the western portion (to the west of
the Niagara Escarpment) and the south-eastern portion of the watershed. Three cave systems
exist within the jurisdiction, as shown on Figure 3.2-6. Confirmation of karst landscape is
accomplished through study and documented observations.
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3.2.4 Soils
The physiographic diversity of the NVCA jurisdiction has resulted in the presence of a wide
variety of soil types and, as a result, varying soil permeability (and associated hydraulic
conductivity). Soils are formed by surface weathering of the underlying sediments (parent
material); other factors such as slope and drainage determine soil type. Surficial geology
corresponds to glacial and postglacial processes and associated sediments such as sand,
gravel, and clay. Soil characteristics (e.g. grain size distribution, percent organic matter,
horizon differentiation, etc.) influence the type and productivity of vegetation communities
which may grow within the watershed. Soil types also influence water infiltration/recharge
rates.
Coarse-textured soils (gravel and sand) allow for greater water infiltration than in comparison
to finer-textured soils (clay, silty loam). The location of surficial sand and gravel deposits is
important for identifying potential regional groundwater recharge and discharge areas, and for
influencing land use management.
Due to the heterogeneity of the surficial geological, numerous soil types exist within the NVCA
watershed. A hydrological characterization of the porosity, or infiltration capability, for common
soil types that occur within the NVCA watershed is presented in Table 3.2-4. The location of
the various soil types is illustrated on Figure 3.2-7. Extensive sections of the Simcoe
Lowlands physiographic region are characterized by permeable sandy soils; localized areas of
less permeable soils within the Simcoe Lowlands are associated with more recent deposits of
mud and muck (e.g., Minesing Wetlands). Areas of lacustrine silts, clays (e.g., the Beeton clay
plain), and offshore sand surficial deposits demonstrate heavier and more fertile soils with a
mainly loam and clay loam texture.
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Table 3.2-4. Hydrologic soil groups
Group

Area
(km2)

Texture

Saturated
Hydraulic
Conductivity
(cm/s)
>0.004

Infiltration Rate and Runoff Description

A

659

B

1,808

Fine Sand,
Gravel, Sandy
Gravel, Silty
Gravel, Loamy
Sand, Sandy
Loam
Fine Sandy
Loam, Loam,
Silt Loam

0.001 to 0.004

Soils with moderate infiltration rates when
completely wetted; primarily sandy loam
soils with moderately fine to moderately
coarse textures.
Soils which have slow infiltration rates when
thoroughly wetted and are typically siltyloam soils with an impeding layer or soils
with moderately fine to fine texture/.
Soils which have a high runoff potential and
very slow infiltration rate when thoroughly
wetted. Soils include clay soils with high
swelling potential, soils in a permanent high
water table and shallow soils over nearly
impervious material.

C

579

Silt Loam,
Sandy Clay
Loam

D

388

Clay Loam, Silty <0.0001
Clay Loam,
Sandy Clay,
Silty Clay, Clay

0.0001 to
0.001

Soils which have a low runoff potential and
high infiltration rate, as the soils are typically
composed of sands and gravel.

Sources: MOECC, 2003; USDA, 2007
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Groundwater

3.3.1 Introduction
Groundwater is an important component of the hydrologic cycle, providing drinking water,
supporting wetlands and other hydrologic features and functions, producing baseflow to
watercourses, and moderating in-stream temperatures that influence aquatic habitat, etc.
Through various studies and monitoring efforts, NVCA has developed a sound understanding
of the groundwater discharge, recharge, and source protection areas that occur within the
NVCA watershed. Specific documents that form the basis of the groundwater conditions
understanding include the following:






Nottawasaga Valley Source Protection Area Approved Assessment Report (NVCA,
2015b)
South Georgian Bay Lake Simcoe Approved Source Protection Plan (LSRCA, 2015)
Source Protection Plan Implementation Study: Background Report for Simcoe County
(County of Simcoe, 2014)
NVCA Provincial Groundwater Monitoring Network 10 Year Evaluation and Review
(NVCA, 2013a)
NVCA Provincial Groundwater Monitoring Network Groundwater Quality Overview
2002-2013 (NVCA, 2013b)

3.3.2 Groundwater Monitoring
3.3.2.1 Provincial Groundwater Monitoring Network
The Provincial Groundwater Monitoring Network (PGMN) is designed to gather long-term,
baseline, data on groundwater quantity and quality in key aquifers across Ontario (NVCA,
2013a). The data collected from the PGMN monitoring wells enables accurate assessments of
groundwater conditions, and provides for an early warning system for changes in water levels
(i.e., due to climatic conditions or in response to human activities) and water quality.
Knowledge of current and emerging trends in groundwater conditions can provide insight for
groundwater policies and management programs. Based on the combination of groundwater
susceptibility, geology, local aquifer conditions, and local land use; there are 11 targeted areas
for PGMN monitoring wells were delineated for the NVCA. Rationale for each of these
targeted areas is provided in NVCA (2015a).
In partnership with the Ministry of the Environment and Climate Change (MOECC), NVCA
maintains and monitors 19 PGMN wells at 10 locations across the NVCA watershed (Figure
3.3-1); these wells were established as early as 2002 (NVCA, 2013a). The majority of the
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wells are concentrated in the central-eastern aspect of the watershed; however, two sites
(W505,506,057 and W486-2) are located west of the Niagara Escarpment. Physiographically,
the wells are overwhelmingly concentrated in the Simcoe Uplands and Simcoe. The Hockley
Valley, Shelburne, and the Blue Mountain/Collingwood rationale areas currently lack PGMN
wells. The Severn Sound Environmental Association monitors PGMN wells that are located
outside the NVCA watershed but within the NVCA jurisdictional boundary.
Each of the wells are instrumented with continuous data logging equipment and are corrected
for barometric pressure; recording levels, and temperature on an hourly basis. Two PGMN
sites include a rain gauge (Bradford and Bonnefield) and one PGMN site also has recently
installed soil moisture monitors (Bradford). The Bradford and Bonnefield PGMN sites have a
FTS axiom modem and several other PGMN sites have the FTS Hopper units. This information
is incorporated into the MNRF WiskiSoda system.
Thirteen (13) of the 19 wells are consistently sampled for general chemistry and metals
following the MOE (2009) protocol; water quality results are compared to the Ontario Drinking
Water Quality Standards, Objectives, and Guidelines (ODWSOG). Table 3.3-1 summarizes
characteristics of the established PGMN wells. Complete documentation of operational,
existing, and inter-program data for each well within the NVCA watershed is presented in the
Provincial Groundwater Monitoring Network (PGMN) 10 Year Evaluation and Review (NVCA,
2013a) report.
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3.3.2.2 Simcoe Groundwater Monitoring Program
The Ontario Geological Survey is presently undertaking two (2) three-dimensional (3D)
geologic modeling projects with the stated purpose of understanding the Quaternary deposits
in south and central Simcoe County. These projects will result in the development of
interactive 3D models of Quaternary geology that can: 1) support studies involving
groundwater extraction, protection and remediation; 2) assist in the development of policies;
and 3) understand the interaction between surface water and groundwater (Bajc, Burt, &
Rainsford, 2011).
Within the NVCA, approximately 29 boreholes have been completed into NVCA monitoring
wells. The sites consist of either twinned wells containing an unconfined shallow well and a
deep well or a single well. Similar to the PGMN wells, these monitoring wells are equipped
with Solinst Leveloggers that record hourly groundwater level and temperature. Water quality
analysis is completed on a case by case basis.
3.3.2.3 Minesing Groundwater Monitoring Program
The Minesing Wetlands, spanning an area of more than 6,000 hectares, are located in Simcoe
County and have been designated as a wetland of international significance. The Minesing
Wetlands is home to a diverse array of habitats including the Hine’s Emerald dragonfly
(Somatochlora hineana, HED) (Section 3.7).
Groundwater monitoring in the Minesing Wetlands was completed through a series of shallow
monitoring wells located along two transects, T3 and T6. Originally established in 1996 as part
of a PhD thesis research study (Bradford, 1999), seventeen (17) of the original groundwater
monitoring sites were located through field reconnaissance in 2009 (Post et al., 2010). The
transects commence at the Glacial Lake Payette shoreline which is situated at the eastern
margin of the wetlands and terminate in the fen (Post, 2009). Each groundwater station
consists of a standpipe screened just below the surface of the peat and a piezometer screened
just above the mineral soil (screen mid-point range = 1.5 m to 2.3 m). In October 2013, nine (9)
additional monitoring sites were installed along the T3 and T6 transects, in areas of known cooccurrence of HED and digger crayfish and two (2) drilled monitoring wells were installed in the
recharge area that is upgradient of the fen.
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Table 3.3-1. PGMN wells in NVCA jurisdiction (NVCA, 2013a; NVCA, 2016a)
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3.3.3 Hydrostratigraphy
The geology of an area determines the distribution and movement of groundwater (i.e.,
hydrogeology). Hydrostratigraphy refers to the spatial mapping of geological units based on
their water-bearing properties (e.g., aquifers and aquitards). Due to the variety and spatial
heterogeneity of the unconsolidated geological deposits within the NVCA watershed, the
hydrostratigraphy of the region is complex. The NVCA watershed is characterized by a series
of four regional aquifers, denoted as A1 (Oak Ridges Moraine equivalent), A2 (Thorncliffe
Formation equivalent), A3 and A4 (Table 3.3-2). Where they are present, each of the regional
aquifers are separated by an aquitard unit or confining bed which is a much less permeable
geologic unit in comparison to an aquifer. Broadly, the regional groundwater flow paths
correspond to the local surface drainage and flow towards the Nottawasaga River and its
tributaries, or to Georgian Bay (NVCA, 2013b). Cross-sectional interpretations of the regional
aquifers are demonstrated in Figure 3.3-2 and Figure 3.3-3 (NVCA, 2015b).
Table 3.3-2. Regional aquifers in the NVCA watershed (Source: NVCA, 2013b)
Regional
Aquifer

A1

A2

A3

A4

Description





Unconfined aquifer
Coarse-grained and interglacial sediments
Unit thickness from 10 m – 50 m
Considered as a recharge unit



Predominantly confined aquifer; unconfined in Wasaga Beach,
Stayner and Angus
Unit thickness from 25 m – 100 m
Commonly used for private water supplies and smaller municipal
water supply wells








Unit thickness generally 35 m; 70 m thick north of the Oro Moraine
Medium to coarse-grained sediments
Water supply to Alliston, Angus, Barrie, Colgan, Horseshoe Valley,
Midhurst, Orillia, Stroud, Tottenham and Wasaga Beach





Unit thickness 3 m – 30 m
Medium sized coarse-grained sand and gravel
Not continuous across the watershed
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Figure 3.3-2. North-south aquifer cross-section (NVCA, 2015b)
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Figure 3.3-3. East-west aquifer cross-section (NVCA, 2015b)

Ecosystem Recovery Inc.

Project 1808

44

NVCA

Integrated Watershed Management Plan:
Characterization Report

3.3.4 Groundwater Recharge Areas
Groundwater recharge can be defined as, “the entry into the saturated zone of water made
available at the water-table surface, together with the associated flow away from the water
table within the saturated zone,” (Freeze and Cherry, 1979). The mean annual groundwater
recharge for Simcoe County ranges from 70 mm – 335 mm, with the highest recharge rates
occurring in the lower Pine River, Willow Creek and Lower Nottawasaga River subwatersheds,
and the lowest rates occurring in the upper Nottawasaga River watershed (NVCA, 2015b).
Physiographically, recharge rates are higher in coarse grain sediments (e.g., Oak Ridges and
Oro Moraine deposits) than in finer grained depositions (e.g., Newmarket Till-capped Simcoe
Uplands and the Schomberg Clay Plain area). In general, areas delineated as key
groundwater recharge zones within the NVCA watershed include the Oak Ridges Moraine, Oro
Moraine, and Niagara Escarpment (see Figure 3.2-1 for physiography). Significant recharge
areas that occur within the NVCA watershed are presented in the Nottawasaga Valley Source
Protection Area Approved Assessment Report (NVCA, 2015b), and are mapped on Figure
3.3-4.
3.3.5 Groundwater Discharge Areas
Discharge areas are locations where groundwater transitions to the surface through springs or
seeps, often into wetland features or watercourses. The discharge areas within the NVCA
watershed corresponds well to stream valleys and wetlands; groundwater supports a
significant portion of the flow within the Boyne River, Mad River, Pretty River and Noisy River
(NVCA, 2015b). Areas of significant groundwater discharge occur at the base of the Niagara
Escarpment, flanks of the Simcoe Uplands, the Minesing Wetlands, and the Osprey Wetlands.
Further details regarding groundwater discharge and flow are presented in Greenland (2001);
a map of discharge areas for the Nottawasaga Valley watershed, as well as coldwater and
warmwater systems are presented in the Nottawasaga Valley Source Protection Area
Approved Assessment Report (NVCA, 2015b).
3.3.6 Groundwater Quality
Groundwater quality monitoring is essential for establishing baseline groundwater
characteristics in order to investigate long-term trends or impacts to groundwater quantity or
quality from human activities. Groundwater chemistry for the PGMN wells within the NVCA
jurisdiction has been documented from annual fall sampling; 13 of the 19 wells are regularly
sampled. The NVCA PGMN Groundwater Quality Overview 2002 – 2013 Report (NVCA,
2015b) summarizes the groundwater monitoring program.

Ecosystem Recovery Inc.

Project 1808

45

NVCA

Integrated Watershed Management Plan:
Characterization Report

General groundwater quality characterization typically focuses on major elements and
compounds that make up the dominant dissolved solids in the water. These include: calcium,
magnesium, sodium, potassium (cations), chloride, sulphate, bicarbonate and carbonate
(anions). Water quality analyses also include parameters such as hardness, electrical
conductivity, alkalinity and total dissolved solids, which typically reflect the degree to which
minerals are dissolved in the groundwater (NVCA, 2013b). Trace elements and metals are also
analyzed to identify issues of water potability (for metals such as copper, lead, nickel and zinc)
or for aesthetic water quality and treatment requirements for metals such as iron and
manganese.
Results from the PGMN groundwater monitoring program indicated that several wells exceed
the aesthetic objectives for aluminum, iron and manganese; these exceedances were
attributed to natural background levels (NVCA, 2013b). Well PGMN 486 (Amaranth) has
historically exceeded the Ontario Drinking Water Quality Standard (ODWQS) maximum
allowable concentration for nitrate.
Under Regulation 169/03 “Ontario Drinking-Water Quality Standards” from the Safe Drinking
Water Act, 2002, the aesthetic objective for sodium in drinking water is 200 mg/L. The local
Medical Officer of Health should be notified when the sodium concentration exceeds 20 mg/L
so that this information may be communicated to individuals on sodium restricted diets. In
2015, three wells exceeded the 20 mg/L Sodium (i.e., Na) (Table 3.3-3); no well within the
NVCA watershed has exceeded the aesthetic objective of 200 mg/L; however, W507-1
approached the aesthetic objective in 2014.
Overall, the Source Protection Area Report indicates that the groundwater quality in the NVCA,
based exclusively on PGMN data, is characterized as ‘good’ (NVCA, 2015b) (see Table 3.3-4).
Results of overall Chloride and Nitrite/Nitrate concentrations, as shown in Table 3.3-5.
Table 3.3-3. Historical and 2015 ODWQS exceedances, NVCA PGMN wells (2015)
Well ID
W486-1

Parameter
Nitrate +
Nitrite

W224-1

Sodium

Ecosystem Recovery Inc.

Sample Year
2012
2013
2014
2015
2006
2011
2012

Exceedance (mg/L)
12.6
14.2
10.3
11.6
25.4
26.6
25.8
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Well ID

Parameter

W244-2

Sodium

W245-2

Sodium

W323-4

Sodium

W507-1

Sodium
Flouride

Sample Year
2014
2015
2009
2010
2011
2014
2015
2010
2011
2009
2010
2011
2012
2013
2014
2015
2014
2015
2014
2015

Exceedance (mg/L)
25.1
25.6
20.3
20.3
21.1
31.1
33.1
23.4
24.2
84.1
81
79.4
77.7
81.6
78.1
74.6
191.1
194
1.62
1.79

Table 3.3-4. Groundwater quality grade, per well and associated subwatershed.
Well ID

Subwatershed

W244-2
W245-2
W479-1
W480-1
W281-1
W231-1
W232-2
W291-1
W230-1
W486-2

Willow Creek
Middle Nottawasaga River

Lower Nottawasaga River
Pine River
Upper Nottawasaga River

Ecosystem Recovery Inc.

75th Percentile
Chloride Nitrate + Nitrite
(mg/L)
(mg/L)
115.5
0.075
34.55
0.055
4.35
0.05
14.7
0.055
23.925
0.2825
4.15
1.325
9.475
0.1075
1.2
0.06
1.025
0.06
12.8
12.4
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A
A
A
A
A
A
A
A
A
C
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Well ID

Subwatershed

W224-1
W323-3
W323-4

Innisfil Creek

75th Percentile
Chloride Nitrate + Nitrite
(mg/L)
(mg/L)
27.5
0.07
11.425
0.4335
2.85
0.05

Grade

A
A
A

Table 3.3-5. Provincial groundwater monitoring program indicators NVCA watershed
results

3.3.7 Source Water Protection Plan
The NVCA watershed is within the South Georgian Bay Lake Simcoe Source Protection
Region. The South Georgian Bay Lake Simcoe Source Protection Plan was established under
the Clean Water Act, 2006, approved on January 26, 2015, and requires, among other things,
that the municipal Official Plans be brought into conformity with the Source Protection Plan
policies in accordance with Section 26 of the Planning Act. Focusing exclusively on municipal
drinking water supply, a component of the provincially approved Source Protection Plan is the
delineation of key groundwater related vulnerable areas: including wellhead protection areas,
highly vulnerable aquifers, and significant groundwater recharge areas (Figure 3.3-4).
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3.3.7.1 Wellhead Protection Areas
A wellhead is the physical structure of a well that is situated above ground. Wellhead
protection areas (WHPA) are delineated areas surrounding a wellhead where land use
activities have the potential to impact the quality or quantity of water that flows into the well.
There are 21 prescribed potential significant drinking water threats to the quality or quantity of
water under the Clean Water Act. The WHPAs are delineated based on how quickly water
moves underground to a well (see Table 3.3-6); rate of water movement is controlled by the
type of aquifer, slope, soils and amount of water pumped from a well, among other factors.
The Clean Water Act requires that policies be created for the 21 prescribed significant drinking
water threats (LSRCA, 2015).
Implementing authorities (often the municipalities) must review existing and proposed land use
activities, in light of the specific Source Protection Plan policies, within each WHPA to ensure
compliance and put measures into place to eliminate the threat (if it is an existing threat) or to
ensure that the threat is not permitted to exist (if it is a new proposed use).
Table 3.3-6. Wellhead protection areas
Area
WHPA-A

Description
100 metre zone around wellhead where the land use activities have the
potential to pose the most significant threat to the groundwater source.
WHPA-B
Zone where the time travel of 2 years for groundwater to reach the wellhead.
WHPA-C
Zone where the time travel of 5 years for groundwater to reach the wellhead
(WHPA-C1 – 10 years in some communities).
WHPA-D
Zone where the time travel of 25 years for groundwater to reach the wellhead.
Source: County of Simcoe, 2015
3.3.7.2 Highly Vulnerable Aquifers (HVAs)
In general, a Highly Vulnerable Aquifer (HVA) consists of granular aquifer materials or
fractured rock that have a high permeability, are exposed near the ground surface, and have a
relatively shallow water table. The vulnerability of the aquifer will typically be lower where a
greater thickness of fine-grained lower permeability soils is observed to cover the aquifer
(NVCA, 2015b). The largest HVA within the NVCA watershed is located in the Simcoe
Lowlands (i.e., within the Lower Nottawasaga and Willow Creek subwatersheds) (Figure
3.3-4). Potential policy application to HVAs corresponds to the Provincial Policy Statement and
corresponding municipal official plans as outlined in various schedules.
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3.3.7.3 Significant Groundwater Recharge Areas (SGRAs)
An area where rain or snow seeps into the ground and flows to an aquifer is called a recharge
area. Recharge areas tend to be areas that are characterized by permeable soils, such as
sand or gravel, which allow the water to seep easily into the ground. A recharge area is
considered significant when it helps to maintain the water level in an aquifer that supplies a
community with drinking water, or supplies groundwater recharge to a coldwater ecosystem
that is dependent on this recharge to maintain its ecological function (NVCA, 2015b).
As per the Source Water Protection Technical Rules, SGRAs in the NVCA watershed occur
where the estimated average annual groundwater recharge rates are greater than the
threshold rate (232 mm/yr). SGRAs occur predominantly within areas of sand and gravel.
Significant groundwater recharge areas are widespread throughout the NVCA watershed, due
to the sandy nature of the area (see Section 3.2). Similar to HVAs, potential policy application
to SGRAs corresponds to the Provincial Policy Statement and corresponding municipal official
plans. It is encouraged in areas deemed to be a SGRA that recharge rates are maintained
where development or site alternation is proposed.
3.3.7.4 Intake Protection Zones (IPZs)
The vulnerability of municipal drinking water is assessed through development of surface water
intake protection zones (IPZs). Two Intake Protection Zones (IPZ-1 and IPZ-2) are used to
delineate an area of land and water immediately surrounding a surface water intake. The
culmination of such zones indicates the area in which there is potential for harmful materials to
enter the water intake. One intake is present within the NVCA watershed, located in
Collingwood. The intake is located approximately 700 m offshore at a water depth of 8 m
(SNC Lavalin, 2009).
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Surface Water Quantity

3.4.1 Introduction
Quantifying the amount of surface water within the hydrologic cycle is an indicator of the
watersheds capability to support surface water taking, to buffer against the impacts of land use
change, and to support a healthy aquatic environment. The quantity of water flowing in a
watercourse depends not only on the impact of recent weather patterns but also on such
drainage basin factors as its size, relief, climate, vegetation, geology, and land use history.
Stream flow varies considerably from time to time and place to place. Water resource
practitioners utilize hydrologic and hydraulic modelling and monitoring to estimate the quantity
and frequency of flows.
Most watercourses experience periods when the amount of flow exceeds the ability of the
channel to contain it, resulting in the flooding of adjacent land areas. Changes in water quantity
may affect the frequency of flooding, aquatic health, geomorphic stability and water quality of a
watercourse.
3.4.2 Findings
The descriptions provided focus on the availability and status of existing modeling. In addition,
components of the water monitoring network within the watershed are described. Information
from the network can provide valuable information in support of modeling activities.
3.4.2.1 Modelling
A number of modelling efforts have been undertaken related to surface water quantity within
the NVCA jurisdiction, for purposes including flood forecasting, water balance studies, and
floodplain mapping. These are summarized in chronological order in this section.
It should be noted that the NVCA (2013) has recommendations in their Stormwater
Management Guidelines regarding recommended software for hydrologic and hydraulic
modelling, which should be considered in model software selections.
MacLaren Study (1988)
The MacLaren study developed hydrologic models within the NVCA watershed (NVCA, 1988).
The models were established with the purpose of (a) providing frequency-based estimates of
flood magnitude of locations throughout the watershed, and (b) to quantify the effect of
urbanization and agricultural drainage improvements. A QUALHYMO model (Rowney and
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Wisner, 1984; Wisner and Rowney, 1985) was developed and used as the hydrologic model
for estimating peak flows within the watershed.
The preparation of the input data and construction of the hydrologic model are summarized
briefly as:







Collecting the available daily and hourly meteorological data from various sources, and
infilling and interpolating the data using multiple linear regression to create hourly input
data sets for the hydrologic model.
Verifying the basin delineation using air photos, and further discretizing the basin of nine
subcatchments and 191 hydrologic units on the basis of various points of interests (flow
gauging stations, sites of significant hydraulic control or modification, previous study site
locations, etc.).
Estimating soil cover and land use from government data sources within the watershed,
and using the data to estimate model parameters based on SCS relationships.
Model calibration/validation was based on the comparison of the model-simulated peak
flows during select summer and spring events to observed data.

Some additional steps were completed to handle the more reach-specific sections of the
watershed, including:



Headwater basin design flows were established using a linear regression based on the
drainage area of the headwater basin.
The use of a DWOPER model (Fread, 1978). DWOPER is a dynamic wave flood routing
model that routes an inflow hydrograph to a point downstream. It can be used on a
single river or system of rivers where storage routing methods are inadequate due to the
effects of backwater, tides and mild channel bottom slopes. It has been used in the
Lower Nottawasaga River reaches between Angus and Edenvale, where there exists
sufficient storage and low slopes to justify a hydraulic approach to flow routing, it was
used to estimate design flows in conjunction with the hydrologic model.

The calibrated model was used to estimate frequency-based flows at locations throughout the
watershed. The model was also used to recreate the 1961 Timmins regulatory storm for all
drainage areas throughout the watershed. The study also investigated the impact of land use
change with respect to urbanization and future flows, and found little change was expected in
the ‘future’ flow scenarios.
In comparison to previous studies, the design flows are noted to be generally in agreement
with those found in previous studies. Some design flows are generally larger than the previous
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studies, in the cases where a discrepancy exists. The MacLaren Study considers the results of
its study to be more accurate than those of the previous studies due to the calibration of the
model used in the MacLaren study; the model calibration step was not undertaken in previous
studies.
Tier 2 Water Budget Source Water Protection HSPF Study (2010)
A Tier 2 Water Budget Analysis was undertaken for the NVCA and South Severn
Environmental Association (SSEA) watersheds (NVCA, 2010). The purpose of the report was
to establish long-term groundwater recharge for major watersheds and subwatersheds in the
NVCA and SSEA jurisdictions. The HSPF model (Bicknell et al, 1997) software package,
available from the U.S. Environmental Protection Agency, was used to build a model of the
watersheds capable of estimating groundwater recharge.
The model development used multiple data sources, including freely available data from the
MNRF. The main steps involved in building the hydrologic model included:







Automatic basin delineation based on topographic data, and dividing the basins based
on climate zones.
Processing and interpolating hourly climate data purchased from the Environment
Canada Ontario Climate Centre.
Calculating potential evapotranspiration rates using the method of Jensen and Haise
(1963).
Mapping the surficial geology data and land use data available from the MNRF into soil
groups, and estimating the parameters associated with each hydrologic unit.
Including irrigation demand modelling into the water balance of the hydrologic model.
Automatic model calibration using the PEST algorithm (Doherty, 2001) in conjunction
with manual calibration.

The groundwater recharge rates were then calculated using the hydrologic recharge estimation
from the model.
Nottawasaga River Shorewall Standards (2014)
Ainley and Associates Limited (2014) was retained by the Town of Wasaga Beach to develop a
Shorewall Replacement Standard for property owners with property on the Nottawasaga River.
A hydrologic/hydraulic analysis was undertaken and a range of shorewall replacement
standards were provided, including naturalization and structural options. The study included
the following steps:
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Correspondence with the NVCA to obtain a suitable hydrologic model for the
Nottawasaga River basin, and concluding that no overall hydrologic model was
available from NVCA for the purpose of determining design storms
Estimating return period flows in the Nottawasaga River using the Edenvale flow gauge
upstream of Wasaga Beach
Undertaking a geomorphic assessment, including reach delineation, rapid geomorphic
assessment (RGA), rapid stream assessment technique (RSAT) evaluation, and
estimating shear stresses and erosion rates within the study area

The study provided guidelines on the selection of the shorewall design concept based on sitespecific characteristics, which are outlined in the report.
Wasaga Beach Floodplain Mapping and Watershed Hydrology Study (2018)
A watershed hydrology and floodplain mapping study for the Nottawasaga River in Wasaga
Beach is being undertaken by Ahydtech Geomorphic Ltd. with funding from the National
Disaster Mitigation Program (NDMP) and the Town of Wasaga Beach (Ahydtech Geomorphic,
2018). The purpose of the study is to update the floodplain maps for the Nottawasaga River in
Wasaga Beach in accordance with the most recent Provincial and Federal guidelines on
floodplain mapping. The study is anticipated to be completed in 2019.
The study is developing a hydrologic model of the Nottawasaga Valley watershed to support
the estimation of design flows, in conjunction with the use of the Edenvale Water Survey of
Canada (WSC) flow gauge station (02ED027) upstream of the study area. The estimated
design flows from one, or both methods, will be used to provide scenarios for the 1D and 2D
hydraulic models. The study is undertaking the following steps to generate updated floodplain
maps for the Town of Wasaga Beach:


Develop a hydrologic model using HEC-HMS (USACE, 2016a) to support the estimation
of flows under design storms for various return period storms. The hydrologic model
development includes:
o Basin delineation using the 2012 DEM available from the MNRF.
o Precipitation and other parameters from climate data
o Compilation of land use and soils data to characterize each subcatchment in the
delineated basin
o Model calibration to observed hydrographs using flows from various available
WSC flow gauges (note: the model was adjusted to generally match the
hydrographs provided, however the calibration metrics and model validation are
not clearly presented in the Wasaga Beach draft report)
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Regional flow frequency analysis is being completed using the Edenvale WSC gauge
(02ED027)
Update to, and compilation of, the various available HEC-RAS (USACE, 2016b) models
for the study area (i.e., there are four different HEC-RAS models) using collected
topographic data within the project scope
Creation of a 2D hydraulic model using SMS SRH-2D software from Aquaveo
(Aquaveo, 2016), which covered the extent from the confluence of the Nottawasaga
River at Georgian Bay to the Minesing Wetlands.

The combined 1D HEC-RAS hydraulic model is being used to update the inundation floodplain
mapping for various return period events, from the 2 year to the 100 year and regulatory
(Timmins 1961) storm events. The use of the 2D model in estimating, and updating, the
floodplain boundaries has not yet been clearly presented in the report.
3.4.2.2 Stream Gauge Monitoring Network
There are a number of stream monitoring gauge stations within the NVCA watershed, including
a number of Water Survey of Canada (WSC) gauges. The stream gauges located within the
NVCA watershed are listed in Table 3.4-1, including both active and inactive gauges from both
NVCA and WSC data sources.
Table 3.4-1. Stream gauges located within the NVCA watershed boundary
Station Name
Nottawasaga
River Near
Baxter
Willow Creek
At Midhurst
Lake Huron At
Collingwood
Pine River
Near Everett
Mad River
Below
Avening

Station
Operating Period of
ID
Agency
Record
02ED003 NVCA /
1947 WSC
2015

Status

Latitude

Longitude

Active

44.2495

-79.8215

02ED010 WSC

Active

44.4442

-79.7297

Active

44.5084

-80.2201

Active

44.1998

-79.9600

Active

44.3070

-80.0718

02ED012 WSC
02ED014 NVCA /
WSC
02ED015 NVCA /
WSC

Ecosystem Recovery Inc.

1973 1998
1906 2017
1967 2015
1988 2015
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Station
Operating Period of
ID
Agency
Record
02ED026 NVCA /
1989 WSC
2015

Nottawasaga
River At
Hockley
Nottawasaga
02ED027
River Near
Edenvale
Innisfil Creek
02ED029
Near Alliston
Pretty River At 02ED031
Collingwood
Willow Creek
02ED032
Near Minesing
Beeton Creek
02ED100
Near
Tottenham
Nottawasaga
02ED101
River Near
Alliston
Boyne River
02ED102
At Earl Rowe
Park
Beeton Creek
At 10th Line
New Tec
Innisfil Creek
At 12th Line
New Tec
Innisfil Creek
At 5th Sdrd
Wye River
Elmvale
Bailey Creek At 10th Side
Road New Tec
Orr Lake

Ecosystem Recovery Inc.

Status

Latitude

Longitude

Active

44.0245

-79.9698

NVCA /
WSC

1993 2015

Active

44.4849

-79.9659

NVCA /
WSC
NVCA /
WSC
NVCA /
WSC
NVCA /
WSC

2000 2015
2005 2015
2005 2015
1968 2015

Active

44.1311

-79.7811

Active

44.4989

-80.1998

Active

44.4426

-79.7995

Active

44.0491

-79.8036

NVCA /
WSC

1967 2015

Active

44.1110

-79.8901

NVCA /
WSC

1967 2015

Active

44.1527

-79.8968

NVCA

N/A

Active

44.1079

-79.7710

NVCA

N/A

Active

44.1417

-79.7337

NVCA

N/A

Active

44.2004

-79.6651

NVCA

2016 Present
2007 Present

Active

44.5943

-79.8759

Active

44.1076

-79.7897

Active

44.6030

-79.8180

NVCA
NVCA
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Nottawasaga
Near
Thompsonville
Bear Creek
Nottawasaga
River Near
Nicolston
Bailey Creek
Near Beeton
Mad River
Near
Glencairn
O.W.R.C.
Research
Station No. 1
Near Stayner
O.W.R.C.
Research
Station No. 2
Near Stayner
Willow Creek
Above Little
Lake
Tributary To
Wye River
Below Elmvale
Black Ash
Creek At
Collingwood
Pine River
Angus
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Station
ID

Operating Period of
Agency
Record
NVCA

Status

Latitude

Longitude

Active

44.1313

-79.8289

Active
44.3272
Discontinued 44.1961

-79.8348
-79.8017

1963 1978
1963 1987

Discontinued 44.1189

-79.7619

Discontinued 44.3044

-80.0019

02ED006 WSC

1964 1971

Discontinued 44.3783

-80.0975

02ED008 WSC

1965 1971

Discontinued 44.3772

-80.0964

02ED009 WSC

1973 1995

Discontinued 44.4247

-79.6442

02ED016 WSC

1988 1994

Discontinued 44.5925

-79.8708

02ED025 WSC

1989 1992

Discontinued 44.5014

-80.2381

2017 Present

Future

-79.8865

NVCA
02ED001 WSC

02ED004 WSC
02ED005 WSC
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The majority of the currently active WSC gauges are operated with real-time monitoring, which
would provide great utility for purposes such as flood forecasting. Each of the nine (9) NVCA
operated gauges (i.e., not incorporated into the WSC network) collects water level data. The
NVCA is working to develop rating curves for each of these gauges; additional flow data is
needed, including high flow measurements during spring conditions to inform development of
the rating curves.
There also exist a number of active meteorological stations within close proximity to the NVCA
watershed boundary, including 14 active meteorological stations within the NVCA jurisdiction
and hundreds of both active and inactive historical stations of various data periods within a
100km radius of the approximate watershed boundary centroid. The currently active
meteorological stations within the NVCA jurisdiction are shown in Table 3.4-2 (note that some
of the meteorological stations also operate as stream gauging stations).
Table 3.4-2. Active meteorological stations located within the NVCA watershed
Station Name

Station ID

Pine River near
02ED014
Everett
Mad River below 02ED015
Avening
Pretty River at
02ED031
Collingwood
Willow Creek
02ED032
near Minesing
Beeton Creek
02ED100
near Tottenham
Bailey Creek at 10th Side
Road New Tec
Innisfil Creek at
5th Sdrd
Melancthon
Municipal Office
NVCA
Administration
Office

Ecosystem Recovery Inc.

Station Type

Operating
Agency

Stream Gauge /
Meteorological
Stream Gauge /
Meteorological
Stream Gauge /
Meteorological
Stream Gauge /
Meteorological
Stream Gauge /
Meteorological
Stream Gauge /
Meteorological
Stream Gauge /
Meteorological
Meteorological

NVCA /
WSC
NVCA /
WSC
NVCA /
WSC
NVCA /
WSC
NVCA /
WSC
NVCA

NVCA

Meteorological

NVCA

NVCA

Project 1808

Period
of
Record
1967 Present
1988 Present
2006 Present
2006 Present
1968 Present
2007 Present
2007 2016
2006 Present
2006 Present

Latitude

Longitude

-79.9600

44.1998

-80.0718

44.3070

-80.1998

44.4989

-79.7995

44.4426

-79.8036

44.0491

-79.7897

44.1076

-79.6651

44.2005

-80.2723

44.1135

-79.7949

44.3181
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Oro-Medonte
Fire Office
Petun
Conservation
Area
Shelburne WTP

Meteorological

NVCA

Meteorological

NVCA

Meteorological

NVCA

Town of Mono
Administration
Wye River
Elmvale

Meteorological

NVCA

Stream Gauge /
Meteorological

NVCA

2007 Present
2007 Present

-79.6560

44.5569

-80.3069

44.4498

2015 Present
2007 Present
2016 Present

-80.1917

44.0841

-80.0760

44.0097

-79.8759

44.5943

In addition to the monitoring gauges mentioned in Table 3.4-1 and Table 3.4-2, a number of
temporary flow monitoring stations and precipitation gauges were mentioned in the MacLaren
Study (1988), which were established for capturing larger precipitation and flow events for
summer and spring freshet periods between 1986 and 1988. The purpose of this additional
data collection was to support the calibration/validation of the peak flow prediction hydrologic
model. The details of the specific data collection locations and periods are available in the
MacLaren Study (NVCA, 1988).
3.4.2.3 Drought and Low Water Response
Droughts are generally defined as extended durations of lower water conditions. The Ontario
Low Water Response (OWLR) program ranks low water conditions from Level 1 (least severe)
to Level 3 (most severe), based on the duration of flow and/or precipitation. A drought is
defined as a “natural hazard” and “type of emergency” under the Emergency Management and
Civil Protection Act (BlueMetric Environmental and Matrix Solutions, 2017).
The Province of Ontario has prepared an ‘Ontario Low Water Response’ plan, which assists in
coordination and support for local response in the event of droughts. The NVCA has
established a local Water Response Team (WRT), consisting of local members and provincial
representatives, which is intended to identify low water conditions in the NVCA and assist with
coordinating a response and acting as liaison with the Province (NVCA, 2006). The team was
established particularly in response to low water concerns in the Innisfil Creek Subwatershed.
The prevention of long-term drought is still a responsibility held by the agencies and users
within the watershed.
Through hydrological and water takings analysis as part of the Innisfil Creek Drought
Management Plan (2017), it does not appear that water takings from agriculture are increasing
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the frequency of Level 1 and Level 2 low water conditions, and that those are instead largely
due to climate variability. The Level 3 flow condition frequency, however, is affected by water
withdrawals (BlueMetric Environmental and Matrix Solutions, 2017). This illustrates the need
for considering both water takings demand and climate variability into future planning for water
management.
3.4.2.4 Summary of Available Material by Subwatershed
A review of the available documents which pertain to particular subwatersheds, including
subwatershed studies and subwatershed report cards, was undertaken. The characteristics
pertaining to subwatershed stressors, monitoring networks, hydrologic modelling and studies,
and low water response are summarized in Table 3.4-3. Note that subwatershed-specific
information was not found for every subwatershed within the NVCA jurisdiction; these
subwatersheds are omitted from the summary table.
Table 3.4-3. Summary of Surface Water Characteristics and Management by
Subwatershed
SubStressors
watershed
Innisfil
Agriculture
Creek
and related
water takings
for irrigation
Substantial
Urban
Development
Pressures

Ecosystem Recovery Inc.

Monitoring

Hydrology

Low Water
Response
Existing
A Water
conditions
Response Team
(uncalibrated)
(WRT) exists for
hydrologic model NVCA
(ISWMS)
watershed due
(Greenland,
to concerns in
2018) developed Innisfil Creek
for flood
Subwatershed
forecasting and
in particular.
peak flows.
Mitigation efforts
Water balance
to combat low
hydrologic model water conditions
(partially
have been
calibrated) also
implemented
developed,
largely due to
which includes
efforts of the
water extraction Innisfil Creek
based on PTTW. Water Users

Project 1808

Reports/
Sources
Innisfil
Subwatershed
Plan (2006)
Innisfil Creek
Drought
Management
Plan (2017)
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SubStressors
watershed

Monitoring

Bear
Creek

Willow
Creek

Agriculture
and water
takings
Aggregate
extraction

Recommen
dations to
setup long
term
biological
monitoring
(2001).

Hydrology

Visual
OTTHYMO 2
(MTO, 2013)
model for City of
Barrie
catchments,
including Bear
Creek, was built
for estimation of
peak flows.
Model was
calibrated but
not for Bear
Creek gauges.
Existing
conditions
(uncalibrated)
hydrologic model
ISWMS
developed for
flood forecasting
and peak flows.

Low Water
Reports/
Response
Sources
Association,
established
through the
IWRMS in 2009.
City of Barrie
Hydrologic and
Hydraulic
Modelling
Technical
Memo #1
(2012)

Willow Creek
Subwatershed
Plan (2001)

Water balance
hydrologic model
(uncalibrated)
also developed
and used to
estimate future
water balance
based on land
use change.
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SubStressors
watershed
Black Ash Urban –
Creek
Development
Pressure
Urban –
Uncontrolled
Run-off

Severn
Sound

Monitoring

Hydrology

Streamflow
monitoring
from Nov.
1999 to
May 2000
to support
groundwate
r studies.

Hydrologic
models (ISWMS)
used to compare
pre- and postdevelopment
return period
and regulatory
flow rates.

Biological
monitoring
undertaken
and to
continue in
the ‘Flood
Control
Project
(channeliza
tion)’.

Hydraulic
models used to
update
floodplain
mapping.

Reports/
Sources
Black Ash
Creek
Subwatershed
Plan (2000)

Climate change
not directly
considered in
hydrologic model
updates.

Development
pressure,
increasing
demands,
invasive
species,
Climate
Change
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Low Water
Response

Severn Sound
Sustainability
Plan (2009)
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Water Quality

3.5.1 Introduction
Streams and lakes with unimpaired water quality satisfy a wide variety of needs, such as
fisheries and wildlife habitat, human consumption, recreation, agriculture and industry. Streams
with impaired water quality can pose health risks for local residents, livestock, or wildlife. In
order to provide effective management recommendations, it is imperative that the water quality
of the watershed is well understood.
3.5.2 Background
3.5.2.1 Subwatershed Water Quality Reporting – Report Cards
The NVCA reports on the status of water quality and watershed health through a document
akin to a report card called a Health Check. The Health Checks were produced for each of the
10 major subwatersheds within the NVCA jurisdiction beginning in 2007, with a goal of
updating them on a 5-year cycle. A second round of Health Checks were produced in 2013;
the 2018 products are on indeterminate hiatus. The Health Checks describe the health of
forests, wetlands, streams, and groundwater within each major subwatershed against
established criteria (e.g. Environment Canada’s How Much Habitat is Enough (2013)). The
findings of the most recent subwatershed health checks (2013) with respect to stream health
and surface water quality have been extracted and are provided below; discussion of
groundwater quality is presented in Section 3.3.6.
Stream Health
Surface water quality and stream habitat in the subwatersheds of the Nottawasaga River were
categorized across a continuum ranging from ‘unimpaired’, ‘below potential’, to ‘impaired’;
where data were lacking, then this coincided with an ‘unevaluated’ category. Streams that flow
through areas with healthy forest and wetland cover, such as those on the Niagara
Escarpment, were generally classified as healthy. Streams that drained highly urbanized or
intensively farmed lowland areas were often unhealthy. Innisfil Creek was the most degraded
subwatershed – impacts from this system extend downstream and adversely affect the water
quality of the Nottawasaga River. Recent assimilative capacity studies have confirmed that
high nutrient (phosphorous) loading is the most significant water quality issue within the
watershed.
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Stream health indicators and the NVCA watershed status are described in Table 3.5-1 below
and illustrated in Figure 3.5-1. Results for individual watersheds are presented in Section 3.6,
in conjunction with discussion of aquatic habitat quality.
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Table 3.5-1. Stream health indicators (NVCA, 2013)
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Figure 3.5-1. Surface water quality and stream health status (NVCA, 2013)
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3.5.2.2 Provincial Stream Water Quality Monitoring Network
The Provincial (Stream) Water Quality Monitoring Network (PWQMN) provides water quality
monitoring for a range of parameters in Ontario streams, which is published as open data by
the Ministry of Environment and Climate Change. Within the NVCA watershed there are a total
of 44 monitoring stations of various data periods, including 18 active stations; the locations of
the monitoring stations are shown in Figure 3.5-2.
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NVCA PWQMN Stations
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The water quality data available from the PWQMN was summarized by analyzing the most
downstream locations within each subwatershed that had more than four years of data. The
most downstream monitoring station in a subwatershed reflects the cumulative impacts of
upstream pollution sources and stressors. For a number of subwatersheds, including the
Willow Creek Subwatershed, two monitoring stations with distinct reaches and separate
drainage areas exist; both were examined and summarized as part of the characterization. In
total, eleven (11) stations were selected for analysis. Selected stations within the
subwatersheds displayed in Figure 3.5-2 were analyzed for a number of key water quality
parameters, including:








Biochemical Oxygen Demand, Total over a five (5) day period (BOD5) (mg/L) (Note:
BOD is no longer measured as part of the PWQMN)
Dissolved Oxygen (mg/L)
Total Nitrogen (mg/L)
Total Phosphorus (mg/L)
Temperature (°C)
Turbidity (FTU)
Total Residue (mg/L)

The data analysis of each water quality parameters at each station included:




Summary statistics of each parameter, including the mean, minimum, and maximum
values recorded within the data record
The p-value calculated as part of a Mann-Kendall non-parametric trend test (using the R
package “Kendall”) (McLeod, 2011)
Indication of the slope direction through simple linear regression with date

A summary of the water quality analysis is presented in Table 3.5-2. An ‘NA’ value indicates
that there was insufficient PWQMN data to perform the analysis; this occurred most frequently
for the BOD5 , Turbidity, and Total Residue parameters. The significance of the two-tailed
Mann-Kendall (MK) trend test is indicated by the calculated p-value, and is evaluated as
‘Significant’ or ‘Not Significant’ based on a 5% threshold (i.e., value of 0.05 in comparison to
the p-value). The Dissolved Oxygen and Temperature data is not corrected for diurnal
variation; thus, the data should be interpreted with caution.
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Table 3.5-2. Summary of PWQMN Water Quality Parameters at Selected Stations
PWQMN
Subwatershed
Station
3005400102 Blue Mountains Watersheds

1964 - 2013

3005700702 Boyne River Subwatershed

1970 - 2013

3005703102 Innisfil Creek Subwatershed

2002 - 2013

3005702502 Lower Nottawasaga River Reach

1982 - 2013

3005703302 Lower Nottawasaga River Reach

2006 - 2013

3005703402 Mad River Subwatershed

2006 - 2013

Ecosystem Recovery Inc.

Date Range

Parameter
BOD
DO
NITROGEN
PHOSPHORUS
TEMPERATURE
TOTAL_RESIDUE
TURBIDITY
BOD
DO
NITROGEN
PHOSPHORUS
TEMPERATURE
TOTAL_RESIDUE
TURBIDITY
BOD
DO
NITROGEN
PHOSPHORUS
TEMPERATURE
TOTAL_RESIDUE
TURBIDITY
BOD
DO
NITROGEN
PHOSPHORUS
TEMPERATURE
TOTAL_RESIDUE
TURBIDITY
BOD
DO
NITROGEN
PHOSPHORUS
TEMPERATURE
TOTAL_RESIDUE
TURBIDITY
BOD
DO
NITROGEN

Mean

Min

Max

1.30
11.06
0.54
0.06
12.34
306.12
7.15
1.47
10.08
0.64
0.12
11.99
367.20
9.95
NA
11.32
0.77
0.08
14.95
491.27
54.90
1.24
9.00
0.57
0.05
14.35
340.08
14.80
NA
9.81
0.62
0.05
12.13
NA
NA
NA
10.35
0.63

0.01
6.40
0.02
0.00
0.00
198.00
0.21
0.00
3.65
0.12
0.00
0.00
256.00
0.70
NA
4.01
0.32
0.01
0.00
407.00
8.99
0.63
2.04
0.20
0.00
0.10
256.00
1.58
NA
6.11
0.18
0.01
2.40
NA
NA
NA
5.91
0.22

8.66
20.48
3.57
1.49
29.50
961.00
75.00
9.00
20.55
3.65
6.10
50.00
913.00
200.00
NA
20.18
1.90
1.29
29.00
649.00
310.00
2.20
18.55
1.48
9.75
27.00
372.00
47.30
NA
18.61
2.25
0.71
19.50
NA
NA
NA
19.72
1.66

Project 1808

Number
Points
202
268
262
272
268
210
210
268
382
434
450
443
347
340
NA
114
107
125
124
26
26
10
122
337
946
158
37
37
NA
60
51
61
63
NA
NA
NA
60
51

Mann-Kendall
p-value
8.88E-01
8.18E-01
3.34E-01
1.17E-05
2.76E-02
1.52E-02
3.07E-01
5.12E-05
2.94E-04
3.53E-01
4.20E-13
3.84E-05
0.00E+00
3.64E-02
NA
1.47E-01
8.84E-01
1.03E-01
2.49E-01
1.40E-01
1.93E-01
3.71E-01
8.89E-01
6.82E-01
3.16E-08
8.50E-01
4.17E-01
4.64E-01
NA
1.83E-01
3.89E-01
9.88E-04
5.81E-01
NA
NA
NA
2.84E-01
5.26E-01

Significant Trend
(5%)
Not Significant
Not Significant
Not Significant
Significant
Significant
Significant
Not Significant
Significant
Significant
Not Significant
Significant
Significant
Significant
Significant
NA
Not Significant
Not Significant
Not Significant
Not Significant
Not Significant
Not Significant
Not Significant
Not Significant
Not Significant
Significant
Not Significant
Not Significant
Not Significant
NA
Not Significant
Not Significant
Significant
Not Significant
NA
NA
NA
Not Significant
Not Significant

Trend Slope
Downward
Upward (Improved)
Downward
Downward
Upward
Upward
Upward
Downward
Upward (Improved)
Downward
Downward
Upward
Upward
Downward
NA
Downward (Reduced)
Downward
Downward
Downward
Upward
Upward
Upward
Downward (Reduced)
Downward
Downward
Upward
Downward
Downward
NA
Downward (Reduced)
Upward
Downward
Upward
NA
NA
NA
Downward (Reduced)
Upward
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Subwatershed

Date Range

3005703502 Middle Nottawasaga River Reach

2006 - 2013

3005701002 Pine River Subwatershed

1972 - 2013

3005702802 Upper Nottawasaga River

2002 - 2013

3005703002 Willow Creek Subwatershed

2002 - 2013

3005703602 Willow Creek Subwatershed

2006 - 2012

Ecosystem Recovery Inc.

Parameter
PHOSPHORUS
TEMPERATURE
TOTAL_RESIDUE
TURBIDITY
BOD
DO
NITROGEN
PHOSPHORUS
TEMPERATURE
TOTAL_RESIDUE
TURBIDITY
BOD
DO
NITROGEN
PHOSPHORUS
TEMPERATURE
TOTAL_RESIDUE
TURBIDITY
BOD
DO
NITROGEN
PHOSPHORUS
TEMPERATURE
TOTAL_RESIDUE
TURBIDITY
BOD
DO
NITROGEN
PHOSPHORUS
TEMPERATURE
TOTAL_RESIDUE
TURBIDITY
BOD
DO
NITROGEN
PHOSPHORUS
TEMPERATURE

Mean

Min

Max

0.03
15.46
NA
NA
NA
11.14
0.51
0.03
13.39
NA
NA
1.12
10.39
0.49
0.07
10.58
314.52
15.98
NA
11.89
0.40
0.02
12.40
339.63
5.75
NA
11.33
0.43
0.03
12.98
335.83
19.46
NA
7.75
0.55
0.04
12.53

0.00
2.20
NA
NA
NA
7.21
0.24
0.00
2.00
NA
NA
0.00
4.61
0.02
0.00
-0.05
220.00
0.00
NA
4.71
0.14
0.00
0.10
293.00
0.40
NA
4.88
0.18
0.00
0.40
272.00
2.00
NA
2.74
0.30
0.00
2.90

0.19
23.50
NA
NA
NA
19.60
1.25
0.29
20.30
NA
NA
5.50
20.28
2.55
1.10
26.50
809.00
170.00
NA
20.05
1.58
0.27
26.10
395.00
28.40
NA
19.65
1.04
0.28
79.40
392.00
111.00
NA
14.64
1.70
0.44
29.60

Project 1808

Number
Points
62
62
NA
NA
NA
61
51
64
63
NA
NA
254
329
387
397
385
332
325
NA
115
108
126
125
27
27
NA
113
104
121
124
24
24
NA
59
50
59
61

Mann-Kendall
p-value
9.30E-02
4.40E-01
NA
NA
NA
2.79E-01
2.62E-01
4.89E-01
9.53E-01
NA
NA
3.69E-06
8.51E-02
5.83E-12
9.22E-10
7.63E-04
1.19E-07
8.76E-01
NA
1.35E-01
1.49E-02
9.12E-01
4.42E-01
2.18E-01
5.32E-01
NA
1.30E-01
6.69E-01
6.14E-03
1.93E-01
7.76E-02
3.09E-01
NA
6.52E-01
1.12E-01
1.20E-01
7.70E-01

Significant Trend
(5%)
Not Significant
Not Significant
NA
NA
NA
Not Significant
Not Significant
Not Significant
Not Significant
NA
NA
Significant
Not Significant
Significant
Significant
Significant
Significant
Not Significant
NA
Not Significant
Significant
Not Significant
Not Significant
Not Significant
Not Significant
NA
Not Significant
Not Significant
Significant
Not Significant
Not Significant
Not Significant
NA
Not Significant
Not Significant
Not Significant
Not Significant

Trend Slope
Downward
Upward
NA
NA
NA
Downward (Reduced)
Upward
Upward
Upward
NA
NA
Downward
Upward (Improved)
Downward
Downward
Upward
Upward
Upward
NA
Downward (Reduced)
Upward
Upward
Downward
Upward
Upward
NA
Downward (Reduced)
Downward
Downward
Downward
Upward
Upward
NA
Downward (Reduced)
Downward
Downward
Upward
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To further support the characterization of the overall trends in the water quality data, the trends
from all stations with sufficient data were plotted on a single graph for each parameter and
further interpreted. Relevant water quality standards are included in the plot and interpretation
where possible.
The trends for BOD5 data are shown in Figure 3.5-3. The data for BOD5 is somewhat more
limited than it is for some of the other water quality parameters. Review of the results,
however, show a significant downward trend for stations within the Boyne River and Pine River
Subwatersheds (3005700702 and 3005701002, respectively). The upward trend in BOD 5 for
the Lower Nottawasaga River Reach Subwatershed station (3005702502) is only based on 10
data points, and is therefore not statistically significant, despite the steep regression slope.

Figure 3.5-3. Overall trend plot for BOD5
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The trends for Dissolved Oxygen are shown in Figure 3.5-4.

Figure 3.5-4. Overall trend plot for Dissolved Oxygen
The Dissolved Oxygen trends are generally flat, where the only statistically significant trend is
found as an upward trend in increasing Dissolved Oxygen for the Boyne River Subwatershed
(3005700702). The Pine River station also shows an upward trend, which is not statistically
significant at the 5% level but would be at the 10% level. This is consistent with the trends in
BOD5. There are some stations in other subwatersheds with apparent downwards trends in
Dissolved Oxygen, which may present a water quality concern, however these are not
statistically significant. The average Dissolved Oxygen remains above the 5.5 mg/L standard
prescribed by the Canadian Council of Ministers of the Environment (CCME, 2008). Since the
trends are calculated from hourly readings without correction for diurnal variation or seasonality
the trends should be carefully interpreted, however the significant long-term trends may
indicate that a trend is present; this should be verified with diurnally and seasonally corrected
daily average Dissolved Oxygen data.
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The trends for Total Nitrogen are shown in Figure 3.5-5.

Figure 3.5-5. Overall trend plot for Total Nitrogen
The long-term data shows a statistically significant downward trend at the Pine River
Subwatershed station (3005701002), and a statistically significant upward trend at the Upper
Nottawasaga River Subwatershed station (3005702802). The other stations show a mix of
upward and downward trends, however none of the others are statistically significant.
The trends for Total Phosphorus are shown in Figure 3.5-6.
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Figure 3.5-6. Overall trend plot for Total Phosphorus
The overall trend for Total Phosphorus data shows a general downward trend in mean
phosphorus readings; all statistically significant trends are in decline. The mean Total
Phosphorous concentrations range from 0.02mg/L to 0.12mg/L, where the PWQO standard is
0.03 mg/L, thus the long-term mean for the majority of examined stations is at or above the
PWQO standard.
The trends for Temperature are shown in Figure 3.5-7.
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Figure 3.5-7. Overall trend plot for Temperature
The trends in stream temperature that were found to be statistically significant all include
upward trends, which are found in the Blue Mountains, Boyne River, and Pine River
Subwatersheds. While the Dissolved Oxygen trend did not reflect the trend in increasing
temperature in the data, the increasing temperature trend may be problematic for stream
health and its ability to continue to support aquatic life. The other stations with shorter data
periods did not reflect any significant trends in temperature. Since the trends are calculated
from hourly readings without correction for diurnal variation or seasonality the trends should be
carefully interpreted, however the significant long-term trends may indicate that a trend is
present; this should be verified with diurnally and seasonally corrected daily average
Temperature data.
The trends for Turbidity are shown in Figure 3.5-8.
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Figure 3.5-8. Overall trend plot for Turbidity
The Turbidity data set is similar to BOD5 in its relatively scarce amount of data. The only
significant trend in turbidity was found to be the downward trend in the Boyne River
Subwatershed (3005700702). The number of data points available in calculating the trends in
some of the other subwatersheds, including most of the upward trends, included less than 40
data points, thus the seemingly strong upward trends should be considered with caution as
they are not statistically significant.
The trends for Total Residue are shown in Figure 3.5-9.
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Figure 3.5-9. Overall trend plot for Total Residue
The Total Residue trend plot shows a number of significant upward trends, including in the
Boyne River Subwatershed (20035700702), the Pine River Subwatershed (3005701002), and
the Blue Mountains Subwatershed (3005400102). The other trends are not statistically
significant, although the only downward trend is found in one of the Lower Nottawasaga River
Subwatershed stations (3005702502). The trends in Turbidity and Total Residue are similar,
with the exception of the Boyne River Subwatershed station (3005700702), where there is both
a statistically significant downward trend in Turbidity and a statistically significant upward trend
in Total Residue. This may indicate that there is a decrease in finer particulates in the creek
relative to the proportion of larger particulates.
3.5.2.3 Assimilative Capacity Studies
The Province of Ontario, through the Ministry of the Environment, invested in assimilative
capacity studies (ACS) to be undertaken in partnership with the Lake Simcoe Region
Conservation Authority (LSRCA) and NVCA. Assimilative capacity is defined as:
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“the capability of the watercourse and/or lake to resist the effects of landscape disturbance
without impairment of water quality,” (LSRCA & NVCA, 2006)
The ACS address technical and scientific impacts to water quality within the Nottawasaga
River (and Lake Simcoe) and 32 of its subwatersheds (NVCA, 2006).
The estimation of the assimilative capacity of the Nottawasaga River and its subwatersheds
required the completion of several major tasks. These tasks included:
The completion of two models:



Hydrodynamic Mixing Zone Modelling of the Confluence of the Nottawasaga River with
Nottawasaga Bay, SNC Lavalin, April 2006; and
Assimilative Capacity Studies CANWET Modelling Project Lake Simcoe and
Nottawasaga River Basins, Greenland International Consulting, April 2006.

The results of the CANWET (Canadian ArcView Nutrient and Water Evaluation Tool)
watershed-based water quality model drove the development of total maximum monthly loads
(TMML) for phosphorus for each of the subwatersheds in the study area (The Louis Berger
Group, 2006). NVCA has identified that there is uncertainty with respect to the accuracy of the
input data included in the 2006 CANWET model and the resultant conclusions. CANWET is not
being actively use in the watershed.
Brief descriptions of these projects as they relate to the NVCA watershed have been extracted
from the ACS executive summary document and are provided in the subsequent sections.
Hydrodynamic Mixing Zone Model for the Nottawasaga Bay
The goal of this project, which was undertaken by SNC Lavalin Engineers and Constructors
Inc., was to enhance understanding of the complex Nottawasaga River mixing zone with
specific emphasis on phosphorus and nutrient loading and subsequent biological, chemical
and physical relationships. The consultants also utilized this tool to model the effects of land
use changes within the Nottawasaga River watershed on the mixing zone of the Nottawasaga
Bay.
The modelling determined that the river discharge mixes quickly with the Bay and that the
average limit of the “near-field” hydraulic mixing zone covers an area of about 2 km 2. Once the
initial mixing is complete, the river discharge plume becomes “passive” and winds and open
water currents move and mix it in the “far-field.” Near-field and far-field mixing zones and
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plumes were mapped for both total phosphorus and total nitrogen for values exceeding the
Provincial Water Quality Objectives for these two nutrients.
Sources of Pollution - Canadian ArcView Nutrient and Water Evaluation Tool (CANWET)
For the ACS, CANWET was used for the development of total maximum monthly loads, and
the results from model runs were also input into both the 3-D Hydrodynamic Lake Model and
Hydrodynamic Mixing Zone Model to simulate the effects of future land use changes on the
Lake Simcoe and Nottawasaga River watersheds.
For the Nottawasaga River basin, the average annual loading of phosphorus at the mouth of
the Nottawasaga River for this period was 47 tonnes. Figure 3.5-10 illustrates the
Nottawasaga River basin mean annual phosphorus loading by subwatershed.
The net phosphorus loading rates declined between 1% and 2% for the committed future
growth scenario as compared with the existing conditions scenario.
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Figure 3.5-10. Nottawasaga River basin mean annual phosphorous loading by subwatershed - total load and kg/ha
(Greenland, 2006)
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Total Maximum Monthly Load Development
Total maximum monthly loads (TMMLs) are targets set on a subwatershed basis that are
used to ensure that subwatersheds and the basins they contribute to remain unimpaired.
These targets are used extensively in the United States for watershed management. In the
Nottawasaga River watersheds, the ACS project included the development of TMMLs to
assist with management of the watershed at a smaller scale to ensure that development
occurs in an environmentally responsible manner, and to target best management projects
(BMP) efforts wisely.
The process for the development of TMMLs for each of the subwatersheds included in the
study was undertaken by The Louis Berger Group. The initial portion of this process, the
characterization of nutrient and sediment loads within the subwatersheds for the growth
scenarios, was completed by the work of Greenland International through development of
the CANWET model.
Targets for the Nottawasaga River watershed were set at the subwatershed level, and took
into consideration the Provincial Water Quality Objective (PWQO) for phosphorus (0.03
mg/L), as well as the overall phosphorus loading target, 75 tonnes/year. Each
subwatershed was determined to be “impaired” or “unimpaired” based on a review of water
quality and biological monitoring information. Impaired watersheds were assigned
phosphorus load targets based on estimates presented in the CANWET Modelling Project;
however, for these subwatersheds, the estimated future phosphorus loads were reduced to
a level that would ensure improvements in water quality conditions. This level of reduction
was determined through an analysis of the following potential BMPs that could be
implemented to reduce loads:


Agricultural BMPs:
o Cropland protection
o Conservation
o Strip cropping / contour farming
o Agricultural to forest land conversion
o Agricultural to wetland conversion
o Nutrient management
o Grazing land management
o Terraces and diversions
o Vegetated buffer strips
o Streambank fencing
o Streambank stabilization
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Urban BMPs:
o Constructed Wetlands
o Detention Basing
Wastewater BMPs:
o Conversion of septic systems to secondary treatment plant
o Conversion of septic systems to tertiary treatment plant
o Conversion of primary treatment to secondary treatment
o Conversion of primary treatment to tertiary treatment
o Conversion of secondary treatment to tertiary treatment

The revised phosphorus load which incorporates the implementation of BMPs became the
new phosphorus load for the impaired subwatersheds. For subwatersheds considered to
be “unimpaired” the target was set to equal the CANWET modelled phosphorus load.
3.5.3 Water Quality Improvement Opportunities
Additional details on wastewater servicing is included in Section 4.5. However, it is
relevant to water quality that the County of Simcoe Water and Wastewater Visioning
Strategy Final Draft Background Information Brief and Servicing Gap Analysis (Greenland,
2012) includes an assessment of nutrient loading in Simcoe County. The CANWET
modelling completed for the watershed assimilative capacity assessment (The Louis
Berger Group, 2006), was updated to reflect additional wastewater servicing details. The
following water quality opportunities and constraints presented in Table 3.5-3 have been
identified.
Opportunities to gain insight into possible initiatives are informed by an analysis of the ‘The
Provincial (Stream) Water Quality Monitoring Network’ data (PWQMN), which provides
water quality monitoring for a range of parameters in Ontario streams. A sample of such
an analysis is included in section 3.5.2.2, however water quality can be evaluated for many
additional constituents depending on the specific metric desired. Where data trends
indicate improving or worsening conditions, specific action can be taken in areas that can
be tracked for contributions given the large number of monitoring stations.
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Table 3.5-3. CANWET water quality opportunities and constraints for Simcoe
County (Greenland, 2012)
Location
Innisfil Creeks /
Barrie

Constraints
Two point sources
discharge directly to
Lake Simcoe.

Upper
Nottawasaga

Non-point sources in
the headwaters of the
Nottawasaga River
and point sources in
the growth areas of
Alliston, Angus and
Cookstown prevent the
consideration of
additional loading
sources.

Lower
Nottawasaga

Collingwood
Watersheds
Severn Sound
Tributaries

Ecosystem Recovery Inc.

Opportunities
Existing WWTPs
could be
upgraded to
reduce loading
and
accommodated
some new
capacity
requirements.
Both point
sources and nonpoint sources
represent an
opportunity to
invest in
decreasing
loading to be used
as off-sets from
other impacts.
Dilution from
upstream
tributaries and instream
attenuation may
create an
opportunity for
some attenuation
of pollutant
loading.
Opportunity for
non-point source
reductions
Opportunity for
non-point source
reductions

Project 1808

Comments

Water quality
trading has not yet
been adopted, but
principals could still
be used to
demonstrate
compliance with
restrictions on
nutrient release.
Features such as
the Minesing
Wetland should be
considered for their
net impact on
nutrient loading
(positive or
negative) and
potential sensitivity.
WWTP is direct to
Nottawasaga Bay
WWTP is direct to
Severn Sound
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The CANWET model allows for the inclusion of nutrient and sediment load reductions
associated with various urban and rural BMPs, reservoirs and wetlands. However, without
access to detailed information on where BMPs are implemented, the areas they service
and the efficiency they are achieving, they were unable to include them in the model runs.
3.6

Aquatic Environment

3.6.1 Introduction
The NVCA watershed encompasses an area of approximately 3,700 km 2 that is drained by
~ 5,330 km of surface drainage features (See Section 3.1). The majority of the
watercourses drain to the Nottawasaga River. NVCA conducts background monitoring of
all watersheds for the aquatic habitat conditions, which includes wetland condition
monitoring, benthic analysis, water quality monitoring, riparian habitat assessment,
pollution source monitoring and fisheries habitat and community monitoring. Results from
NVCA’s monitoring activities are released through subwatershed report cards.
The aquatic environment is positively influenced by headwater watercourses, and by the
Niagara Escarpment from which forested valley land and groundwater inputs contribute to
good overall stream health. Stream health is a measure of how closely a stream’s habitat,
water quality and living community match its historical potential. In general, with distance
downstream of the escarpment, water quality and aquatic habitat decline substantially.
The decline can be attributed to agricultural land use, urban inputs, reduced riparian
vegetation, high nutrient (phosphorus) loading, onstream ponds, and sediment loading.
Despite overall surface water being classified as ‘good’ in most subwatersheds, combined
watershed impacts result in ‘fair’ to ‘poor’ water quality within the middle and lower river
reaches of the Nottawasaga River (NVCA, 2013c). Innisfil Creek is the most degraded
watercourse system within the NVCA watershed (NVCA, 2013c).
The thermal regimes of waterbodies within the NVCA watershed vary from warm to
coldwater, and are typically classified into the following three categories based on summer
conditions:




Coldwater stream and rivers (19°C): receive cold groundwater inputs and support
sensitive fish and benthic macroinvertebrate species and also are most sensitive to
agriculture, urban development and online ponds;
Warmwater streams and rivers (>25°C): received lower groundwater inputs and
support less sensitive invertebrate populations, and sport fish like bass, pike and
perch);
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Coolwater streams and rivers (19-25°C): in between both cold and warmwater
categories and support moderately sensitive invertebrate populations and rainbow
and brown trout).

Seven fishery habitat types have been identified within NVCA (NVCA & DFO, 2009):
1.
2.
3.
4.
5.
6.
7.

Coldwater
Coolwater
Warmwater Predator
Warmwater Baitfish
Municipal Drains
Reservoirs
Great Lakes Shoreline

The thermal regimes of the main waterbodies within the Nottawasaga watershed are
outlined in Figure 3.6-1. Warmwater game fish include: smallmouth bass, largemouth
bass, northern pike, walleye, muskellunge, and many baitfish, while cold and coolwater
streams support rainbow trout, chinook salmon, brown trout, burbot, mottled sculpin, slimy
sculpin, brook trout and native minnows. Other fish species also present within the
watershed are included in Table 3.6-1.
Fisheries and Oceans Canada (DFO, 2009) have identified Northern Brook Lamprey,
which inhabit the NVCA watershed, as a species of Special Concern on the Species at
Risk (SAR) registry (see Figure 3.6-2). The NVCA has also identified Lake Sturgeon
(Threatened), Northern Brooke Lamprey (Special Concern) and Silver Lamprey (Special
Concern) as other SAR that are found within the NVCA watershed. No other aquatic SAR
have been identified within the watershed. Within the lower and middle reaches of the
Nottawasaga River, up to 90 km inland, the largest spawning population of Lake Sturgeon
in southern Ontario, south of the Canadian Shield, is supported. The Nottawasaga River
historically supported the largest population of wetland spawning walleye in North America.
This population has, however, declined since 1994.
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Table 3.6-1. Fish species identified within NVCA jurisdiction lands

SPECIES

SCIENTIFIC NAME

SCIENTIFIC NAME

Confirmed Fish Species (52)
Brook Trout
Salvelinus fontinalis
Rainbow Trout+
Oncorhynchus mykiss
Brown Trout+
Salmo trutta
Lake Trout
Salvelinus namaycush
Chinook Salmon+
Oncorhynchus tshawytscha
Pink Salmon+
Oncorhynchus gorbuscha
Coho Salmon+
Oncorhynchus kisutch
Atlantic Salmon*
Salmo salar
Lake Whitefish
Coregonus clupeaformis
Mottled Sculpin
Cottus bairdii
Slimy Sculpin
Cottus cognatus
Burbot
Lota lota
Northern Pike
Esox lucius
Walleye
Sander vitreus
Yellow Perch
Perca flavescens
Log Perch
Percina caprodes
Johnny Darter
Etheostoma nigrum
Rainbow Darter
Etheostoma caeruleum
Iowa Darter
Etheostoma exile
Smallmouth Bass
Micropterus dolomieu
Largemouth Bass
Micropterus salmoides
Rock Bass
Ambloplites rupestris
Black Crappie
Pomoxis nigromaculatus
Pumpkinseed
Lepomis gibbosus
Lake Sturgeon
Acipenser fulvescens
Bowfin
Amia calva
Longnose Gar
Lepisosteus osseus
Channel Catfish
Ictalurus punctatus
Brown Bullhead
Ameiurus nebulosus
White Sucker
Catostomus commersonii
Longnose Sucker
Catostomus catostomus
Shorthead Redhorse
Moxostoma macrolepidotum
Golden Redhorse
Moxostoma erythrurum
Common Carp+
Cyprinus carpio
Creek Chub
Semotilus atromaculatus
River Chub
Nocomis micropogon
Northern Pearl Dace
Margariscus nachtriebi
Longnose Dace
Rhinichthys cataractae
Blacknose Dace
Rhinichthys obtusus
Northern Redbelly Dace Phoxinus eos
Fathead Minnow
Pimephales promelas
Bluntnose Minnow
Pimephales notatus
Brassy Minnow
Hybognathus hankinsoni

This list does not include
all species found
in Georgian Bay.

+ non-native
and naturalized
* non-native
and not naturalized

Common Shiner Rosyface Shiner Mimic
Shiner Golden Shiner Central Mudminnow

Brook Stickleback
Trout-perch
Sea Lamprey+
American Brook Lamprey
Central Stoneroller

Notropis cornutus
Notropis rubellus
Notropis volucellus
Notemigonus crysoleucas
Umbra limi
Culaea inconstans
Percopsis omiscomaycus
Petromyzon marinus
Lampetra appendix
Campostoma anomalum

Probable Fish Species (9)
Muskellunge
Esox masquinongy
Round Whitefish
Prosopium cylindraceum
Alewife+
Alosa pseudoharengus
Rainbow Smelt+
Osmerus mordax
Gizzard Shad
Dorosoma cepedianum
White Bass
Morone chrysops
Goldfish+
Carassius auratus
Emerald Shiner
Notropis atherinoides
Neogobius melanostomus
Round Goby+
Possible Fish Species (14)
Northern Hog Sucker
Hypentelium nigricans
Finescale Dace
Chrosomus neogaeus
Hornyhead Chub
Nocomis biguttatus
Spottail Shiner
Notropis hudsonius
Freshwater Drum
Aplodinotus grunniens
Gasterosteus aculeatus
Threespine Stickleback
Silver Redhorse
Moxostoma anisurum
Greater Redhorse
Moxostoma valenciennesi
Carpiodes cyprinus
Quillback
Anguilla rostrata
American Eel*
Notropis heterolepis
Blacknose Shiner
Notropis heterodon
Blackchin Shiner
Clinostomus elongates
Redside Dace
Ichthyomyzon unicuspis
Silver Lamprey

+ non-native
and naturalized
* non-native
and not naturalized
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Figure 3.6-2. Species of special concern (DFO, 2017)
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Many factors, both past and present, have impacted fisheries habitat within the NVCA
watershed, including:











Elimination of riparian habitat (lawn maintenance, urban development, livestock
impact, tillage practices)
Destruction of in-stream physical habitat features (bank hardening, aggregate
extraction from rivers, woody debris and aquatic plant removal for aesthetic
purposes, erosion to banks by boat activities, aquatic plant destruction by common
carp, infilling, dredging, construction activities)
Decreases in dissolved oxygen (deforestation, damming, online ponds, nutrient
loading from rural and urban sources)
Decrease in stream flow and water level (water extraction, compaction of soils,
systematic drainage of agriculture, aggregate extraction, hard surfacing of urban
areas)
Flow function Impacts/dewatering (power generation)
Water quality impacts (nutrient discharge from sewage plants, runoff of sediments
and fertilizers, aquaculture, and land use practices)
Migratory route impacts (construction of dams, or perched culverts, temporary
diversion of water for construction purposes)
Chemical contaminant impacts (industrial discharges, sewage treatment discharge,
pesticide runoff, leaching from landfills)

3.6.2 Existing Conditions
The following information on the existing conditions of sub-watersheds within NVCA
jurisdiction was derived from watershed report cards (NVCA, 2013c) and the NVCA
Fisheries Habitat Management Plan (NVCA & DFO, 2009). Figure 3.6-3 shows the
Fisheries Management Units and Figure 3.6-4 and Figure 3.6-5 show the extent of
Warmwater Predator Communities and Municipal Drains. Note that the Fish Community
Types Warmwater Baitfish and Municipal Drains occur in most Fisheries Management
Units (FMU). The Reservoir Fish Community Type occurs in the 6 large reservoirs in the
watershed.
The classification of cold-cool-warm-water fish communities was largely based on the
distribution of key representatives of each of these community types, as well as
temperature survey results. NVCA is in the process of adopting a methodology developed
by Chu et.al. (2009) to classify streams into cold, cool or warm-water using a nomogram
approach and sampling air/water temperatures from July 1 to September 7. A total of 72
fish species were grouped into these categories based on their thermal preferences as
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well. This methodology also shows promise in providing a tool for examining the effects of
climate change as well.
FMU1: Lower Nottawasaga River Management Unit
Dominant Fish Communities: Coldwater, Coolwater, Warmwater Predator, Great Lakes
Shoreline.
Stream health ranges from “below potential” to “impaired”, while surface water quality is
generally “poor” in the Lower Nottawasaga River management unit which includes both the
main branch of the Nottawasaga River and small local tributary streams such as Marl
Creek and McIntyre Creek. Elevated nutrient and sediment loading from both urban and
rural land uses contribute towards problems including abundant algae and aquatic plant
growth and elevated bacteria concentrations. Water clarity in the main river is generally
low but improves in the Town of Wasaga Beach within a series of fast flowing rock-bottom
riffle habitats which include “Montgomery Rapids”. Further downstream, between Knox
Road and the river mouth, the construction of metal and vertical post retaining walls on the
main river has impacted aquatic habitat conditions.
The main river in this management unit supports lake sturgeon, walleye, smallmouth bass,
largemouth bass, northern pike, muskellunge, burbot, rainbow trout and Chinook salmon.
A coldwater habitat section is present in the main river upstream from Knox Road where a
gravel bottom reach providing trout and salmon spawning habitat receives groundwater
inputs from adjacent elliptical sand dunes. The benthic community grade is 1.54, which is
considered to reflect poor stream health; this matches with the overall stream health
classification based on surface water quality and stream habitat.
Management Priorities:
Manage the lower Nottawasaga River reach (including Jack’s Lake), Marl Lake and
warmwater tributary streams, consistent with the protection, enhancement and restoration
of the warmwater predator fisheries habitat ecosystem (see next objective for exception)
and a major coldwater fish migratory route. The warmwater ecosystem in the lower
Nottawasaga River should be considered as an inland extension of the warmwater
predator fisheries habitat ecosystem in the near shore portion of Nottawasaga Bay.
Manage the Montgomery Rapids stretch of the lower Nottawasaga River reach between
Klondike Park Road and the Wasaga Beach Sewage Treatment Plant (know locally as the
“Oxbow”) and tributary streams, consistent with the protection, enhancement and
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restoration of the coldwater fisheries habitat complex, while protecting local features which
currently provide warmwater predator fisheries habitat. The coldwater complex includes
groundwater discharge sites, inflows from coldwater tributary streams, local increases in
gradient supporting oxygenated riffles/rapids, and, gravel-bottom spawning areas currently
utilized by coldwater fish species.
Manage McIntyre Creek, Lamont Creek, Warrington Creek, Marl Creek and potentially
Franks-Hood Creek, consistent with the protection, enhancement and restoration of the
coldwater fisheries habitats.
Manage Sturgeon Creek and upper Swaley Creek consistent with the protection,
enhancement and restoration of the coolwater fisheries habitats.
Manage the 2nd Line Municipal Drain which currently receives flow diverted from the Mad
River, consistent with the protection, enhancement and restoration of a warmwater
predator fisheries habitat and a potentially significant coldwater fish migratory route.
FMU 2: Middle Nottawasaga River Management Unit
Dominant Fish Communities: Coldwater, Coolwater, Warmwater Predator, Reservoir
Stream health ranges from “unimpaired” to “impaired” but is generally “below potential” in
the Middle Nottawasaga River management unit which includes both the main branch of
the Nottawasaga River and small local tributary streams such as Bear Creek, Thornton
Creek and Egbert Creek. The main Nottawasaga River receives a large sediment and
nutrient load from Innisfil Creek. This load originates from expanding urban land uses and
intensive agricultural land use practises within the Innisfil Creek subwatershed and results
in low water clarity in the main river. Water clarity increases with distance travelled through
fast-flowing rock bottom riffle habitats such as those located at Essa Centennial Park, and
decreases in more stagnant reaches such as the Nicolston Dam head pond.
The middle reach of the Nottawasaga River includes several important spawning areas for
lake sturgeon and supports smallmouth bass, northern pike, burbot, rainbow trout and
Chinook salmon. Thornton Creek, Egbert Creek and Bear Creek all provide high quality
coldwater stream habitats supporting native brook trout and migratory rainbow trout. The
quality of coldwater habitat in Bear Creek however has been impacted by urban
development in its headwaters in the City of Barrie.
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Most of the other Nottawasaga River tributary streams exhibit “impaired” conditions in their
upper and middle reaches but may provide coldwater habitat in their lower reaches due to
groundwater inputs entering these small streams within the main river valley. Analysis of
the benthic insects within this watershed unit is 1.91, which is considered a “fair” stream
health result; this aligns with other stream health indicators within the watershed.
Management Priorities:
Manage the middle Nottawasaga River reach and tributary streams consistent with the
protection, enhancement and restoration of the coldwater fisheries habitat ecosystem,
while protecting local features which currently provide warmwater predator fisheries
habitat.
FMU 3: Upper Nottawasaga Subwatershed
Dominant Fish Communities: Coldwater, Coolwater
This subwatershed is generally “unimpaired” with respect to stream habitat and surface
water quality; the main branch and its tributaries support healthy resident and migratory
trout populations. West of the escarpment, the north and south branches that flow through
agricultural lands have “below potential” stream health; stream health increases rapidly
once the watercourses enter the escarpment zone where groundwater influences and
forest cover positively influence these streams. Areas of “below potential” stream health
are associated within dam/pond networks and poor land use practices. East of the
escarpment, the agricultural landscape impacts the stream health. Sheldon Creek is
relatively healthy throughout its length. This watershed has a benthic grade of 2.47, which
is indicative of “good” stream health.
Management Priorities:
Manage the upper Nottawasaga River and tributary streams consistent with the protection,
enhancement and restoration of the coldwater fisheries habitat ecosystem.
FMU 4: Willow Creek Subwatershed
Dominant Fish Communities: Coldwater, Coolwater, Warmwater Predator
Stream health and surface water quality is generally considered to be “unimpaired” to
“below potential” within the watershed, which supports trout populations. Little Lake
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supports northern pike, bass and walleye. Willow creek is considered to have “below
potential” stream health upstream of Little Lake due to agricultural influences; stream
health improves as the creek enters a forested, groundwater rich valley near Midhurst.
Matheson Creek. Upstream of the Matheson and Willow Creek confluence, Willow Creek
exhibits “unimpaired” stream health, but below this confluence both creeks show continued
decline due to the surrounding agricultural landuse, livestock, and sparse riparian
vegetation. The Black Creek system has variable stream health with agricultural land use
and new housing developments negatively impacting the stream; groundwater influences
and forest cover have a positive influence on stream health. A benthic grade of 2.33 for
the watershed, is indicative of “good” stream health.
Management Priorities:
Manage Little Lake, Willow Creek and warmwater tributary streams upstream from St.
Vincent Street, consistent with the protection, enhancement and restoration of the
warmwater predator fisheries habitat ecosystem, while protecting/restoring local coldwater
and coolwater fisheries habitats.
Manage Willow Creek, its Matheson Creek tributary and other Willow Creek tributary
streams entering the main branch between St. Vincent Street and the 9th Line of former
Vespra, consistent with the protection, enhancement and restoration of the coldwater
fisheries habitat ecosystem.
Manage Willow Creek and warmwater tributary streams downstream from the 9th Line of
former Vespra, consistent with the protection, enhancement and restoration of the
warmwater predator fisheries habitat ecosystem which includes the lower Nottawasaga
River reach.
Manage Black Creek and tributary streams (including former tributary streams west of
Simcoe Road 28), consistent with the protection, enhancement and restoration of
coldwater fisheries habitats.
FMU 5: Mad River Subwatershed
Dominant Fish Communities: Coldwater, Coolwater, Warmwater Predator
There are four main river branches located within the Mad River subwatershed: Mad River,
Noisy River, Walkers Creek, and Coates Creek. Stream health is variable throughout the
subwatershed. The Mad and Noisy River exhibits “unimpaired” stream health in wetland
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areas in Grey County and near the Niagara Escarpment, but declines to “below potential”
east of the escarpment as it enters the agricultural landscape and then returns to
“unimpaired” near Glencairn where the river flows through dense forest stands. Walkers
Creek exhibits good health through the Escarpment zone; however, sparse riparian cover
and livestock impacts degrade health conditions.
The stream health of Coates Creek is considered to range from “below potential” to
“impaired”. The creek originates in an agricultural area with sparse streamside vegetation,
and aggregate pits; urban areas and farm fields impacting the stream health. Overall
throughout the subwatershed, stream health is considered ‘good’. A benthic grade of 2.39,
is considered “good” and validates the previously mentioned stream health classification.
Management Priorities:
Manage the Mad River and tributary streams upstream from Simcoe Road 10 (as well as
Coates Creek and tributary streams upstream from the New Lowell Reservoir), consistent
with the protection, enhancement and restoration of the coldwater fisheries habitat
ecosystems.
Manage the Mad River and tributary streams downstream from Simcoe Road 10 in the
Minesing Wetlands, consistent with the protection, enhancement and restoration of the
warmwater predator fisheries habitat ecosystem which includes the lower Nottawasaga
River reach, and with the protection of the coldwater fish migratory route.
Manage Coates Creek and tributary streams downstream from the New Lowell Reservoir,
consistent with the protection, enhancement and restoration of the warmwater predator
fisheries habitat ecosystem which includes the lower Mad River and the lower
Nottawasaga River reach.
FMU 6: Pine River Subwatershed
Dominant Fish Communities: Coldwater, Coolwater
The stream health within the Pine River subwatershed is generally considered to be
“unimpaired” although short sections are rated “below potential”. Trout populations are
present within Black Bank Creek and Lisle Creek and throughout the Pine River. The Pine
River headwaters are influenced by the agricultural landscape in the Dundalk Till Plain and
exhibit “below potential” stream health; substantial springs in the escarpment elevate the
stream health condition in that area to “unimpaired”.
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Urban influences and a wastewater treatment plant outfall contribute to short sections of
“below potential” stream health near Angus. Black Bank Creek is considered to be healthy,
with groundwater influence and extensive forest cover contributing to a healthy stream
system. Lisle Creek has been negatively impacted by urbanization and agriculture,
resulting in a “below potential” stream health classification.
Overall, the benthic grade of 2.62 for the Pine River subwatershed is considered to be
“very good”; this is expected for watercourses that are strongly influenced by groundwater
springs.
Management Priorities
Manage the Pine River and tributary streams consistent with the protection, enhancement
and restoration of the coldwater fisheries habitat ecosystem.
FMU 7: Boyne River Subwatershed
Dominant Fish Communities: Coldwater, Coolwater, Warmwater Predator
Stream habitat and surface water quality within the Boyne River subwatershed is variable
with the headwaters of the Boyne River exhibiting “below potential” to “impaired”, but
improved rapidly as the river enters the escarpment zone, much attributed to a forest valley
system, and groundwater springs. Downstream, stream health declines due to nutrient
loading, river alteration, warming from the Earl Rowe reservoir and urban impacts.
Tosorontio Creek headwaters support brook trout and are considered “unimpaired”, but
stream health declines downstream due to in-stream ponds, sparse vegetation buffers, and
cattle access. Rosemount Creek is heavily influenced by rural and agricultural influences,
resulting in below potential and impaired stream health. Spring Creek has seen an
improvement in water quality due to past efforts of industry to reduce impacts and stream
health is now considered below potential. The benthic grade is 2, which is considered
“fair”. Overall, stream health is considered ‘fair’ and management efforts should be
undertaken to improve the aquatic habitat within the watershed.
Management Priorities:
Manage the Boyne River and tributary streams, consistent with the protection,
enhancement and restoration of the coldwater fisheries habitat ecosystem which includes
the middle Nottawasaga River reach immediately downstream.
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Protect local features which currently provide warmwater predator fisheries habitats in the
main branch of the Boyne River downstream from the Earl Rowe dam.
Protect local features which currently support warmwater baitfish fisheries habitats in the
main branch of the Boyne River between the 4th and 6th Lines North of Adjala Tosorontio.
FMU 8: Innisfil Creek Subwatershed
Dominant Fish Communities: Coldwater, Coolwater, Warmwater Predator
The Innisfil Creek subwatershed has four main creek systems all of which are considered
to have an overall ‘poor’ stream habitat and surface water quality. Most of the
watercourses originate as spring fed, with “unimpaired” stream health, but rapidly decline in
health downstream as the creek systems enter extensive agricultural areas, have poor
riparian vegetation, and receive field drainage and irrigation activities. Elevated
phosphorus levels, 47% above the provincial water quality objective occur in Innisfil Creek
due to high nutrient loadings and high bacteria (E. coli) levels linked to extensive
agricultural land uses. A poor benthic grade of 1.67 for the watershed is indicative of poor
stream health; this is similarly indicated by surface water quality data and riparian habitat
characterization. Overall, Innisfil Creek is in poor condition and exhibits the worst condition
of all watershed within NVCA watershed. Management efforts should be focused on Innisfil
Creek to improve water quality, riparian habitats, and fish habitat.
Management Priorities:
Manage the Innisfil Creek and tributary streams consistent with the protection,
enhancement and restoration of the coldwater fisheries habitat ecosystem which includes
the middle Nottawasaga River reach immediately downstream.
Protect local features which currently provide warmwater predator fisheries habitats in the
main branch of Innisfil Creek and tributary streams, downstream from Highway 89.
Protect local features which currently provide warmwater baitfish fisheries habitats in
Beeton Creek downstream from the 7th Line New Tecumseth.
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FMU 9: Blue Mountains Watersheds
Dominant Fish Communities: Coldwater, Coolwater, Warmwater Predator
The Blue Mountain Watersheds are located within the northwestern portion of the NVCA
area of jurisdiction. Four main stream systems are present within this area including Silver
Creek, Black Ash Creek, Pretty River and Batteaux River, all of which originate on the
Niagara Escarpment. Water quality and stream habitat ranges from impaired to
unimpaired but overall stream health is classified as ‘Good’. Within the escarpment zone,
healthy coldwater habitat exists, but downstream of the escarpment water quality typically
deteriorates. This is specifically apparent in Silver Creek and Pretty River. Black Ash
Creek and Batteaux River have smaller escarpment influences and are impacted by
agricultural, rural and urban influences. In general, water quality is most impaired closest
to Collingwood and the coast of Georgian Bay. Trout habitat is found in Silver Creek and
Pretty River, but is limited to the headwaters of Black Ash Creek and Batteaux River. The
benthic grade for the Blue Mountain watershed is 2.27, which is indicative of “good” stream
health.
Management Priorities:
Manage the Pretty River, Silver Creek, Batteaux Creek, Black Ash Creek, Townline Creek
and tributary streams, consistent with the protection, enhancement and restoration of the
coldwater fisheries habitat ecosystems.
Manage smaller intermittent Nottawasaga Bay tributary streams consistent with the
protection, enhancement and restoration of the warmwater predator fisheries habitat
ecosystem provided by Nottawasaga Bay.
FMU 10: Severn Sound Subwatershed
Dominant Fish Communities: Coldwater, Coolwater, Warmwater Predator, Reservoir
Stream health within the Severn Sound subwatershed ranges from “fair” to “good” and is
affected by rural and urban land use impacts that include sparse riparian vegetation,
agriculture, and dams. Much of the stream habitat flows through forested valleys, with
spring inputs that contribute to “good” stream health. Orr Lake and Bass Lake provide
habitat for northern pike and bass. This watershed has a benthic grade of 2.47, which is
indicative of “good” stream health.
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Management Priorities:
Manage Orr Lake, the Wye River and warmwater tributary streams, consistent with the
protection, enhancement and restoration of the warmwater predator fisheries habitat
ecosystem, while protecting/restoring local coldwater and coolwater fisheries habitats
provided by some tributary streams.
Manage the upper reaches of Hog Creek and tributary streams, consistent with the
protection, enhancement and restoration of the coldwater fisheries habitats present further
downstream in Tay Township.
Manage the Sturgeon River, Coldwater River and tributary streams consistent with the
protection, enhancement and restoration of the coldwater fisheries habitat ecosystems.
Manage Bass Lake, the North River and warmwater tributary streams, consistent with the
protection, enhancement and restoration of the warmwater predator fisheries habitat
ecosystem, while protecting/restoring local coldwater and coolwater fisheries habitats
provided by some Bass Lake tributary streams.
FMU 11: Georgian Bay (Nottawasaga Bay) Shoreline
Dominant Fish Communities: Coldwater, Coolwater, Warmwater Predator, Reservoir
The shoreline of Nottawasaga Bay (part of Georgian Bay), within the NVCA area of
jurisdiction, is included in the fisheries habitat management plan area. It spans
approximately 35km of shore from the mouth of Silver Creek to a point 7 km northeast of
the Nottawasaga River Mouth. The NVCA area of jurisdiction extends 5km out into
Nottawasaga Bay. This shoreline area includes the mouths of the Nottawasaga River,
Pretty River, Batteaux Creek, Black Ash Creek and Silver Creek. Various bays, such as
Collingwood Harbour, are located within this reach of shoreline habitat.
Fisheries habitats along the Nottawasaga Bay shoreline support significant smallmouth
bass populations, providing localized habitats supporting northern pike and walleye,
providing spawning/early rearing habitats for lake trout and lake whitefish, and, providing
seasonal nursery/adult feeding habitats for migratory rainbow trout and Chinook salmon.
This nearshore and rivermouth area provides habitat for a variety of warm and coldwater
fish species including:
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Smallmouth bass
Walleye (predominantly in Collingwood Harbour)
Northern pike (predominantly in Collingwood Harbour)
Yellow perch
Rock bass
Pumpkinseed
Rainbow trout
Lake trout (stocked and wild)
Brown trout (stocked)
Chinook salmon
White sucker
Longnose gar
Lake whitefish
Round whitefish
Common carp

Management Priorities:
Manage the Nottawasaga Bay shoreline and connecting tributary mouths, consistent with
the protection, enhancement and restoration of the overlapping warmwater predator
fisheries habitat and coldwater fisheries habitat ecosystems.
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3.6.3 Fish Passage
Fish passage through the NVCA drainage network is important from a fisheries
management perspective. The presence of barriers to fish movement can impact stream
fish community populations and can be detrimental to SAR and sensitive species, which
have limited spawning or migratory ranges. Barriers can adversely impact fish by:





Interrupting spawning or seasonal migration;
Restricting access to preferred habitat and food resources;
Increasing the chance of predation and disease;
Reducing genetic flow between populations through population fragmentation.

Throughout the watershed many barriers to fish passage exist, including dams, natural
cataracts, natural waterfalls, perched culverts, beaver dams, weirs, flood gates and other
structures. Figure 4.3-1 maps the known barriers to fish movement through the NVCA
drainage networks.
3.6.4 NVCA Management Strategies
NVCA’s vision is “Conserving our Healthy Waters,” to meet the goal of, “working together
to value, protect, enhance and restore our watershed resources for a healthy sustainable
future” (NVCA & DFO, 2009).
The vision of the Fisheries Habitat Management Plan (NVCA & DFO, 2009) is to manage
fisheries habitats in a manner that will improve water quality, enhance stream and lake
health and promote the development of coldwater and warmwater fisheries habitat
throughout the watershed.












habitat protection and enhancement activities
implement “Core Fisheries Habitat Restoration Strategy”
use fisheries habitat zone framework to identify appropriate sampling stations
study design to identify stressors contributing to poor water clarity
continue Healthy Waters Program
manage fish habitat
apply agricultural BMPs
apply urban BMPs
well and septic care
creation of stream and wetland natural buffers
reduce the spread of invasive species and pathogens
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Terrestrial Environment/Natural Heritage/Forestry

3.7.1 Introduction
Many terrestrial natural features have been mapped and documented throughout the
watershed by NVCA, with a high degree of attention to the significant areas of the
watershed. Of necessity, the study focus has mainly been on areas within the watershed
that are rapidly developing. However, there has been general mapping coverage of less
well-known areas. Biodiversity has been documented particularly for significant areas, but
there has been considerable effort to document diversity throughout the watershed during
the Ontario Breeding Bird Atlas and subsequent investigations by agencies and the public.
This report builds on the existing information. A watershed characterization assessment
was completed for the terrestrial environment, natural heritage and forestry of the entire
Nottawasaga Valley Conservation Area watershed using aerial photography, NVCA
existing vegetation mapping (with additional reference to Lands Information Ontario (LIO)
data layers), site reconnaissance surveys and available background wildlife records. The
objective of this study is to document all existing information for the NVCA watershed for
the terrestrial environment, natural heritage and forestry disciplines, evaluate existing
conditions, identify management targets, limitations, provide strategies for future planning
and be used to update the watershed management plan.
3.7.2 Background
NVCA has documented the existing terrestrial environment, natural heritage and forestry
through mapping and aerial photography throughout its watershed. This information
provided the basis for compiling the mapping and description of existing terrestrial
environment conditions, including natural heritage and forestry. A composite of the 2015
and 2016 aerial photography provided nearly complete coverage of the NVCA watershed;
where this coverage was lacking (i.e., the southernmost part of the watershed), the 2008
aerial photography was used to supplement the more recent coverage.
Existing vegetation mapping was compiled for the watershed from sources available
through NVCA (approximately the central third of the watershed’s vegetation was mapped
in detailed Ecological Land Classification units. The remainder of the watershed was
mapped using land cover analysis conducted by NVCA in 2008). For unmapped areas,
NVCA’s coverage included generalized categories, which were blended with ELC
categories to be as consistent as possible. For example, “Transitional” land was blended
with CUT/CUS (Cultural Thicket/Cultural Savannah), as scrutiny of these areas indicated
they appeared to be mid-successional. Also combined were high-intensity agricultural land
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(a category in the ELC coverage) with the “agricultural” land in the ELC, as they appear
similar. “Woody wetland” was classified as mixed swamp, and low-density residential
areas, golf courses, and sod farm as Urban Pervious. High-intensity residential areas were
classified as Urban Impervious.
Reconnaissance surveys were conducted on April 6 th and 26th, 2018, to review the
vegetation in areas outside of those mapped by NVCA. The surveys generally included
the eastern and western thirds of the watershed, and a small unmapped area between
Wasaga Beach Provincial Park and Minesing Wetlands. The reconnaissance surveys
entailed a “random drive” throughout parts of the watershed where vegetation had not
been specifically mapped, with a focus on viewing larger natural heritage features as much
as possible. Observations were obtained for areas mapped by NVCA where possible;
examples of non-wooded ecoseries (such as thicket and meadow) were mapped to aid in
later aerial photo interpretation. Plantations were also marked to aid subsequent aerial
photo interpretation.
Vegetation mapping was conducted to the “Ecoseries” level during reconnaissance
surveys and aerial photo interpretation: for example, deciduous forest (FOD), mixed
swamp (SWM) etc., as the surveys were not at a sufficient level of detail to enable
mapping at finer levels (i.e., Ecosite or Vegetation Type). More detailed vegetation
mapping, available in approximately the central third of the watershed, was also
generalized to Ecoseries to match mapping in other parts of the watershed. As noted
above, categories in NVCA 2008 land cover mapping were reconciled with ELC categories.
Areas classified during reconnaissance surveys and subsequent aerial photo interpretation
(using 2015/2016 aerial photography) for this study were also added: mainly Coniferous
Plantation, Cultural Meadow and Deciduous Swamp.
Biodiversity maps for reptiles and amphibians and for birds were compiled using species
lists compiled from the Ontario Herpetofaunal Atlas (Bird Studies Canada 2018) and the
Ontario Breeding Bird Atlas (Cadman et al. 2007), respectively. Records collected during
the breeding bird window from the E-bird website were also checked to determine if any
additional records were available after the Breeding Bird Atlas period. The biodiversity map
for rare plants was compiled using records from 1 km x 1 km squares from the Ontario
Ministry of Natural Resources and Forestry (MNRF) Natural Heritage Information Centre
(NHIC). Biodiversity mapping of rare birds was compiled from data provided by NHIC.
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Limitations of Mapping
Reconnaissance surveys to supplement the available mapping was necessarily limited due
to project constraints (timing, funding) of this study and road access. Interpretation of
vegetation communities based on review of the aerial photography was conducted to the
level which could be identified with reasonable certainty. Some vegetation communities
were difficult to determine; for example, larger coniferous plantations could generally be
distinguished if rows of trees could be seen, but small coniferous plantations would likely
be overlooked, especially if they were intermingled with deciduous forest, and hardwoods
had grown up between the rows of planted trees. Open cultural communities such as
hayfields, pastures, cultural meadows and thickets were also difficult to distinguish from
each other, and from more intensive agricultural uses such as pasture or hayfield.
3.7.3 Site Setting: Ecoregion and Ecodistricts
The NVCA watershed is located in Ecoregion 6E: primarily in Ecodistricts 6E-6 and 6E-7,
with small portions of 6E-1, 6E-4 and 6E-5 on the extreme western side of the watershed
(Figure 3.7-1). Ecoregions delineate areas that are similar in climatic patterns and
bedrock geology, and Ecodistricts represent finer divisions, dictated by physiographic
variances (differences in topography and soils created by glacial and post-glacial
processes) and by the trends exhibited by the predominant vegetation type on those
physiographic features. Therefore, the character of the Ecodistricts underpin the diversity
of vegetation, and thus all other terrestrial diversity, within the NVCA watershed.
Crins et al. (2009) note that within Ecoregion 6E as a whole, the surface is characterized
as a gently undulating to rolling terrain of deep ice-laid materials that cover the bedrock.
Deep ground moraine materials predominate with numerous areas showing well developed
drumlins and end/interlobate moraine features such as the Oak Ridges, Wawanosh,
Waterloo, and Saugeen Moraines. Local plains of smoother lacustrine deposits also occur.
The Niagara Escarpment traverses the ecoregion and provides elevated rugged
landscapes in the northern and central parts of this ecosystem. Further description of the
geology and physiography of the NVCA watershed is provided in Section 3.2. Differences
in surficial geology between Ecodistricts have been described by Henson and Brodribb
(2005). The western and southwestern parts of Ecodistrict 6E-6, which includes most of the
watershed, include the sand plains and bevelled till plains of the Simcoe Lowlands and
Simcoe Uplands, to where they meet till moraines, spillways and lower slopes of the
Niagara Escarpment in 6E-7. The southern and southeastern portions of Ecodistrict 6E-6
within the watershed include the Schomberg Clay Plains and two outliers of the
Peterborough Drumlin Field. The western and northwestern portions of Ecodistrict 6E-7
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within the watershed include the central part of the Niagara Escarpment and the moraines
and spillways that overlie it. As noted by the Nottawasaga Watershed Health Check (NVCA
2013) and described in Section 3.2, the watershed NVCA is shaped like a bowl – the
Niagara Escarpment (west), Oak Ridges Moraine (south) and Simcoe Uplands/Oro
Moraine (north and east) represent the height of land along the edges of the bowl.
Watercourses arise from these high areas and flow down slope into the Simcoe Lowlands
(the bottom of ancient Lake Algonquin), which form the bottom of the bowl. The Simcoe
Lowlands extend to Wasaga Beach and Collingwood (a “chip” at the edge of the bowl)
which allows the Nottawasaga River and Blue Mountain streams to reach Georgian Bay.
Some elements of surficial geology are associated with communities and other features
that are extremely significant in Ontario. The sandy lacustrine deposits along Nottawasaga
Bay support globally and provincially rare plant communities such as sand barren and sand
dune, and beaches support globally and provincially significant coastal meadow marsh.
The high sand dunes further inland at Wasaga Beach Provincial Park, formed
approximately 4,000 years ago, support tallgrass prairie, oak savannah and oak woodland
communities. The shallow bedrock in the Collingwood area supports globally and
provincially rare alvar and bedrock beach communities. Provincially rare limestone cliff,
talus and crevice communities occur on the Niagara Escarpment. The Minesing Wetland
was formed approximately 4,000 years ago, when most of the Minesing basin was resubmerged within Lake Edenvale when water levels in Lake Huron/Georgian Bay rose
(NVCA 2012). Lake levels reached their present-day elevation approximately 2,500 years
ago. Soils within the Minesing Wetlands are a product of this post-glacial lacustrine history.
Much of the wetland is filled with deep organic deposits (peat) and areas along the western
perimeter consisting of a poorly drained, marly silt/clay loam. These deep peat deposits
and associated calcareous discharge have fostered the development of extensive wetlands
with a diversity of highly significant flora.
3.7.4 Vegetation
Vegetation communities within the NVCA watershed are shown in Figure 3.7-2 and
described (Ecoseries types) in Table 3.7-1 The diversity of vegetation communities that
occur within the watershed is very high; many large areas of wetland and forest support a
high diversity of wildlife. Wetlands comprise approximately 12% of the NVCA watershed
(including wooded wetlands), and forests comprise approximately 32% of the NVCA
watershed (including forests, wooded wetlands, late successional cultural communities,
and cultural plantations). The Nottawasaga Valley Watershed Health Check (NVCA 2013i)
notes that, in general, forest and wetland health within the NVCA watershed is good.
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There are, however, some concerns about significant features within the watershed (see
discussion in Section 3.7.8.1).
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Table 3.7-1. Areas of Ecoseries types mapped within the Nottawasaga watershed
(total area of mapped vegetation and intensive urban development within the
watershed is 144,227 ha; total area, including unmapped communities, is 370,950 ha)
Community

Code
Upland Communities
FOM
CUT/CUS
FOD

Mixed Forest
Mid-successional
Deciduous Forest
Cultural Plantation
CUP
(Coniferous)
Coniferous Forest
FOC
Early Successional (including
CUM
Cultural Meadow)
Late Successional
CUW
Tallgrass Prairie, Savannah,
TPO
Woodland
Sand Dune (including Open,
SDO, SDS,
Shrub and Treed Sand Dune)
SDT
Treed Talus
TAT
Beach (including Open, Shrub
BBO, BBS, BBT
and Treed Beach)
Sand Barren (including Open,
SBO, SBS, SBT
Shrub and Treed Sand Barren)
Crevice
CCR
Alvar (including Open, Shrub
ALO
and Treed Alvar)
Wetland Communities
Mixed Swamp
SWM
Thicket Swamp/Open Wetland SWT/MAM/MAS
Deciduous Swamp
SWD
Open Marsh
MAM, MAS
Coniferous Swamp
SWC
Fen (including Open, Shrub
FEO, FES,
and Treed Fen)
FET)
Shallow Aquatic
SA, SAF, SAM,
SAS
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Area (ha)

Number of
Polygons

39,716.8
27,113.8
25,647.8

5440
9933
4486

10,538.1

980

8,422.3

3646

5,990.7

1439

845.4

305

71.7

24

26.8

13

18.1

4

17.5

6

7.9

10

0.7

1

0.4

1

24,197.9
6,356.8
6,222.9
3,015.5
1,419.6

3,108
4717
651
459
120

240.7

15

192.9
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Community

Code

Area (ha)

Recently Human-altered Communities
High-Intensity Agriculture
IAG
100,927.2
Non-intensive Agriculture
NAG
62,341.7
Urban Pervious Development
n/a
6,177.3
Urban Impervious
n/a
8,524.2
Development
Road
8093.1
n/a
Active Open Space
AOS
3,261.2
Quarry
n/a
1,165.4

Number of
Polygons
6715
6602
417
2574
29
192
85

Table 3.7-2. Community Composition of Ecoseries within the Nottawasaga
Watershed
Community
Description
Predominant Upland Ecoseries
Mixed Forest
Larger areas of mixed forest are primarily associated with a few
significant areas, such as Wasaga Beach Provincial Park, which
support areas of mixed White Pine and Red Oak (Quercus rubra), The
understory in this community generally consists of native shrub and
ground flora species of dry habitats such as Bracken Fern (Pteridium
aquilinum). The Niagara Escarpment, Pine River lowlands, Mad River
lowlands, and Essa, Springwater and Severn Headwaters also support
large tracks of upland mixed forest and mixed moist forests with
Eastern Hemlock and Eastern White Cedar but some of these areas
grade into swamps (see below).
Deciduous Forest
Deciduous forest is the most common ecoseries noted in upland areas
where vegetation is mature. There are very few coniferous species
noted in upland forests except for a few White Pine (Pinus strobus).
Red Pine (Pinus resinosa) and Scots Pine (Pinus sylvestris) are found
in some areas mapped as forest but are usually remnants of former
coniferous plantations that are succeeding to forest, as Scots Pine is
not native in Ontario, and Red Pine was extensively planted within the
watershed to stabilize soils. The deciduous forest mapping likely
includes some north-facing slopes dominated by small areas of
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Eastern Hemlock in areas of highly variable topography such as the
Niagara Escarpment. These areas are generally small and narrow, and
consequently some portions could not be mapped with confidence
through aerial photo interpretation. Eastern White Cedar, tamarack, fir
and spruce also occur in areas where cooler, moister conditions
prevail, but are mostly found in swamp habitats (see below).
Small areas of coniferous forest dominated by Eastern White Cedar
(Thuja occidentalis) were noted at the edge of mixed swamps, where
cedar had grown into the adjoining uplands. Most areas of coniferous
growth noted in upland forest areas are older coniferous plantations
that have begun to succeed to a more diverse forest cover. Small
areas of south-facing slopes are dominated by Eastern Hemlock
(Tsuga canadensis). These areas were not mapped unless they were
substantial in size, were noted in the field, or had been previously
mapped. As noted above, many swamps appeared coniferous in leafoff aerial photography because of the predominance of cedar in the
understory.
Cultural plantations are generally dominated by coniferous trees,
visible in aerial photography as planted rows. Planted conifers most
commonly included Scots Pine (Pinus sylvestris), White and Red Pine
(Pinus resinosa), White and Norway Spruce (Picea glauca and P.
abies), and Balsam Fir (Abies balsamea). Jack Pine (Pinus banksiana)
were also noted rarely. The understory within plantations is variable. In
some areas the conifers are so dense that the understory was
extremely sparse. In some older plantations, deciduous species have
begun to grow among the conifers, and the understory is more diverse.
These areas were harder to map and some are likely included in
mapping of mixed forest cover. Coniferous plantations can provide
habitat for unusual numbers of bird species that are dependent on
coniferous forest habitat, though they tend to lack diversity of
vegetation.
Early-successional (relatively open) successional communities were
noted relatively rarely in reconnaissance visits, as most areas were
actively farmed. These areas are dominated by non-native grasses
such as Smooth Brome (Bromus inermis), with abundant native
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goldenrods (Solidago spp.), and asters (Symphyotrichum spp. and
Eurybia spp.).

Open cultural meadows were difficult to map, as early-successional
communities appeared similar to agricultural land (especially pasture
and hayfield) in aerial photography. Some may have been missed.
However, reconnaissance surveys indicated that most open areas
were actively farmed, so early successional areas were mapped only
where there was a high degree of certainty for correct identification.
Mid-successional
Cultural Savannahs and Cultural Thickets (defined as areas with
Communities
approximately 35% and 60% or more shrubs, respectively) bear many
(Cultural Savannah characteristics of open meadows (such as a dense cover of grasses,
and Cultural
goldenrods and asters) but also begin to harbour additional shrub
Thicket)
species such as hawthorns (Crataegus spp.), dogwoods (Cornus spp.)
and buckthorn (Rhamnus cathartica).
Late-Successional These areas are generally dominated by Trembling Aspen (Populus
tremuloides) with an admixture of other species, depending on the
Communities
surrounding vegetation cover.
Wetland Communities
Mixed Swamp
Generally, it was noted throughout the watershed during
reconnaissance surveys that most areas of wooded wetlands consist of
mixed swamp. These areas appear somewhat successional, and are
dominated by Trembling Aspen, Balsam Poplar (Populus balsamifera),
Black Ash (Fraxinus nigra), Green Ash (Fraxinus pennsylvanica),
Tamarack (Larix laricina) and Eastern White Cedar. The trees are
closely interspersed, and cedar is very dense in some areas, so that
areas of cedar swamp are interspersed with mixed swamp. Cedar also
grows up slopes, out of wetlands, as cedar forest. Young cedar often
formed a dense understory in mixed swamps, and the aerial photo
signature of these areas appeared as coniferous forest.
Open
Wetlands were classified as open if they contained a mixture of marsh,
Wetland/Thicket
meadow marsh and thicket swamp that could not be discerned on the
Swamp
basis of aerial photography. Most areas mapped as open wetland
consist of thicket swamp. Thicket swamps are dominated by shrubs:
primarily Red-osier Dogwood (Cornus stolonifera), shrub willows (Salix
spp.) and small Eastern White Cedar, with openings dominated by
sedges (Carex spp.) and cattail (Typha spp.). Standing water noted in
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these areas is variable, and this likely leads to a high diversity
associated with varying water levels.
Deciduous swamps were noted less frequently than mixed swamps
during reconnaissance surveys; however, they are mapped extensively
in the Minesing Wetland. They are dominated by mid-aged to mature
Freeman’s Maple (Acer x freemanii)1, as well as Silver Maple (Acer
saccharinum), and were generally extensively flooded at the time of the
reconnaissance visits. Deciduous swamps in general are dominated by
mature trees. There is considerable downed woody debris, as is typical
of this type of swamp.

Areas of deciduous swamp also frequently occur along edges of
watercourses. These areas are generally not mapped as they are very
narrow. They are generally dominated by a canopy of the non-native
Hybrid Willow (Salix x rubens).
Open Water
Water bodies are classified as open water if they cannot be classified
on the basis of aerial photography. Aquatic vegetation does not grow in
deep water (generally over approximately 2 m) so it is likely that open
water areas consist of deeper portions of lakes and rivers.
Marsh (Meadow
Meadow marshes, dominated by sedges, grasses and forbs (nonMarsh and Shallow graminoid herbaceous plants) were generally interspersed with thicket
Marsh)
swamp (dominated by shrubs), with only a few large areas of open
marsh noted. Dominant species included Broad-leaved Cattail (Typha
latifolia), Lake bank Sedge (Carex lacustris), Reed Canary-grass
(Phalaris arundinacea), and Rough-stemmed Goldenrod (Solidago
rugosa) and Joe-pye Weed (Eupatorium maculatum). Rough Manna
Grass (Glyceria maxima), a highly invasive non-native species, has
invaded many open wetlands, including significant portions of the
Minesing Wetland, a highly significant wetland in the watershed (see
Section 1.1.8).

Freeman’s Maple is a hybrid between Silver Maple (Acer saccharinum) and Red Maple (Acer rubrum). It
has been discovered that most of the dominant species in southern Ontario swamps are Freeman’s Maple,
rather than Silver Maple (Reznicek pers. comm., 2017).
1
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Coastal Meadow Marsh is used to describe a highly significant marsh
community that develops in moist areas of groundwater seepage in
interdunal swales. These areas contain many rare plant species
adapted to a high-calcium environment and very specific moisture
conditions, and are vulnerable to changes in groundwater regime due
to development, as well as trampling and invasion by non-native
invasive species.
Coniferous swamps, generally dominated by Eastern White Cedar, are
small in many areas of the watershed, and difficult to distinguish from
coniferous forest. They and are often interspersed with areas of mixed
swamp. Large areas of coniferous swamp were not noted in
reconnaissance surveys but Minesing Swamp is significant in
supporting significant areas of coniferous swamp (over 1,200 ha), likely
related to cold groundwater discharge. Coniferous swamp dominated
by Black Spruce and Tamarack often grades into treed fen.
Fen is the term used to categorize plant communities which obtain
most of their water through groundwater inputs that have dissolved
mineral nutrients but very little organic nutrients such as nitrogen and
phosphorus. The resulting vegetation community is specifically
adapted to growing in nutrient-poor conditions and is highly sensitive to
nutrient inputs. These communities are dominated by shrubby heath
species such as Leatherleaf (Chamaedaphne calyculata) that require
few organic nutrients, as well as Pitcher Plant (Sarracenia purpurea)
and sundews (Drosera spp.), that obtain organic nutrients by catching
insects. Sphagnum mosses and brown mosses dominate the ground
layer. Fens can be dominated by a sparse cover of coniferous trees
such as Black Spruce (Picea mariana) and Tamarack, in which case
they are classified as treed fens. If tree cover exceeds 25%, the
community is classified as a coniferous swamp. Fen communities
grade into coniferous swamps. Fen communities frequently support
many rare species; for example, Minesing Wetland’s fen community
supports several Species at Risk.
Areas of open water support species adapted to permanently
inundated wetlands, such as Yellow pond lily (Nuphar variegatum) and
White Water-lilies (Nymphaea odorata), pondweeds
(Potamogetonaceae spp.) and, at the edges, emergent species such
as bulrushes (Schoenoplectus spp.). Water depth is a primary
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determinant of the type of community that inhabits these water bodies.
Aquatic plant species can grow submerged to approximately 2 m
depth, as long as the water is clear: turbid water supports fewer plant
species because turbidity allows less light to penetrate to even shallow
depths. Shallow aquatic communities are thus sensitive to changes in
water levels and inputs of sediment.
Uncommon and Rare Communities
Tallgrass Prairie,
These are highly sensitive and significant communities composed of
Savannah and
native species of open habitats, which are often out-competed by nonWoodland
native grasses and woody species. These communities occur primarily
in Wasaga Beach Provincial Park and elsewhere in sandy areas in the
northern part of the watershed. Invasion of woody species, which
shade out prairie species, pose a high level of threat to these
communities.
Sand Dune, Sand
Sand dunes and beaches dominated by native wetland and dune
Barren and Beach grasses, shrubs, rushes and forbs, require a highly specific regime of
(including, Open,
sand deposition and erosion to persist. They are threatened by raking,
Shrub and Treed
trampling, stabilization for lawns, invasion of non-native species and
Communities)
removal of native species. Beach and dune communities are mainly
associated with the Nottawasaga Bay shoreline. Sand barrens can be
found within Wasaga Beach Provincial Park and in other inland areas
where sandy substrates persist, a natural disturbance regime persists
that eliminates woody cover, and there are low levels of human
disturbance.

Cliff, Talus and
Crevice (including
Open, Shrub and
Treed
Communities)

Bedrock beach communities occur along the western shores of
Georgian Bay, with many portions in the Town of Collingwood and
Town of Blue Mountains. Bedrock beach supports rare species of
calciphile that are specifically adapted to the high-calcium environment
and can withstand the stresses of inundation and drought, wave action
and very shallow soil. These communities are also highly vulnerable to
trampling.
These communities are primarily associated with the Niagara
Escarpment. The rocky surfaces generally have very little soil and
therefore lack nutrients and moisture. The difficulties associated with
the lack of soil can also be exacerbated by locations that are highly
stressful for plants such as cliffs exposed to constant sunlight, deep,
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cold crevices and shaded, unstable talus. This has led to the formation
of specific plant communities that can withstand these challenging
conditions. These communities are also highly vulnerable to trampling
and changes in moisture, as they occur on very thin soils.
Alvar
Alvar communities occur where there is thin soil over limestone
bedrock. Dominant species generally include species adapted to moist
and dry prairies. Alvar communities are extremely vulnerable to human
disturbance, and to changes in hydrology associated with disturbance.
Anthropogenic Communities
High-intensity
Most areas mapped as high-intensity agricultural land within the
Agricultural Land
watershed consist of actively-farmed cropland. These areas allow
some permeability to animals that move across the landscape, but at
certain times of the year (for example in early spring after ploughing)
would be less permeable because of their lack of cover, increasing the
probability of predation and desiccation (for amphibians). Small
depressions in agricultural fields may be used for breeding by
amphibians in the spring.
Non-intensive
Areas of non-intensive agriculture consist primarily of hayfield and
Agriculture
pasture. Areas of less intensive agriculture permit more animal
movement than cropland, and in some cases, provide breeding habitat.
Trees and “weedy” edges of agricultural fields may provide nesting and
foraging habitat. Hayfields are used extensively for breeding by two
Species at Risk, Bobolink (Dolichonyx oryzivorus) and Eastern
Meadowlark (Sturnella magna). However, these habitats are often
ephemeral (e.g., a field used for hay in one year may be used for crops
in the next year), and agricultural practices (for example early haycutting) reduce their habitat value. Less intensively used agricultural
areas can support populations of breeding grassland bird species, if
they are not intensively grazed; intensive grazing reduces their habitat
value.
Urban Pervious
Pervious urban areas include parks, golf courses and low-density
residential areas with areas of lawn. These areas allow movement of
biota to some extent, as planted trees, shrubs and flower beds provide
cover and some forage (insects and seeds) for wildlife, and may permit
limited dispersal of some plant species.
Urban Impervious
Impervious urban areas are those that permit very little animal
movement because of the lack of cover and “hardened” surfaces, that
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increase the risk of mortality due to desiccation, predation by pets and
urban-subsidized predators such as skunks, raccoons and foxes, and
barriers imposed by walls. Dispersal of plants is limited to those that
disperse readily by wind, and some that disperse by water.
Active Open Space Active open space includes areas that are modified to support large
numbers of people, such as manicured parks and golf courses. They
may permit some animal movement but generally lack cover and
habitat.
Road
Roads pose a unique threat to wildlife as most wildlife species are
highly vulnerable to road mortality. Some animals such as turtles and
snakes are attracted to roads because they provide basking and
nesting sites, and are exceptionally vulnerable.
Quarry
Quarries are generally devoid of vegetation, and are impermeable to
wildlife because of lack of cover and habitat, but rehabilitation plans
may allow these areas to become habitat in the future.
Rare Plant Communities
Rare vegetation communities within the NVCA watershed were generally very small in
size, but supported many rare species. Reconnaissance surveys completed for this
characterization report were too broad to enable mapping of rare vegetation communities;
instead, only those rare communities that have been previously mapped within the
watershed are included in this report:








Rare forest vegetation communities have been noted such as pine-oak woodland
and oak savannah in Wasaga Beach Provincial Park;
Tallgrass prairie, savannah and woodland are mapped within Wasaga Beach
Provincial Park;
Other rare communities in Wasaga Beach Provincial Park, as well as along the
shorelines of Nottawasaga and Georgian Bay, include Great Lakes Coastal Meadow
Marsh, naturally vegetated and open beaches, bedrock beaches, sand dunes and
sand barrens;
The Minesing Wetlands support bur oak and hackberry swamps and Buttonbush
Organic Thicket Swamp, communities that show affinities with southern ecoregions
(these are not mapped separately as they are both types of deciduous swamp);
The Niagara Escarpment supports rare cliff and talus communities, some with oldgrowth cedar stands.
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Areas of rare vegetation may occur more widely in the watershed, especially in areas
where vegetation occurs on unusual substrates, as described in Section 3.7.8.
3.7.5 Biodiversity: Rare Plants
Nineteen (19) species of rare plants (plants with a status of S1 to S3 assigned by the
Ontario Ministry of Natural Resources’ Natural Heritage Information Centre (NHIC)) have
been mapped within the NVCA watershed by NHIC. Table 3.7-3 provides a list of rare
plants known within the watershed and Figure 3.7-3 maps the numbers of known
provincially rare plants within each of the fifty-eight (58) 10 km x 10 km squares within the
58 squares that encompass the watershed. Two rare moss species (Northern Firmoss
(Huperzia selago) and Olney’s Grimmia (Grimmia olneyi) have also been noted within the
watershed. Both of these moss species are associated with wetland habitats.
Rare plant biodiversity is particularly concentrated in sandy habitats and wetlands.
However, approximately one-third of noted rare plant species are plants of forest habitats.
The greatest concentration of rare plants is in the square encompassing the Minesing
Wetlands. The distribution shown in Figure 3.7-3 is likely influenced by the fact that there
are likely many areas where there has been very little botanical study.
Table 3.7-3. Significant plant species noted within the Nottawasaga Watershed by
the Natural Heritage Information Centre.
Common Name

Scientific Name

Habitat

Panax quinquefolius

Status (Provincial,
SARA/SARO)
S2, END/END

American
Ginseng
Beaked
Spikerush
Broad Beech
Fern
Butternut
Eastern Prairie
Fringed Orchid
Forked Threeawned Grass
Halberd-leaved
Smartweed

Eleocharis rostellata

S3

Wetland

Phegopteris
hexagonoptera
Juglans cinerea
Platanthera
leucophaea
Aristida basiramea

S3, SC

Forest

S3, END/END
S2 END/END
S2, END/END

Forest
Meadow marsh, moist
prairie, fen
Sand barren

Persicaria arifolia

S3

Wetland
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Common Name

Scientific Name

Status (Provincial,
SARA/SARO)
S3 THR/THR

Hill’s Thistle

Cirsium pumilum var.
hillii
Chimaphila maculata

Sand Dune

S2 THR/END

Forest

Valeriana uliginosa

S2

Strophostyles helvola

S4

Pterospora
andromedea
Poa saltuensis ssp.
languida
Carex muhlenbergii
var enervis

S2

Fens, wet meadows,
swamps, and ditches
Sand beaches and
dunes
Forest

S3

Forest

S1S2

Rocky woods and dry,
open, sandy ground

Cyperus houghtonii

S3

Sand dune, sand barren

Cypripedium arietinum S3

Wetlands, sandy woods

Sporobolus
compositus

S4

Rugulose
Grapefern
Stiff Yellow Flax

Sceptridium
rugulosum
Linum medium

S2?

Schweinitz's
Sedge

Carex schweinitzii

S3

Prairie remnants and
river shorelines (native
populations rare; but
becoming invasive
along roadsides in some
areas)
Woodlands and edges,
grassy open areas
Moist rocky and sandy
shores; Great Lakes
endemic
Seepages, river banks
and wooded swamps

Spotted
Wintergreen
Swamp Valerian
Trailing Wild
Bean
Woodland
Pinedrops
Weak Bluegrass
Nerveless
Muhlenberg’s
Sedge
Houghton’s
Flatsedge
Ram’s Head
Lady-slipper
Rough Dropseed

S3

Habitat

Status Codes
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SRank = Sub-national Rank















SH – Possibly extirpated (Historical)
S1 – Extremely rare in Ontario
S2 – Very rare in Ontario
S3 – Rare to uncommon in Ontario
S4 – Considered to be common in Ontario
S5 – Indicates that a species is widespread in Ontario
S? – Not ranked yet
SNR - Unranked
SNA – Not applicable
SE – Exotic
SU – Unranked
SX – Presumed extirpated from Ontario
C – Cultivated
? – Uncertain classification due to insufficient information

SARA = Species at Risk Act
Government of Canada. 2015. Species at Risk Public Registry. Gatineau, Québec.





EXP – Extirpated
END – Endangered
THR – Threatened
SC – Special Concern

COSEWIC = Committee on the Status of Endangered Wildlife in Canada







EXT – Extinct
EXP – Extirpated
END – Endangered
THR – Threatened
SC – Special Concern
NAR – Not at Risk
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ESA =Endangered Species Act





EXT – Extirpated
END – Endangered
THR – Threatened
SC – Special Concern
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3.7.6 Biodiversity: Wildlife
Figure 3.7-4 and Figure 3.7-5 provide mapping of fauna biodiversity within the NVCA
watershed, as measured by numbers of amphibians and reptiles (Figure 3.7-4) and
breeding birds (Figure 3.7-5). Breeding birds, rather than migrating birds, are used as a
basis for estimation of biodiversity of birds in the watershed as they depend on the
watershed for specific breeding habitat, unlike migrating birds, which tend to be less
selective. However, migrating birds also provide some data on areas of particular
biodiversity within the watershed.
3.7.6.1 Amphibians and Reptiles
A very high diversity of amphibians and reptiles has been recorded within the watershed,
likely because of the extensive and well-connected wetlands and forests throughout most
of the watershed. Thirty-three species of reptile and amphibian have been noted within the
watershed (Appendix A): seven salamander species (including Mudpuppy (Necturus
maculosus) and Eastern Newt (Notophthalmus viridescens)), 10 frog species, five turtle
species, 10 snake species and one lizard. The highest diversity of reptiles and amphibians
was focused on the northern part of the watershed, in the squares encompassing Wasaga
Beach Provincial Park and in the northeastern part of the NVCA watershed (Figure 3.7-4).
The extensive wetlands, high topographic diversity and sandy habitat in these areas
provide the basis of a high diversity of vegetation, which in turn leads to a high diversity of
amphibians and reptiles. Most amphibian and reptile species require closely interspersed
wetland and upland habitat, as they require wetland habitat during one part of their life
cycle, and upland habitat during other parts of their life cycle. Most amphibians in the
NVCA watershed require wetland habitat during breeding and upland habitat during nonbreeding parts of their life cycle, whereas reptiles such as turtles require wetlands for
overwintering and foraging, and upland habitats for breeding (several species are highly
dependent on upland habitats in summer as well). Snake species generally depend on
upland habitats, but several snakes inhabit wetlands, including Eastern Ribbonsnake
(Thamnophis sauritis), Northern Watersnake (Nerodia sipedon), and, during hibernation,
Massasauga (Sistrurus catenatus).
The northeastern part of the NVCA watershed is particularly valuable as habitat because it
is more highly vegetated, and is less fragmented by roads and other ecological barriers,
than other parts of the area. Reptiles and amphibians thrive where the diversity of habitats
is contiguous as they are highly vulnerable to road kill. Even common species such as
Spring Peeper (Pseudacris crucifer) and Midland Painted Turtle (Chrysemys picta
marginata) tend to decline in urban areas, because the landscape becomes fragmented.
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High reptile and amphibian species diversity is also associated with the northern and
western bays of Lake Simcoe. The 10km x 10km squares that are the basis for data
collection overlap with these areas, which are outside the NVCA jurisdictional boundary.
However, these areas (in the northeastern corner of the NVCA watershed near Lake
Couchiching and in the eastern part of the watershed near Kempenfelt Bay) are important
as connections to areas of high diversity beyond the watershed boundary. The high
diversity within these areas are likely also influenced by higher search efforts associated
with Orillia and Barrie, respectively.
3.7.6.2 Breeding Birds
One-hundred and eighty-nine (189) breeding birds have been noted in the NVCA
watershed (Appendix A). Figure 3.7-5 shows a map of breeding bird biodiversity within
the NVCA watershed. The area of highest breeding bird diversity was noted in the squares
encompassing Wasaga Beach Provincial Park. The park is large and configured with an
optimum interior-to-edge ratio2. It is largely forested (in the broad sense including both
swamps and forests), and so supports a high diversity of forest area-sensitive breeding
bird species. Areas of meadow, prairie and marsh occur on the southeast side of the park,
associated with a large wetland complex, which provide breeding habitat for a high
diversity of birds with preferences for meadow and wetland habitats.
Other areas of high breeding bird diversity were associated with the eastern part of the
NVCA watershed, likely as a result of the proximity of the east shore of Lake Simcoe.

2Edge

habitat (i.e. habitat approximately 100 m from a forest edge) is associated with abundant impacts on
breeding birds such as drying of soils (and reduction of insect prey) from drying winds and sunlight, increased
numbers of predators, and disturbance from road noise and light. These impacts can also affect breeding
amphibians and reptiles. Forest patches with a high edge-to-interior ratio have areas of so-called forest
interior: which tend to be more moist and shaded, with higher insect prey populations and fewer predators,
than forest edges.
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3.7.6.3 Breeding Birds of High Conservation Priority
The abundant wetlands and forests within the NVCA watershed provide habitat for a
substantial diversity of birds of high conservation priority in Ontario, through provision of
extensive, connected wetlands and forests that meet a high diversity of habitat needs.
Eighty-nine (89) breeding birds of high conservation priority (based on conservation
priorities L1 to L3 for Simcoe County according to Couturier 1999) have been noted within
the NVCA watershed (Appendix A). Conservation priorities have been developed
according to a cumulative scoring system that sums scores for abundance, population
trends, habitat specificity (for example area-sensitivity), productivity, rarity, and
jurisdictional responsibility. This means that these species with high scores are highly
dependent on the NVCA watershed for habitat. The watershed supports 29 bird species
with scores of L1, 34 species with scores of L2, and 26 species with scores of L3.
3.7.6.4 Migrating Birds
Information on migrating birds is collected in the “E-Bird” Citizen Science website (E-bird
2018). This site publishes information on “hotspots” throughout North America. To some
extent, the number of species noted within hotspots reflect areas with high numbers of
birds, though the number of birds found is highly influenced by the number of observers (so
numbers of birds are often higher near populated areas and areas with public access, in
addition to areas that support large numbers of birds).
The NVCA watershed provides important habitat for migrating birds; hotspots for migrating
birds are concentrated in similar areas to those noted for breeding birds. Over 200 bird
species have been noted in areas of the Minesing Wetlands within the past 10 years, for
example, and 116 species have been noted at Wasaga Beach Provincial Park. Migrating
birds tend to follow shorelines, as shorelines provide abundant insects that migrating birds
use for refueling. This is evident from hotspots noted along the Collingwood waterfront,
where observations of over 140 species have been recorded. However, hotspots are often
focused in areas where a diversity of migrating waterfowl, shorebirds and songbirds are
concentrated, so hotspots with high numbers of species also include highly disturbed areas
that are attractive to birds such as the Stayner sewage lagoons (180 species) and the
Everett Gravel Pit (145 species).
3.7.6.5 Significant Fauna Species
Forty (40) species considered Species at Risk (SAR) have been noted in the NVCA
watershed: twelve (12) amphibian and reptile species and twenty-eight (28) bird species
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(Table 3.7-4). Twenty-eight (70%) of these species are associated with wetland habitats;
the remainder are associated with a variety of habitats including forest, bluffs, buildings,
beaches and grasslands. Figure 3.7-6 shows the distribution of fauna SAR in the NVCA
watershed; highest diversity of SAR are associated with northern and central parts of the
watershed, particularly in the vicinity of Wasaga Beach Provincial Park and its associated
wetland and forest habitats.
Table 3.7-4. Significant reptile, amphibian and bird species noted in the
Nottawasaga Watershed
Species
Reptiles and Amphibians
Jefferson Salamander
Western Chorus Frog
(Great Lakes-St.
Lawrence)
Blanding’s Turtle
Five-lined Skink
(Southern Shield)
Eastern Hog-nosed
Snake (Great Lakes-St
Lawrence Population)
Eastern Milksnake
Eastern Musk Turtle
Eastern Ribbonsnake
Massasauga
Midland Painted Turtle
Northern Map Turtle
Snapping Turtle
Birds
Acadian Flycatcher
Bald Eagle
Bank Swallow
Barn Swallow
Black Tern
Bobolink
Canada Warbler

Ecosystem Recovery Inc.

Status

Habitat

END/END
THR/

Forest with vernal pools
Flooded thicket and thicket swamp

END/THR
SC/SC

Open marsh and thicket swamp
Forest

THR/THR

Forest

SC/
SC/SC
SC/SC
THR/THR
SC/
(recommended)
SC/SC
SC/SC

Forest, thicket
aquatic marsh and open water
Open marsh and thicket swamp
Open forest, rock barren
aquatic marsh and open water

END/END
NS/SC
THR/THR
THR/THR
SC/SC
THR/THR
THR/SC

Deciduous swamp
Forest and treed swamp at lake edges
Bluffs near water
Buildings
Open marsh
Grassland
Deciduous and treed swamp

aquatic marsh and open water
aquatic marsh and open water
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Species
Cerulean Warbler
Chimney Swift
Common Nighthawk
Eastern Meadowlark
Eastern Wood-pewee
Forster’s Tern
Golden-winged Warbler
Grasshopper Sparrow
King Rail
Least Bittern
Louisiana Waterthrush
Olive-sided Flycatcher
Piping Plover
Red-headed Woodpecker
Red-shouldered Hawk
Short-eared Owl
Eastern Whip-poor-will
Wood Thrush
Evening Grosbeak
Henslow’s Sparrow
Peregrine Falcon
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Status
END/THR
THR/THR
SC/SC
THR/THR
SC/SC
DD/DD
THR/SC
SC/SC
END/END
THR/THR
THR/THR
THR/SC
END/END
THR/SC
SC/
SC/SC
THR/THR
THR/SC
SC/
END/END
SC/SC

Habitat
Forest and treed swamp
Buildings
Open gravel
Early successional areas
Forest
Open marsh
Thicket and thicket swamp
Grassland
Open marsh
Open marsh
Forest and deciduous or mixed swamp
Coniferous swamp
Sand beach
Treed Swamp
Forest and swamp
Grassland
Open Forest
Forest
Forest
Grassland
Cliffs and tall buildings
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3.7.7 Animal Movement Corridors
The primary connections in the landscape that serve as animal movement corridors have
been theorized by NVCA (Figure 3.7-8). These corridors generally follow river valleys,
with the most significant nodes of habitat being represented by Wasaga Beach Provincial
Park/Jack’s Lake Provincially Significant Wetland, Minesing Wetlands and the Niagara
Escarpment. The landscape surrounding the habitat within the NVCA watershed largely
consists of active and passive agricultural land (see Table 3.7.2), which allows animal and
plant dispersal to some extent. Habitat adjacent to urban areas is in danger of becoming
fragmented; for example, Wasaga Beach Provincial Park is being increasingly isolated by
surrounding development and encroachment.

Figure 3.7-8. Primary movement corridors within the Nottawasaga Watershed
(NVCA, 2012)
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3.7.8 Areas of High Biodiversity and Representation
The OMNR’s Area of Natural and Scientific Interest (ANSI program) set out to identify the
most significant natural areas in each Ecodistrict. Thirty-five (35) Life Science ANSIs have
been identified within the NVCA watershed and are located within Ecodistricts 6E-1 (LIO,
2018), 6E-5 (Lindsay 1984a), 6E-6 (Hanna 1984a), 6E-7 (Lindsay 1984b) and 6E-8 (Hanna
1984b). Table 3.7-5 briefly describes features of ANSIs within the NVCA watershed; ANSI
locations are shown on Figure 3.7-9. ANSIs have been identified throughout each
Ecodistrict in Ontario based on representation, size, condition, ecological functions and
special features. Provincially significant ANSIs are those that provide the “best”
representation of vegetation/landform units in this context. Regional ANSI are those that
provide highly significant representation, though they are not considered the best.
Provincial parks are included on Figure 3.7-9 as they protect many significant features.
Outstanding natural areas in any watershed are often those that have undergone less
disturbance and development than other parts of that watershed; this may be because they
tend to occupy steep slopes, wet bottomlands and areas of groundwater discharge. Many
of the ANSIs within the NVCA watershed are associated with the Niagara Escarpment, and
many of these areas are wetlands.
Provincially Significant Wetlands (PSWs) are also shown on Figure 3.7-9, as they
represent wetlands with exceptional hydrological, biological, social and special features
and functions.
Table 3.7-5. Areas of Natural and Scientific Interest within the Nottawasaga
Watershed
Number on
Figure 3.7-9

ANSI Name

Significance Representation

3

Alliston
Pinery

Provincial

4

Glen Cross
Upland
Forest

Regional

Ecosystem Recovery Inc.

Remnant White Pine forest on Alliston Sand
Plain, (unusual because most of the sand
plain was cleared for farming); composed of
White Pine, with Sugar Maple (Acer
saccharum) and White Birch (Betula
papyrifera).
Moderate representation of mesic broadleaf
forests and of the mantled re-entrant valley
slopes and ice-contact stratified drift on which
they occur. The relative lack of disturbance of
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Number on
Figure 3.7-9

5

ANSI Name

Significance Representation

Glen Huron
Gorge
Martin Farm
South

Regional

8

Marl Lake

Provincial

10

AllendaleLake
Algonquin
Bluffs

Provincial

17

Nottawasaga
River Spit
Nottawasaga
River North

Regional

7

19

Ecosystem Recovery Inc.

Regional

Regional

many of the Hemlock-dominated mixed
stands and mesic Sugar Maple - White Ash
stands, the White Cedar mixed bottomland
forests and the permanent stream are other
noteworthy features of this exceptional small
site
Representation of Escarpment features
Gently to moderately rolling kame hills with
immature to semi-mature sugar maple-ashbeech with sugar maple understory
Headwaters for Marl Creek adjacent to the
extensive habitats of Wasaga Beach
Provincial Park; extensive calcareous
groundwater discharge; high diversity of
wetland types including thicket swamp,
shallow marsh, deciduous swamp and aquatic
marsh
Post-glacial shoreline of former Lake
Algonquin; the least disturbed and most
diverse bluff complex in the ecodistrict;
deciduous forest, hemlock-beech forest on
lower slopes, with a large abandoned gravel
pit occurs within the east central portion of the
bluff
River spit provides a relatively extensive area
of natural beach communities
Representative of valley bottomland features
on outwash deposits and on more recent
alluvial deposits in the Dufferin Section of the
Niagara Escarpment. In comparison with the
Credit River Lowlands, recent alluvial
deposits are less extensive and older
outwash deposits are more extensive. The
site also has moderate representation of
semi-mature conifer bottomland forests and
successional mixed forests
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Number on
Figure 3.7-9
21

ANSI Name

Significance Representation

Nottawasaga
River

Provincial

24

Nottawasaga
Lookout

Provincial

25

Mono Cliffs

Provincial

Representation of river valley vegetation
types including White Cedar floodplain, mixed
swamps, and deciduous slope forest
comprise a narrow, meandering river valley
system of the Nottawasaga River where it
cuts through the Allison Sand Plain
The park features a number of outstanding
characteristics representative of the
escarpment landscape, mainly because of the
excellent examples of crevice caves, talus
slopes and associated forests, areas of
escarpment plain forests, moist open cliffs,
moist crevice caves at the base of the
escarpment, dry-mesic mixed talus forests,
ravine habitats and some small riparian and
wetland habitats. The cliff face located within
the park was included in The Niagara
Escarpment Ancient Tree Atlas Project (Kelly
& Larson, 2003) and was found to have three
notable cedar trees aged at 101, 198 and 305
years old existing along the escarpment edge.
Exposure of the Niagara Escarpment and two
dolostone outliers along the edge of a
meltwater
drainage channel (part of the Violet Hill
Meltwater Spillway) with high and low cliffs
and cliff-face fissure

26

Lavender
Falls

Ecosystem Recovery Inc.

Provincial

systems, talus slopes and steep bedrockcontrolled slopes; old-growth Eastern White
Cedar; as well as forest and swamp features.
Part of a glacial re-entrant river valley that
was formed during the last ice age. The valley
landform includes tablelands with Niagara
Escarpment cliff, slope and valley bottomland
habitats containing 46 different vegetation
types. This ANSI is included in Noisy River
Provincial Park.
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Number on
Figure 3.7-9
27

ANSI Name

Significance Representation

Boyne Valley

Provincial

31

Bass Lake
Forest Park
Reserve and
Adjacent
Lands
Minesing
Wetlands

Regional

33

Pretty River
Valley

Provincial

36

Duntroon
Escarpment

Regional

37

Terra Nova
Forests
Oak Ridges
North

Provincial

32

38

Ecosystem Recovery Inc.

Provincial

Regional

Conifer and mixed swamp, beaver ponds,
minor meadow marshes, major braided
stream system; mesic north facing slopes and
ravines; mixed forest, seepage zones/springs,
streams; dry south facing slopes and ravines;
limestone canyons/cliffs; moist talus rubble,
stream thicket and cliff communities;
tableland and bottomland fields with some
successional areas
Swamp-marsh wetland complex at southwest
end of Bass Lake, bordered by glacial Lake
Algonquin shorecliff; vegetation includes
thicket swamp, mixed swamp, deciduous
swamp and shallow marsh
Recent peat deposits on extensive
glaciolacustrine plain – high microclimatic
diversity created by cold groundwater
discharge from postglacial shorelines;
extensive boreal wetland complex in the
southwest section; rich open fens, Carolinian
bottomland and levee forests (including
unusual forests dominated by Eastern
Hackberry) along the Nottawasaga River;
cattail marsh and thicket swamp; Great Blue
Heron breeding area, waterfowl staging area.
The park contains Provincially Significant
Earth Science (Pretty River Valley) and Life
Science (Pretty River Valley) ANSIs, which
include the Escarpment, the Gibraltar Moraine
and the headwaters of Pretty River.
This ANSI on the Niagara Escarpment
supports 15 vegetation community types
sustaining 213 vascular plant species
Includes discrete valley and upland units
separated by an area of cleared land.
Young to intermediate-aged deciduous and
mixed forests on sand moraine; somewhat
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Number on
Figure 3.7-9

ANSI Name

Significance Representation

40

Cannings
Falls

Provincial

41

Rugby West

Provincial

43

Moonstone
Northeast

Regional

45

Violet Hill
South

Regional

Ecosystem Recovery Inc.

disturbed with pine plantation in sectors; a
significant forest for the Dufferin Section of
the Oak Ridges Moraine
Provides the best representation in the
Dufferin Section of incised gorge, ice-contact
deposits, waterfalls and stream features. It
also includes features moderately
representative of escarpment rim, talus,
mantled slope and bedrock-based terrace
features, as well as uplands and slopes on
ice-contact deposits and bottomlands on
recent alluvial deposits. These landforms
support excellent and highly representative
examples of mesic mixed forests, open water
river, wet cliffs (spray zone), mixed and
conifer rim forests, wet-mesic mixed forests
and mixed swamps
best example of relatively undisturbed kame
hills with
upland semi-mature woods on the Oro
Moraine in Ecodistrict 6E-6
This moderately disturbed site is
characterized by 4 km of shorecliff running
from Moonstone north to Coldwater. It
encompasses sand plain rising 65 m to the
top of the shorecliff and till plain island.
Best example of an escarpment promontory
in the central Dufferin section of the
Escarpment, and is moderately representative
of an undisturbed incised gorge with an array
of escarpment communities such as rim, cliff,
talus, mantled slope, bedrock terrace. The
site also has moderate representation of
uplands, valley slopes and bottomlands on
outwash deposits mixed with till, occurring on
the Manitoulin Formation terrace and on the
Queenston Formation. The site has
moderate-to-high representation of mixed
swamp and talus thicket communities, and
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Number on
Figure 3.7-9

47
49

ANSI Name

Pretty River
Valley
Moraine
Jacks Lake

Significance Representation

Regional
Regional

50

Hatherton
Wetlands

Provincial

51

Devil's Glen

Provincial

52

Oakview
Woods

Provincial

53

Copeland
Forest
Resource
Management
Area
Fergusonvale
North
Glen Huron
Swamp and
Escarpment
Pretty River
Valley South

Regional

54
55
58

Ecosystem Recovery Inc.

Provincial
Regional
Regional

moderate representation of mesic broadleaf
forests, successional mixed forests, crevices,
talus seeps and mesic conifer talus forests
Representation of a moraine associated with
the Pretty River Valley
Remnant of the ancient lagoon system,
dominated by deciduous, mixed and conifer
swamps; open water and emergent marshes
are associated with Jack’s Lake and
abandoned oxbows/floodplain areas along the
Nottawasaga River and an unnamed tributary.
Large headwater wetland of the Mad and
Saugeen Rivers; (low shrub and treed bog,
lowland forests and swamps), forested esker;
relatively undisturbed
Rock faces and outcrop features, slopes 12~
or greater, bottomlands, wetlands, the Mad
River (quality coldwater fishery habitat),
natural vegetative cover
Beach and dune complex -- active beach and
river mouth spit, raised beaches, dunes
(various orientations), lagoonal sediments
and river floodplain. Shorecliffs and boulder
pavement, raised beaches, dunes (prairie
grassland); older-growth forests of Eastern
Hemlock
Steep valley slopes and headwater wetlands
harbour swamps dominated by Eastern White
Cedar and ash species; steep sandy slopes
dominated by deciduous forest
Sand plain rising 50 m to a till plain island.
Semi-mature deciduous forest predominates.
Representation of escarpment features
Representation of a significant part of the
Pretty River Valley
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Number on
Figure 3.7-9
59

ANSI Name

Significance Representation

Wasaga
Dunes

Provincial

65

Oak Ridges
South Slope
Forests

Provincial

2, 29, 56 and Camp
64
Borden
ANSIs

Ecosystem Recovery Inc.

Regional

Raised beaches, foredunes and parabolic
dines (largest and least disturbed in Ontario);
includes beaches, beach ridges, dunes,
lagoon sediments and river floodplain with a
high diversity of vegetation including meadow
marsh, intact native sand dune communities,
slough and trough swamp/forest complex,
Red Oak savannah, sand prairie grasslands,
and mixed forest; supports snake and turtle
Species at Risk; many bird species of
conservation concern
A small portion of the South Slope of the Oak
Ridges Moraine is located in the southern
portion of the NVCA watershed. This ANSI is
associated with the Oak Ridges Moraine and
represents warmer-than-normal forest
associations on sand in Ecoregion 6. The
cover is currently a sugar maple-red oak
forest with some red and white pine. In the
Pine River floodplain area, the species
include white ash, yellow and white birch,
basswood (Tilia americana), cedar, hemlock
(Tsuga canadensis), balsam fir, and some
elm (Ulmus americana).
Extensive forests along the Pine River and
Mad River through Camp Borden are
representative of lowland sand plain
woodlands
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1 - Marl Lake ES
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2 - Mad River at Camp Borden
3 -Alliston Pinery
4 - Glen Cross Upland Forest
5 - Glen Huron Gorge
6 - Algonquin Shorelines
7 - Martin Farm South
8 - Marl Lake
9 - Mono Cliffs Provincial Park
10-Allandale LakeAlgonquin Bluffs
11 - Langman Farm
12 - Pine River Valle y
13 - Humber Headwaters
14 - Cann ings Falls ES
15 - Gilbraltar Moraine
16 - Devil's Glen Provin cial Park and Park
Reserve
17 - Nottawasaga River Sp it
18 - Humber Headwaters
19 - Nottawasaga River North
20 - Caledon Meltwater Deposits
21 - Nottawasaga River
22 - Lavender Falls/Dunedin Park Reserve
23 - Jacks Lake ES
24 - Nottawasaga Lookout
25 - Mon o Cliffs
26 - Lavender Falls
27 - Boyne Valley
28 - Hatherton Esker
29 - Pine River at CampBorden
30 - Pretty River Valley
31 - Bass La ke Forests
32 - Minesing Swamp
33 - Pretty River Valley
34 - Edenvale Moraine
35 - Nottawasaga Lookout ES
36 - Duntroon Escarpment
37 - Terra Nova Forests
38 - Oak Ridges North
39 - Meltwater Ch annel East of Lavender
40 - Cann ings Falls
41 - Rugby West
42 - Mount Wolfe
43 - Moonstone Northeast
44 - Primrose-Boyne Valley
45 - Violet Hill South
46 - Noisy Valley Near Dunedin
47 - Pretty River Valley Moraine
48 - Wasaga Beach Provinc ial Park and
Wasaga Backlands Park Reserve
49 - Jacks Lake
50 - Hatherton Wetlands
51 - Devil's Glen
52 - Oakview Woods
53 - Copeland Forest
54 - Fergusonvale North
55 - Glen Huron Swamp and Escarpment
56 - South of Camp Borden
57 - Algonqu in Bou Ider Beach
58 - Pretty River Valley South
59 - Wasaga Dunes
60 - Banks Moraine
61 - Du ntroon Quarry
62 - Innis-Gibson Lakes Kettles
63 - Hall-Thompson Lake Kettles
64 - North of Camp Borden
65 - Oak Ridges South Slope Forests

Figure 3.7-9

Figure 8: Provincially Significant Wetlands and
Areas of Natural and Scientific Interest

Legend
ANSI
•

••

1 - Mono Cliffs Provincial Park
2 - Nottawasaga Lookout Provin cial Nature Reserve
3 - Devil's Glen Provincial Park
4 - Pretty River Valley Provin cial Park
5 - Earl Row e Provincial Park
6 - Beattie Pinery Provin cial Park (Nature Rese rve
Class)
7 - Boyne Valley Provincial Park
8 - Springwate r Provin cial Park (Recreational
Class)
9 - Noisy River Provincial Park
10 - Hockley Valley Provincial Nature Reserve
11 - Wasaga Beach Provinc ial Park
12 - Bass Lake Provincial Park (Recreational Class)

ANSI, Earth Science
ANSI , Life Science
Cand idate ANSI , Earth Science
Cand idate ANS I, Life Science

18B)

Provincia lly Sign ificant
Wetlands

~
[]

Provincia l Parks

D

Jurisd ictional Boundary

NVCA Subwatersheds

NAO 1983 UT M 17
Project: NVCA IWM P
Date: 2018-05-23
Data Sources
Nottawasaga Ya lley Conservation Authority
Land Information Ontario
North- South Env,ronmental inc.

1: 350,000
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3.7.8.1 Changes noted within Significant Features
The most significant features noted within the NVCA watershed are the Minesing
Wetlands, Wasaga Beach Provincial Park and associated wetlands and forests to the
south of the park. Considerable monitoring effort has been used to determine the health of
Minesing Wetlands (Rootham and Featherstone 2014). Between 1953 and 2013, 1,860 ha
of deciduous forest cover was lost. Though partially offset by 240 ha of forest gain via
regeneration (220 ha deciduous forest, 20 ha coniferous forest), this represents a 37% net
decline in total forest cover and a loss of more than 56% of total deciduous cover during
this time period. An analysis of historical reports prepared for and by the Ministry of
Natural Resources showed that the main tree species lost was Silver Maple (Acer
saccharinum)3. Extensive emergent marsh and thicket swamp communities have replaced
the lost deciduous forest cover. Conversely, the mixed coniferous swamps associated with
a stable groundwater regime in the southeast portion of the wetlands have remained
relatively unchanged.
Cumulative impacts from subwatershed-scale and local land clearing and drainage,
combined with subsequent impacts associated with Hurricane Hazel and Dutch Elm
disease, are linked to changes in the hydrology of the wetland (longer and more variable
periods of inundation) and responsible for a shift in dominant ecosystem type from
deciduous swamp forests to open marsh and swamp thickets (Rootham and Featherstone
2014). Though open wetlands have replaced forests, invasive species, particularly Rough
Manna Grass, have colonized extensive areas of former forest (Rootham and
Featherstone, 2014).
The greatest threats to Wasaga Beach Provincial Park and its surrounding wetlands and
forests are forest succession, disturbance and increasing isolation. Savannah and sand
barren habitats, predominantly in the parabolic dune areas within the park, are becoming
increasingly shaded by cessation of fire, which is the most important natural disturbance in
maintaining prairie and savannah vegetation in Ontario. Without fire, increasing growth of
Red Maple and White Pine is shading out significant vegetation. Intensive development
adjacent to Wasaga Beach Provincial Park has created degradation in vegetation
communities close to the park (Personal Experience). In addition, there has been a
decline in some of the features of the park that are related to increasing development
surrounding the park. There has been a decline in the population of Hognose Snake

3Note

that much of the Silver Maple is likely Freeman’s Maple, as discussed in Section 3.7.3.
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(Heterodon platirhinos) within the park, which has been related to increasingly intensive
surrounding development.
Wetland loss has been a highly significant issue in Ontario throughout its settlement
history. Wetland loss was most substantial in the early 1900s as land was converted to
farming; forests were cut and land drained. While provincial policies since 1993 have
protected wetlands, wetland loss is still occurring which is attributed to indirect impacts
associated with urban development and agriculture. Wetland loss and degradation have
occurred in the NVCA watershed in recent years as reflected in NVCA subwatershed
report cards that note that wetland loss is still an issue (NVCA 2013a). Based on satellite
photo interpretation there was a net watershed wetland loss of 254 ha, between 2002 and
2008. This represents a 0.57% decrease in wetland cover since 2002 and was associated
with agricultural land conversion and development activity (NVCA 2013a).
Based on satellite photo interpretation, there was a net loss in forest cover of 460 ha within
the NVCA watershed, between 2002 and 2008. This represents a 0.39% decrease in
forest cover since 2002. Forest loss was generally associated with development activity
and, to a lesser extent, agricultural conversion. There is indication that there have been
slight gains in forest cover in some subwatersheds in recent years. In the Boyne River
subwatershed, there was a net gain in subwatershed forest cover of 18 ha between 2002
and 2008; this represents a 0.36% increase in forest cover since 2002. Growth of young
conifer plantations was responsible for most of this forest gain (NVCA 2013b). Similarly,
there was a net gain in forest cover in the Mad River subwatershed of 124 ha (0.8%), again
mainly due to growth of conifer plantations (NVCA 2013c).
3.7.8.2 Earth Science ANSIs
Earth Science ANSIs that are present in the NVCA watershed delineate significant glacial
and post-glacial features (see Table 3.7-6 and Figure 3.7-9). Some Earth Science ANSIs
are associated with Life Science ANSIs.
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Table 3.7-6. Earth Science ANSIs Present in the NVCA Watershed
Number on
Figure 3.7-9
1
6*
9
11
12
13
14
15*
16
18*
20
22
23
28
30
34
35
39
42
44
46
48

Earth Science ANSI Name

Significance

Marl Lake ES
Regional
Algonquin Shorelines
Regional
Mono Cliffs Provincial Park
Provincial
Langman Farm
Regional
Pine River Valley
Provincial
Humber Headwaters
Candidate Provincial
Cannings Falls ES
Provincial
Gilbraltar Moraine
Provincial
Devil's Glen Provincial Park and Park Reserve
Regional
Humber Headwaters
Candidate Provincial
Caledon Meltwater Deposits
Provincial
Lavender Falls/Dunedin Park Reserve
Regional
Jacks Lake ES
Regional
Hatherton Esker
Provincial
Pretty River Valley
Provincial
Edenvale Moraine
Regional
Nottawasaga Lookout ES
Provincial
Meltwater Channel East of Lavender
Regional
Mount Wolfe
Candidate Provincial
Primrose-Boyne Valley
Provincial
Noisy Valley Near Dunedin
Regional
Wasaga Beach Provincial Park and Wasaga
Provincial
Backlands Park Reserve
57
Algonquin Boulder Beach
Regional
60
Banks Moraine
Provincial
61
Duntroon Quarry
Regional
62*
Innis-Gibson Lakes Kettles
Candidate Provincial
63*
Hall-Thompson Lake Kettles
Candidate Provincial
(Note: * indicates ANSIs that are immediately adjacent to the NVCA watershed, and which
may have some portions within the NVCA watershed. ANSI numbers 6, 15, 18, 62 and 63
are adjacent to the boundary of the NVCA watershed, but do not occur within the watershed
itself)
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Climate Change

3.8.1 Introduction
Climate, and the monitoring of climate information, are vital components to the operation of
a Conservation Authority. Climate information is used on a daily basis for flood warning
and forecasting, it is also used in conjunction with other collected data to analyze long-term
trends to identify hazard lands, and water as a finite resource.
In 2009, the International Panel for Climate Change in Ontario suggested that, in Ontario,
climate change would lead to a mean temperature increase of 2.5 °C to 3°C . Specific
NVCA watershed rises in temperature have been predicted as follows (NVCA, 2016b) (See
Section 3.8.6 for further discussion):




2020s - 1.3°C to 1.5°C
2050s - 2.8°C to 3.0°C
2080s - 2.7°C to 4.7°C

In addition, an increase in annual levels of precipitation has been predicted in the order of
10%. Watershed-specific changes in precipitation have been predicted as follows (NVCA,
2016b):




2020s: -0.8% to 11.4%
2050s: 5.4% to 20.4%
2080s: 13.7% to 36.2%

By the end of the century, the average annual temperature in the province is projected to
rise by approximately 5 °C (Nituch and Bowman 2013). Human-caused climate change is
expected to particularly affect the hydrology of the Great Lakes; warming temperatures,
increasing evaporation, and changing precipitation and snow cover patterns are likely to
result in long-term reductions in water levels. Projected decreases in water levels could
alter the current distribution and abundance of coastal wetland communities (Mortsch et al.
2006). The synergistic effects of habitat fragmentation, habitat loss, and climate change
will also contribute significantly to the decline of biological diversity, and the potential
combined effects of these processes will almost certainly be greater than those estimated
individually (Nituch and Bowman 2013).
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3.8.2 Wetland Impacts
Wetland plants identified as SAR may be more vulnerable to hydrological changes
associated with climate change because of their low populations and consequently are at a
greater risk of extinction (Meyer et al. 2006). Rare wetland vegetation types are
exceptionally vulnerable to the hydrological impacts of climate change, especially the
dampening of extreme spring flood pulses that is anticipated as an outcome of climate
change. The impacts of changes in flood pulses may also be exacerbated by indirect
impacts. For example, meadow marshes, which germinate when water levels fall after
spring floods, are threatened by the invasion of cattails (Typha spp.) and other robust
emergent plant species that invade Great Lakes wetlands when water levels stabilize,
including highly invasive non-natives such as Giant Reed Grass (Phragmites australis) and
Rough Manna grass. These two species are found in and continue to expand across the
watershed. Some types of plants, for example aquatics, are thought to be potentially more
sensitive to falling lake levels than other plant types (Mortsch et al. 2006). This is because
as water levels fall, they may be unable to move lakeward if their spread is impeded by a
barrier beach or by stands of non-native invasives.
Wetlands in inland areas away from the Great Lakes are likely just as vulnerable or more
vulnerable to impacts of climate change, because declining water levels will likely be
exacerbated by impacts of development such as changes in water inputs because of
development, fragmentation, increase in watershed imperviousness, and increased
invasions of non-native plants.
3.8.3 Forest Impacts
Forest habitats would be affected by many of the same impacts. Edge effects are a critical
impact on biodiversity in temperate forests: for example, it is known that species that live in
the centre of the forest (forest core) reached peak abundances only at sites farther than
200 m – 400 m from sharp high-contrast forest edges. Smaller-bodied amphibians, larger
reptiles and medium-sized non-volant mammals experience a larger reduction in suitable
habitat than other forest-core species (Pfeifer et al. 2013). Edge effects would likely be
exacerbated by climate change (as edge effects are primarily associated with increases in
temperature) with increased drying of soils and declines in invertebrate fauna that birds
and amphibians use for prey. Impacts of climate change in forest habitats would also likely
be increased by invasive species. In addition, it is thought that potential impacts of climate
change on forest habitat would also likely include increased pest outbreaks and increased
stress on trees due to extreme weather events such as wind storms (Ontario Forest
Research Institute 1998). Trees of colder, moister climates may die out, while trees
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adapted to warmer temperature regimes may not be able to move north because of habitat
fragmentation, disease and invasive species (Allen et al, 2010).
3.8.4 Impacts on Breeding Amphibians and Birds
Breeding habitat for amphibians may be particularly vulnerable to climate change, and
especially to the cumulative impacts of development and climate change. Amphibians rely
on vernal pools and other water bodies with specific hydrologic regimes that are easily
shortened by temperature increases earlier in the spring. There is evidence that amphibian
species are emerging from hibernation habitat earlier. For example, Klaus and Lougheed
(2013) noted that several Ontario frog species appeared to have shifted their breeding
period significantly earlier (by 19 to 22 days). There are no data on whether this has
affected frog populations, but early emerging frogs are often noted to be affected by
periodic freezing temperatures, and their eggs may be subject to freezing. It addition, it is
not known whether vernal pools would harbour suitable foraging habitat when larvae hatch
at earlier dates.
Breeding birds are being affected by climate change in the following ways (Nature Canada
2018):







Earlier dates of egg-laying;
Shifts in migration timing;
Bird behaviour and their environment are becoming mismatched;
Changing distributions;
Disruption of ecological communities; and
Extinction risks increasing.

Environment Canada’s guidelines in “How Much Habitat is Enough” seek to build resilience
to climate change into their targets. The goal is to incorporate habitat requirements for a
diverse suite of species into the current landscape, while factors such as climate change
and invasive species continue to challenge and change ecosystems. The guidelines work
on the principle that efforts to conserve and restore the extent and integrity of natural and
surrogate habitats will increase ecosystem resilience and better allow species to adapt to
evolving conditions (Environment Canada 2013). Maintaining and enhancing the size,
diversity, configuration and connectedness of a wide variety of features will be key to
allowing species to adapt and move to suitable new areas as their habitat changes.
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3.8.5 Completed Studies
NVCA have completed the following studies and initiatives to ensure that adaption to
anticipated climate change is being considered and incorporated into land use planning, as
well as into infrastructure design and operation:





NVCA Stormwater Technical Guide, NVCA, December 2013;
Agricultural-Water Quantity Climate Change Sensitivity Assessment, NVCA
Watershed, NVCA, January 2014;
Impact Assessment of NVCA PGMN groundwater levels to anticipated long-term
climatic variation sensitivity, NVCA, May 2014; and
Climate Change Strategy and Action Plan, NVCA initiated June 2016.

3.8.5.1 Stormwater Management
With respect to stormwater management design, storm events in Ontario are anticipated to
become more severe and more powerful. From 2000 to 2005, 10 storms were experienced
in Ontario alone that exceeded the 1:100-year probability storm event. These include a
2004 storm event in Peterborough in which 240 mm of rain fell over approximately 8 hours
and caused $87 million in damage. Similarly, a 2005 storm event hit Toronto with 175 mm
of rain in less than an hour that resulted in $550 million in damage. To put this into
perspective, the Timmins Storm event (which is the regional event for the area under
NVCAs jurisdiction) is modelled with a total rainfall runoff of 193 mm over a 12-hour period
(NVCA, 2013g).
The NVCA, and organizations at all levels of government, are taking an adaptive approach
to the uncertainty of climate change. The Province of Ontario defines adaptation as “the
process societies go through in order to cope with an uncertain future” (NVCA, 2013g). The
NVCA Stormwater Technical Guide recommends that, in the future, stormwater
management might include some of the following measures to offset some of that
uncertainty:






Upsizing storm sewer designs to better handle more extreme storm events;
Low-impact development (LID) stormwater management features to allow more
water to infiltrate back into the ground;
Achieving a complete post- to pre-development water balance;
Providing more tree cover within developments to promote evapotranspiration;
Siting stormwater management facilities outside of the Regulatory Floodplain limit;
and
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Upsizing bridge and culvert capacity.

Based on the statistical information above, the NVCA (2013g) Stormwater Technical Guide
recommends that all stormwater management facilities be designed to include an increase
in precipitation. While the NVCA (2013g) does not recommend a specific increase in
design precipitation it includes the examples below:




The City of Barrie has increased intensity by 15% in their IDF curves;
The City of London has increased the intensity in their IDF curves by 21%; and
The City of Ottawa required that a “stress test” is run on stormwater infrastructure by
increasing rainfall 20% and seeing how the infrastructure responds.

3.8.5.2 Agricultural Water Quantity
A no-regrets approach focused on agricultural sensitivity related to water quantity has been
completed (NVCA, 2014a). The sensitivity analysis used the following indicators to
evaluate the impact of climate variability and longer-term climate change:





Low water occurrence;
Irrigated area;
Surface water stress assessment; and
Animal water use.

The indicators represent local drought manifestations and impacts to water quantity
including water quantity impacts to both livestock and crop production. The selected
sensitivity indicators are based on readily available data that could be used in desktop
analyses and are not deemed to be comprehensive (NVCA, 2014a). The climate change
sensitivity ranking/scoring for each of the four indicators was summarized to provide a final
dimensionless sensitivity score at the quaternary drainage class size as defined in the
MNRF (2015) User Guide for Watershed LIO Data classes. A higher score indicates a
higher sensitivity. It is noted that the sensitivity for the number of animals and animal water
demand were averaged in the final scoring, resulting in a final sensitivity score out of a
possible 12 (Table 3.8-1).
The NVCA watersheds with the largest amount of agricultural land use (Section 4.1)
scored the highest (e.g., Nottawasaga River and Innisfil Creek). Not surprisingly, this area
includes extensive irrigated potato and sod crop lands and noted historical low water
conditions. It is also noted that the Nottawasaga River subwatershed is roughly three times
the size of any of the other quaternary (MNRF, 2015) watersheds; as a result, the number
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of animals reflects land size and not necessarily a higher density of animals (NVCA,
2014a). The watersheds that lack extensive and intensive agriculture scored the lowest –
the Mad River, Blue Mountains, and Willow Creek subwatersheds. Regardless of the
score, it is apparent that all MNRF (2015) quaternary watersheds exhibit some degree of
sensitivity to climate change (NVCA, 2014a).
Table 3.8-1. Summary agricultural water quantity sensitivity analysis scoring
(NVCA, 2014b)
Low water
occurrence
Nottawasagacomplete
Blue Mountains
subwatershed
Mad River
subwatershed
Pine River
subwatershed
Boyne River
subwatershed
Willow Creek
subwatershed
Innisfil Creek
subwatershed

2

Surface water
stress
assessment
3

Irrigated Animal Final sensitivity
areas
water
score (out of 12)
demand
3
3
11

1

3

1

1

6

2

1

1

2

6

2

3

1

1

7

3

3

1

1

8

1

2

1

1

5

3

3

2

1

9

3.8.5.3 PGMN Groundwater Levels
An impact assessment of the NVCA Provincial Groundwater Monitoring Network (PGMN)
groundwater levels to anticipated long-term climatic variation sensitivity has been
completed (NVCA, 2014b). The study used existing trends in groundwater levels and used
climate change sensitivity ranking from NVCA (2014b) to determine which subwatersheds
and aquifers in the NVCA watershed would be prone to low groundwater levels. An
exposure ranking of three (see Table 3.8-2) has the greatest sensitivity to low water
conditions. An overview of the PGMN is provided in Section 3.3.2.1). In response to
anticipated long-term climate change impacts, groundwater levels in both unconfined and
confined aquifer settings are collectively susceptible (NVCA, 2014b).
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The results generated from the PGMN study on a subwatershed scale align consistently
with the low water declaration level indicator used in the agricultural-water quantity climate
change sensitivity assessment (NVCA 2014b). The exception is the Pine River
subwatershed which may be attributed to the other indicators used (NVCA 2014b).
Table 3.8-2. Comparison of the groundwater level exposure ranking (NVCA 2014b)
against the low water declaration level climate change sensitivity analysis (NVCA
2104a).
Subwatershed

Groundwater level
exposure ranking

Innisfil Creek
Pine River
Willow Creek
Lower Nott. River
Middle Nott. River
Upper Nott. River

3
1
2
2
2
1

Low Water Declaration
Level –Climate change
sensitivity ranking
3
2
1
2
2
2

The Innisfil Creek subwatershed has the highest current impact related to high agricultural
sensitivity (NVCA, 2014a) and the results generated from the PMGN sensitivity analysis
(NVCA, 2014b).
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3.8.6 Climate Change Strategy and Action Plan
On June 24, 2016, the Nottawasaga Valley Conservation Authority’s Board of Directors
approved the development of a NVCA Climate Change Strategy and Action Plan based
on the “Local Governments for Sustainability” (ICLEI) framework.
NVCA committed to the following strategy framework, as presented in Changing Climate,
Changing Communities: Guide and Workbook for Municipal Climate Adaptation, 2014, by
ICLEI Canada.







Milestone 1: Initiate;
Milestone 2: Research;
Milestone 3: Plan;
Milestone 4: Implement; and
Milestone 5: Monitoring and Review.

The first three milestones have been completed and progress is being made against
milestone 4 as described below.
3.8.6.1 Milestone 1 Initiating the Strategy
Through the Milestone 1 initiation phase of the NVCA Climate Change Strategy and Action
Plan an overarching NVCA Climate Change Vision was identified. The climate change
vision is consistent with NVCA principles including their: vision, mission, and strategic
goals and objectives:
NVCA’s Climate Change Strategy and Action Plan will support global, federal and
provincial goals by focusing on our watershed to support climate change adaption
and mitigation.
NVCA identified several internal teams and climate change champions that played critical
roles in the development of the Climate Change Strategy and Action Plan as well as an
active stakeholder advisory group. The NVCA Board of Directors approved the following
guiding charter:
“Scientific evidence shows climate change is happening now. This consensus that
greenhouse gas emissions are seriously affecting Earth’s climate and that climate
change is having increasing negative global impacts, effects the NVCA watershed’s
environment and economy.
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The NVCA agrees that we need to take responsibility at the local, watershed level
and act to address both climate change adaptation and mitigation. We need to
prepare for climate change impacts in ways that promote environmental integrity,
economic prosperity, and health benefits for all.
It is important for individuals and organizations to share ideas and best practices
and coordinate efforts to accomplish these goals as effectively as possible. NVCA
agrees that we need to be part of this coordination and conversation.”

As noted in the ICLEI framework, Milestone 1 required an initial review of climate change
impacts. As an initial effort to assess the applicability of global climate change
observations to the NVCA watershed, temperature and precipitation data extending as far
back as 1866 were examined from three weather stations in the NVCA watershed: Barrie
(1866-1985), Barrie Water Pollution Control Centre (1977-2006), and Midhurst (19471996). Data from each of these sources included a continuous monthly dataset from 1965
to 2006. Based on the analyses it was determined that if current trends continue then:





Average monthly temperatures in 2065 will be 4.71°C warmer than in 1965;
Extreme maximum monthly temperatures will rise 2.53°C to an average of 33.05°C;
Extreme minimum monthly temperatures will rise 14.21°C to an average of 18.04°C; and
Total annual precipitation will climb from 921.3 mm per year to 952.7 mm per year
(a 3.4% increase).

3.8.6.2 Milestone 2 Research
The intention of the Milestone 2 Research phase was to provide a more detailed analysis
of climatic changes projected to occur in the NVCA watershed from present until the turn of
the century. Projected temperature and precipitation changes were emphasized, while
attention was also provided to increasing stream temperatures, and extreme rainfall
intensity, duration and frequency (NVCA, 2016b).
The Intergovernmental Panel on Climate Change (IPCC) was jointly established by the
World Meteorological Organization (WMO) and the United Nations Environment
Programme (UNEP) to assess the scientific, technical and socio-economic information
relevant for understanding the risk of human-induced climate change. Since its inception,
the IPCC has produced a series of comprehensive Assessment Reports on the state of
understanding of causes of climate change, its potential impacts and options for response
strategies (IPCC 2000). The NVCA Climate Change Strategy and Action Plan utilized
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climate projection data from IPCC Assessment Reports 4 and 5 (AR4 and AR5) as
described below.
Future greenhouse gas (GHG) emissions are the product of very complex dynamic
systems, determined by driving forces such as demographic development, socio-economic
development, and technological change. Their future evolution is highly uncertain.
Scenarios are alternative images of how the future might unfold and are an appropriate tool
with which to analyse how driving forces may influence future emission outcomes and to
assess the associated uncertainties. They assist in climate change analysis, including
climate modeling and the assessment of impacts, adaptation, and mitigation. The
possibility that any single emissions path will occur as described in the scenarios is highly
uncertain (IPCC 2000). The NVCA Climate Change Strategy and Action Plan has
presented results from various scenarios as described below.
The NVCA, December 2016 Milestone 2 report provided an overview of the immense
number of ways that the climate of the area under its jurisdiction is anticipated to change in
the coming years. Over the course of the next century, temperatures are projected to
increase between 2.7 to 4.7°C (see Table 3.8-3), and annual precipitation is projected to
increase between 71 and 128 mm (7.1 to 12.8%) (see Table 3.8-4). The increase in annual
precipitation will likely occur primarily in the spring and winter seasons; summers are
expected to become drier. Stream temperatures can be expected to increase between 1.6
and 4.7°C although this response will not be uniform; it will vary significantly from stream to
stream (see Table 3.8-5).
Temperature
Table 3.8-3. Seasonal and annual change in temperature based on AR4 emissions
scenarios A1B, A2 and B1 for the Nottawasaga Valley watershed (°C) (NVCA, 2016b)

Emissions
Scenario
Spring
Summer
Autumn
Winter
Annual

2020s
A1B A2
1.5
1.4
1.3
1.7
1.5

Ecosystem Recovery Inc.

1.6
1.5
1.3
1.6
1.5

B1

2050s
A1B A2

1.2
1.3
1.3
1.3
1.3

2.9
2.9
2.6
3.1
2.8

3.0
2.9
2.8
3.3
3.0

Project 1808

B1

2080s
A1B A2

B1

2.2
2.1
2.0
2.3
2.2

3.7
3.7
3.4
3.9
3.7

2.7
2.6
2.5
2.9
2.7

4.7
4.8
4.6
4.8
4.7
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Precipitation
Table 3.8-4. Seasonal and annual change in precipitation based on AR4 emissions
scenarios A1B, A2 and B1 for the Nottawasaga Valley watershed (% change) (NVCA
2016b)
2020s
Season Baseline A1B A2
Spring
274 mm 3.1
5.0
Summer 243 mm (3.2) (2.9)
Autumn 237 mm 2.0
1.2
Winter
243 mm 5.6
9.3
Annual
997 mm 1.9
3.2

B1
5.1
(2.8)
3.2
4.1
2.5

2050s
A1B
11.1
(2.9)
4.1
13.4
6.6

A2
13.6
(6.3)
8.2
17.6
8.4

B1
9.7
(3.0)
3.0
10.4
5.2

2080s
A1B
17.9
(5.2)
7.0
21.2
10.5

A2
22.3
(5.2)
4.9
27.9
12.8

B1
13.1
(4.4)
4.8
14.1
7.1

Stream Temperature Change
In addition to changes in air temperature, stream temperatures will also be impacted by
climate change. Changes in stream temperature can have many environmental,
recreational and water quality impacts. The table below shows the anticipated increase in
stream temperature over time, based on air temperature increases projected by AR4
climate models.
Table 3.8-5. Estimated stream temperature change in response to a warming
climate, based on AR4 projections. (°C) (NVCA 2016b)
Stream Temperature (0C)
2020s
A1B
A2
B1
0.9–1.5 0.9–1.5 0.8–1.3

2050s
A1B
1.-2.8

A2
1.8–3.0

B1
1.3–
2.2

2080s
A1B
2.2–
3.7

A2
2.8–
4.7

B1
1.6–
2.7

Extreme Rainfall
The intensity, duration, and frequency of rain events are projected, “with an associated
increased risk of flooding” (Warren & Lemmen, 2014). This is of particular concern to
NVCA as this increases the risk of loss of life and property due to storm-related flooding
and erosion. The Facility for Intelligent Decision Support (FIDS) based out of the University
of Western Ontario has assembled a web-based tool to develop Intensity-DurationFrequency curves corresponding to precipitation changes projected in AR5 climate models.
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The IDF curves show a consistent trend toward higher intensity (mm/h) for the various
durations and return frequency storms.
Other Climatic Change Metrics
There are numerous other metrics to account for the climatic changes that are projected in
the NVCA watershed. The other metrics that may indicate significant outcomes or impacts
on the environment and residents of the watershed that have been evaluated include:









Daily Extreme Air Temp Range (0C);
Mean Max Air Temp (0C);
Mean Min Air Temp (0C);
Mean Min Air Temp Winter (0C);
Days of Frost (Days);
Max Consecutive Dry Days (Days);
Growing Season (Days); and
Max Heat Wave (Consecutive Days).

Vulnerability Assessment
In order to identify the degree of impact of climate change to NVCA program areas, NVCA
(2016b) has completed a vulnerability assessment. The first step in the vulnerability
assessment was to confirm key NVCA program areas affected by climate change. Step
two involved the identification of future weather and climate features, based on literature
review and local climate projections, and their high level impacts on NVCA programs. The
last step and end result is the vulnerability assessment, where High, Medium and Low
scores were assigned to NVCA program areas, based on their determined sensitivity to
climate change and its adaptive capacity.
Impacts to program areas with the greatest sensitivity to climate change and least adaptive
capacity resulted in vulnerability scores of V4 (medium high vulnerability) and V5 (high
vulnerability). The V4 and V5 impacts are listed below:







Change in a watercourse flow and hydrological regime;
Increased risk of winter flooding;
Increased risk of flash flooding;
Increased erosion;
Increased risk of drought/low water conditions;
Decreased summer/fall water levels (lakes and watercourses);
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Increased competitive demand for water;
Decrease in groundwater levels;
Change in species range both flora and fauna;
Increase in invasive/exotic species presence;
Increase in insects and disease outbreaks;
Change in ice cover regime;
Change in fish community composition (toward warm-water community); and
Negative impact to the forest because of violent weather.

3.8.6.3 Milestone 3 – Responding to Climate Change
Based on two stakeholder meetings and internal NVCA staff meetings, a series of
strategies and actions have been identified for climate change adaption and mitigation
within the NVCA watershed (NVCA, 2017d). The strategies and actions have been given a
priority (low, medium or high priority) and an indication of estimated cost, duration and
frequency. A total of 76 action items have been identified; this includes 41 action items that
have been categorized as high priority.
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4 Community Services and Social Interests
4.1

Land Use

Existing land use and cover for the NVCA watershed has been characterized based on
2008 data (Figure 4.1-1) and is dominated by agriculture (i.e., approximately 47% of the
land area). Agricultural lands primarily include row crops (approximately 60% of total
agricultural lands) and hay or pasture farming (approximately 40% of total agricultural
lands).
Urban land use continues to grow within the watershed and is concentrated in Barrie,
Shelburne, Wasaga Beach, and Collingwood. Urban land use represents less than 5% of
the NVCA watershed area; only 40% of urban lands are classified as ‘impervious’ (NVCA,
2008).
Compared to other areas of southern Ontario, the NVCA watershed is characterized by a
large proportion of natural areas (i.e., nearly 35% of the total area). As noted in Table
4.1-1 forest covers nearly 20% of the NVCA watershed and wetland features, including the
Minesing Wetlands which are a significant habitat feature, with implications for
groundwater discharge and recharge, cover 12% of the NVCA watershed,
Aggregate resources constitute the major raw material used in the road building and
constructions industries. Currently (2015) in the NVCA watershed, there are 79 active
licensed aggregate operations: 11 class B (<20,000 tonnes annually) & 59 class A
(>20,000 tonnes annually) licenses. Nine (9) of the active operations have no recorded
annual tonnage limits. The total land area covered by quarries/ pits related to aggregate
extraction within the NVCA watershed is 21.8 km 2 (NVCA, 2015). Table 4.1-1 summarizes
the spatial extent (km2) and percentage (%) of the NVCA jurisdiction for each general land
use type.
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Table 4.1-1. NVCA land use

Beaches
Forest
Golf Course
Agricultural
Wetland
Quarry
Road
Transitional
Urban
Water

Area km2 (2007)
0.51
822.32
20.63
1674.09
431.18
14.69
95.73
325.63
154.84
30.58

Ecosystem Recovery Inc.

% of NVCA Jurisdiction (2008)
0.01
23.03
0.58
46.89
12.08
0.41
2.68
9.12
4.34
0.86
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Drinking Water

Drinking water systems in Ontario are classified under O.Reg 170/03 (Drinking Water
Systems) made under the Safe Drinking Water Act, 2002. The Safe Drinking Water Act
(SDWA), helps to protect drinking water through regulating the operation of drinking water
systems and the testing of drinking water. The systems that are covered under O.Reg.
170/03 of the SDWA include includes the combinations of large or small systems,
residential or non-residential systems, and seasonal or year-round systems. This includes
municipal and private water systems that provide drinking water to residential
developments and designated facilities that supply water to ‘vulnerable populations’
(elderly, children). These facilities consist of schools (both public and private), universities,
colleges or institutions that grant degrees, health and social care facilities, children’s
camps, and child and youth care facilities.
The Clean Water Act (CWA), 2006, differs from the SDWA, in that it focuses on protecting
drinking water at the source rather than the treatment system. Further, the CWA focuses
only on large and small municipal residential drinking water systems, whereas the SDWA
also focuses on municipal non-residential and non-municipal year round residential
systems. Other drinking water systems are regulated under the Safe Drinking Water Act
and the Health Protection and Promotion Act (HPPA), 1990.
Within the NVCA watershed there are 34 drinking water systems, serviced by 103
municipal wells and one (1) surface water intake at Collingwood. Figure 4.2-1 and Figure
4.2-2 copied from the Nottawasaga Valley Source Protection Area Approved Assessment
Report (NVCA, 2015b), illustrate the drinking water system intakes, supply wells,
monitoring wells, and both non-residential and non-municipal drinking water systems that
occur within the NVCA watershed.
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Figure 4.2-1. Drinking water system – intakes, supply wells, and monitoring wells
(NVCA, 2015b)
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Figure 4.2-2. Drinking Water System (Non-residential and Non-municipal) (NVCA,
2015b)
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Natural Hazards

Natural hazards are features of the landscape and physical environmental processes that have
the potential to impact public safety and infrastructure. The Nottawasaga Valley Conservation
Authority (NVCA) is mandated through the Conservation Authority Act to regulate lands that are
potentially subject to five types of natural hazards:






Flooding;
Shoreline;
Erosion;
Unstable Soils; and
Unstable Bedrock (Karst).

The purpose of this section is to characterize the existing status of natural hazards mapping
and management strategies within the watershed. The status of mapping will be described on
a subwatershed basis to identify the nature of, and the assumptions contained in, development
of the mapping. The location of identified damage centres and at risk lands will be discussed
with respect to the adequacy of mapping and management strategies.
The NVCA Strategic Plan (2014 - 2018) has identified flooding and erosion as recurring
problems in areas of the NVCA watershed. Over $1 billion in property, and more than 33,000
people, are at risk. The NVCA report indicates that, in some flood-prone areas, naturally flat
topography and the confluence of several river systems is the issue. In other areas, rapid
urban growth has resulted in an increase in the amount of surfaces that cannot absorb water.
A reduction in forest cover and wetland area have altered the drainage patterns and reduced
the ability of the watershed to absorb excess precipitation.
4.3.1 Flooding
4.3.1.1 Floodplain Mapping
As outlined in NVCA’s (2013h) Natural Hazards Technical Guide, the NVCA has released
“generic” floodplain mapping for the entire watershed. This mapping is used to identify areas
that are potentially impacted by floodplain inundation.
The “generic” mapping is based on HEC-RAS computer modelling (Section 3.4.2.1)
undertaken for the entire NVCA watershed on watercourses with drainage areas larger than 50
hectares. These “generic” hydraulic models are derived from aerial topographic information
and include a number of conservative model assumptions due to their broad scale.
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Flood hazard mapping of various age and detail exists for the entire NVCA watershed and
serves as a valuable piece of information in understanding the extent of flooding for specific
events. Flood hazard maps alone do not provide the information required to fully understand
flood risk. That is, flood hazard is a description of the threat of a flood at a given location while
flood risk describes the potential for loss associated with the flood.
The NVCA has completed flood risk assessments for Alliston, Collingwood, Creemore,
Elmvale, Stayner and Shelburne and has completed a preliminary flood risk assessment for
Wasaga Beach (i.e., this will be updated by NVCA once updated floodplain mapping is
available). The NVCA has begun a second flood risk assessment study for the areas in Mono,
Adjala and New Tecumseth which were impacted by flooding on June 23, 2017.
Flood risk mapping for does not yet appear to have been generated by the NVCA for all areas
subject to flood risk.
Flood risk is a combination of the likelihood of occurrence of a given flood event, and the
potential consequences of that event when it occurs. A flood that occurs frequently but has
little or no potential to affect human life and property presents a low flood risk. For example,
similar flood hazards can exist for comparable watersheds located in a rural agricultural area
and in a densely populated city, but with a vastly different levels of flood risk. An
understanding of the impact on the built environment due to a flood or a range of floods is the
key outcome of a flood risk assessment. Completion of flood risk assessments could inform
mitigation strategies for flood damage reduction and climate change adaption.
The location of flood damage centres are identified in NVCAs GIS database and is used for
flood forecasting purposes and to provide information to flood patrols during a flood event.
The findings of the above flood risk assessments do not appear to have been incorporated into
integrated watershed GIS mapping. Though other areas could be analyzed as part of the risk
assessment program, the areas listed above are considered to be of key significance.
Flood hazard assessments may be requested for development applications where a sitespecific study does not already exist and/or where the site-specific study is not valid with
respect to the proposed development and which is determined to be at risk for flooding based
on NVCA regulation mapping. Site specific studies may also be completed in areas where
there is potential for risk to public safety or of flood damages to existing infrastructure. The site
specific studies result in the production of more accurate “engineered” floodplain mapping.
“Engineered” floodplain mapping allows NVCA and partner municipalities to more accurately
manage the flood risk and appropriately restrict new development. An important adaption to
climate change is ensuring that trends and projections for rainfall intensity, duration and
distribution are captured appropriately in hydrologic modelling studies and estimations of peak
flows. The NVCA currently recommends that the online MTO IDF Curve Lookup Tool (available
at http://www.mto.gov.on.ca/IDF_Curves/map_acquisition.html) be used in stormwater design
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and floodplain mapping. Given that the projections of climate change for the NVCA watershed
are relatively recent, it is unclear as to the extent that climate change has already been
incorporated into the current floodplain mapping.
4.3.1.2 Dams
The NVCA is the custodian of five dams and, as such, is responsible for their operation and
maintenance. Table 4.3-1 provides a summary of these dams and Figure 4.3-1 indicates their
location.
As required by the DRAFT Ontario Dam Safety Guidelines (MNR 1999), and the document
Dam Safety Reviews – Best Management Practices (MNRF August 2011), NVCA has
determined the Hazard Potential Classifications (HPC) for each dam (Table 4.3-1). Dams with
‘High’ and ‘Significant’ hazard potential require more detailed ‘Dam Safety Reviews’ (DSR) to
be completed and updates to be undertaken on a regular basis. It is critical that the dams are
inspected in accordance with their operation and maintenance manuals and that identified
maintenance activities are completed. The two smaller Tiffin dams, situated in Tiffin
Conservation Area, have not been subject to a DSR yet; NVCA intends to begin regular
inspections of these dams.
Table 4.3-1. NVCA Owned and Operated Dams
Dam
New Lowell
Dam

Watercourse /
Subwatershed
Coates Creek / Mad River

Tottenham
Dam
Utopia Dam

Beeton Creek / Innisfil Creek

Tiffin Dams
(2)

Bear Creek

Middle Nottawasaga River

Ecosystem Recovery Inc.

Purpose
Flood control,
firefighting,
irrigation, recreation
flood control
Flood control,
recreation
Flood control,
firefighting,
irrigation, recreation
flood control
Recreation;
firefighting

Project 1808

Hazard Potential
Classification
High

Low
Low

Unknown – NVCA
plans to begin regular
inspections of these
dams
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Dams with reservoir storage are not limited to those owned and operated by NVCA, there are
many private dams in existence in the NVCA watershed. The NVCA Fisheries Habitat
Management Plan, makes reference to dams and other barriers to fish migration. However, the
number, location, and status of privately owned and operated dams within the NVCA
watershed does not appear to be well documented.
The impact of the dams on flooding, fish passage and stream temperatures is relatively
unknown. Further study to determine the impact of privately owned dams is recommended.
An important adaption to climate change is the effect of inherent and unaccounted-for storage
in the development of floodplain mapping. The potential for the NVCA owned and operated
dams to be considered as Regulatory Structures that provide flood control storage could be
further investigated. Understanding the impact of this storage on a range of flows up to and
including the Regulatory flow could assist in quantifying the systems resiliency against
changing rainfall patterns.
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4.3.1.3 Dykes
Dykes have been constructed on Black Ash Creek and Pretty River to contain flood flows and
protect existing development either side of the water courses.
The Pretty River Dyke system extends approximately 2 km from the mouth of the river at
Georgian Bay to just downstream of an existing farm crossing near Peel Street. The dyke was
constructed to provide flood control for the Collingwood area.
The Black Ash Creek dykes system is comprised of a combined 3.5 km of the Main and South
Branches of Black Ash Creek. It has been developed as a means of protecting the Town of
Collingwood from extensive shallow flooding.
Inspection of the dykes and channel works have been completed by NVCA, and maintenance
activities recommended. It has also been recommended by NVCA that The Town of
Collingwood and/or the NVCA should inspect the structure every 2 years for in-stream and
bank erosion and for structural stability.
4.3.1.4 Flood Contingency Plan
While flood risk prevention and mitigation are the ultimate goal to protect public safety and
property, in those areas where this is not entirely possible, an effective and properly executed
Flood Contingency Plan, can greatly reduce residual risk to public safety and property during a
flood event.
The responsibility for dealing with flood contingency planning in Ontario is shared by
municipalities, Conservation Authorities (CAs), and the Ministry of Natural Resources and
Forestry (MNRF), on behalf of the province. NVCA has developed a Flood Contingency Plan
(NVCA, 2017a) that outlines the roles and responsibilities of the municipality and each
regulatory agency. The Flood Contingency Plan (NVCA, 2017) outlines the following
responsibility of Conservation Authorities as follows:





Monitor watershed and weather conditions and operate a flood forecasting system in
order to provide warning of anticipated or actual flood conditions.
Issue Watershed Conditions statements, Flood Watch and Flood Warning bulletins to
municipalities and other agencies to advise of potential flooding
Operate conservation authority dams and flood control structures to reduce the effects
of flooding
Provide advice to municipalities in preventing or reducing the effects of flooding
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Maintain communications with municipalities and the Surface Water Monitoring Centre
of the MNRF during a flood.

NVCA supports municipalities in implementing their Emergency Plans, primarily in an advisory
capacity, by disseminating Flood Warning Bulletins that communicate:







Watershed Conditions;
o Flood outlook
o Water safety
Flood Watch;
Flood Warning;
Lake Ontario and Georgian Bay Shoreline Hazard Warning; and
Coordinating Issuance of Flood Bulletins.

In addition to providing flood forecasting and warning information, NVCA also operates a Flood
Patrol that inspects known flood damage sites, measures flood levels and documents
significant flood events through photographs and regular observations (NVCA, 2017b). The
Flood Patrol is activated at the discretion of the Flood Warning Coordinator at NVCA.
The NVCA flood forecasting system relies on a network of stream and rain gauges that NVCA
operates and which is supplemented by provincial monitoring data. Through investment into
the WISKI data management systems by both the Province and Conservation Authorities such
as NVCA, opportunities for data sharing, in real time, is possible. This las led to improved data
products, model inputs and sharing tools and approaches. Given the redundancy in flood
forecasting gauge data access for those gauges owned and operated by NVCA, NVCA no
longer relies on the WISKI data management system, and instead has focused its efforts on
maintaining near real-time water level monitoring gauges; these gauges are accessible to
Flood Duty staff. NVCA has plans to improve its gauge network reliability.
4.3.1.5 Stormwater Management
Changes in land use have a significant impact on the natural hydrological cycle, typically
resulting in greater volumes of rainfall that run-off at an increased rate. Stormwater
management is the practice of controlling this runoff to prevent downstream erosion, flooding,
and water quality degradation, and to assist in maintaining groundwater recharge where
relevant. Additional details on stormwater management are provided in Section 4.4.
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Consideration of the cumulative impacts of stormwater management at a watershed and
subwatershed scale, and the potential to mitigate flooding does not appear to have been
undertaken by the NVCA. While the attenuation provided by stormwater management facilities
is not typically accounted for in the generation of regulatory flood lines, it does provide inherent
climate change resiliency. It is recommended that any update to the watershed and
subwatershed hydrology models reflect this climate change resiliency.
4.3.1.6 Flood Resiliency
Some subwatersheds have not been the subject of a subwatershed study, some subwatershed
studies are greater than 30 years old, and some have been recently or are currently being
updated. As subwatershed studies and flood risk studies are generated and updated, best
practice hydrologic and hydraulic modelling for flood risk assessments and flood line mapping,
including model validation and verification is required.
The completed draft Wasaga Beach Floodplain Mapping and Watershed Hydrology report
(Ahydtech Geomorphic March 2018) identified a significant difference in peak flows from the
“calibrated” hydrologic model and those observed at a Water Survey Canada gauge
downstream of the Minesing wetland. The draft Wasaga Beach report also identifies the need
to develop an accurate rating curve to further calibrate the downstream stations of the
Minesing wetlands.
Validated and verified modelling must consider:




Existing climate influences that can be updated to reflect predicted future climate
change.
Existing land use patterns that can be updated to reflect planned future land use
patterns.
Capture the attenuation provided by: stormwater management facilities, flood control
structures, and natural wetland features. The TRCA are currently undertaking the Lower
Don River Hydrology Update that incorporates stormwater management facilities. This
attenuation will be removed for the generation of flood lines consistent with provincial
policy (MNR 2002).

For the purpose of understanding watershed flood resiliency and not necessarily flood plain
mapping it is of value to quantify the flow attenuation (regulatory and more frequent events)
and the subsequent flood and erosion risk mitigation benefit provided by these individual
features (stormwater management facilities, flood control structures, and natural wetland
features).
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This aligns with the TRCA (June 2016) guidance on potential approaches to address increases
in Regulatory flood risk as a result of ongoing and proposed urban development. TRCA (June
2016) states that, Historically the impact of urbanization on Regulatory flows were not
considered since most analytical methods of the time indicated that the impact on Regulatory
flows was negligible. However, current science and practice has found these assumptions to
be no longer valid at a watershed and subwatershed scale resulting in the need to develop
new and supportable approaches to address flood risk, both in practice and at a policy level.
4.3.2 Shoreline
Shoreline hazards include hazards due to flooding, erosion and dynamic beaches. These are
defined in the MNRF (2001b) Great Lakes St. Lawrence River System and Large Inland Lakes
– Technical Guides. The NVCA (2013h) Natural Hazards Guide limits the delineation of
shoreline hazards to development that is adjacent to the Georgian Bay Shoreline and part of
the adjoining channel of the Nottawasaga River.
4.3.2.1 Shoreline Flood and Erosion Hazards
Shoreline flood proofing associated with Georgian Bay is the 100-year monthly mean lake level
plus the 100-year storm surge plus an allowance for wave action. The 100-year monthly mean
lake level plus the 100-year storm surge together have an elevation of 178.0 metres within the
jurisdiction of the NVCA. The allowance for wave action is taken as 15 metres or to a wave
uprush elevation as determined by a qualified professional.
A determination of the appropriate setback related to the shoreline erosion hazard should be
included in all coastal engineering reports.
4.3.2.2 Dynamic Beach
Dynamic beach is defined in MNR (2001b) as a term used to emphasize, and describe, beach
profiles that “undergo changes on a broad range of time scales, from hours or days to years
and decades, in response to changing wave, wind and water level conditions and to changes
in the rate of sediment supply to a particular section of shoreline.”
For the portion of shoreline that is under NVCA jurisdiction that the above definition applies to
more than eighty per cent of the Wasaga Beach Shoreline (i.e., extending from the eastern
Town limit to 74th Street North) (Shoreplan, 2017b). MNR (2001b) states that Wasaga Beach,
at the head of Nottawasaga Bay, is one of the largest headland-bay beaches on the Great
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Lakes. The portion of shoreline that is within the Town of Collingwood limits has not been
identified as a dynamic beach hazard (Shoreplan, 2017a).
4.3.2.3 Shoreline Hazard Mapping
NVCA has updated their natural hazard mapping for the Georgian Bay shoreline of the Towns
of Wasaga Beach and Collingwood. The update was completed by Shoreplan in March 2017
based on studies that delineated the shoreline flooding hazard and the dynamic beach hazard.
Wave conditions along the shoreline were determined by Shoreplan (2017cd) using the CMSWave numerical model developed by the U.S. Army Corps of Engineers (Lin et al, 2008).
CMS-Wave is a two dimensional spectral wave model with energy dissipation and diffraction
terms. The CMS 2D model results were supplemented with 1D wave uprush calculations on
composite slopes (Shoreplan,2017). The wave uprush limit is determined from the greatest
landward incursion of the different uprush solutions. More than 90% of the calculated wave
uprush allowance along the dynamic beach shoreline was found to be less than the 15m
default allowance currently considered by NVCA (Shoreplan, 2017cd).
The dynamic beach hazard limit was defined as either a 30m default setback from the
shoreline flood hazard limit, or as a practical limit caused by a natural or anthropogenic
obstruction that limited the dynamic beach profile adjustments. The anthropogenic obstructions
included shoreline protection structures, buildings with solid foundations, roads, parking lots,
and solid fences located landward of substantial dunes (Shoreplan, 2017cd).
Three hazard limits have been generated by Shoreplan (2017cd):




The flood hazard limit;
The 30m setback from the flood hazard limit; and
The dynamic beach hazard limit.

Comparing the latter two of these GIS shape files will show where practical limits to the
dynamic beach allowance were assumed.
The hazard limits developed during the Shoreplan (2017) study represents a significant
improvement to the previous hazard limit mapping used by NVCA; regardless, the updated
hazard limits still should be used as a planning tool and notes an absolute limit of where those
hazards can, or cannot, occur. The final extent of the dynamic beach process is to be
determined by the calculation of the cumulative impact of the shoreline flooding hazard, the
average annual recession rate, and a dynamic beach allowance based on a site-specific study
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using accepted scientific and engineering principles by a qualified professional (Shoreplan
2017).
4.3.3 Erosion
Erosion is a natural and continuous process which includes soil creation and displacement.
The degree of erosion present within a landscape is dependent on the physiography
characteristics, including geology and soils, surface slopes, and vegetative cover. Although
erosion is a natural process within the landscape, human-related activities can cause
accelerated erosion. This often occurs in response to hydrological changes resulting from
altered land use (e.g., urbanization) and inadequate stormwater management; it is important to
note that erosion does not only occur during high flood events, but also occurs during frequent
smaller events. Within the NVCA, the presence of livestock damage and land use practices
are of particular interest when considering influences of human activity on the erosional
characteristics of the landscape (NVCA, 1996). Future changes in surface water runoff
patterns due to climate change and urban growth have the potential to exacerbate instream
erosion.
The Natural Hazards Technical Guide (NVCA, 2013h) provides procedures for erosion hazard
identification and delineation. The following sections highlight key components, issues and
recommendations associated with the erosion hazards in the NVCA jurisdiction. The NVCA
Natural Hazards Technical Guide (2013h) states that, “the information available within the
NVCA watershed […] has an accuracy of +/- 1 meter both vertically and horizontally, which
could lead to erroneous determinations.” NVCA is currently (2018) undertaking updates to the
Erosion Hazard Regulation Mapping, to improve its accuracy.
4.3.3.1 Regulated Slope Valleys
Regulated slope valleys located in the NVCA watershed have been delineated to provide a
high-level indication of areas with potential slope instability Figure 4.3-2 demonstrates the
regulated slope valleys within the NVCA watershed; these are associated with confined fluvial
systems and other areas of potential slope instability. Review of the figure shows that unstable
slopes occur primarily in the western portion of the NVCA watershed and coincides with the
Niagara Escarpment and Moraines.
4.3.3.2 Meander Belt Width
A meander belt is defined as the space a watercourse occupies or can occupy within its
floodplain. A high-level meander belt delineation has been completed for the entire NVCA
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watershed, using the MNR Technical Guide method of calculating an allowance based on the
bankfull width of a watercourse (Figure 4.3-2). Meander belt delineation is relevant for
unconfined fluvial systems; unconfined river systems have been defined by MNR (2002) as a
system in which, “a river or stream is present but there is no discernible valley slope that can
be detected from the surrounding landscape.” That is, a watercourse is able to freely migrate
across its floodplain.
4.3.3.3 Toe Erosion Allowance
Apparent or confined fluvial systems are those where discernible valley slopes are present
around a watercourse. For such systems, the erosion hazard is addressed using a toe erosion
allowance, which is an estimation of the distance the toe of a slope would move due to erosion
caused by a watercourse, over the next 100 years (NVCA, 2013h). NVCA determined that the
maximum toe erosion allowance of 15 m (which is stated in the MNR Erosion Hazard Limit
Technical Guide) is not sufficient for NVCA systems, and pre-consultation with NVCA staff is
necessary to determine a toe erosion allowance on a site by site basis. Moreover, quantifying
erosion rates in systems experiencing changes in sediment and hydrologic regimes (e.g., land
use change, climate change) becomes more challenging for accurate hazard delineation, and
should be considered.
4.3.3.4 Erosion Access
As stated in the Natural Hazards Technical Guide (NVCA, 2013h), a minimum erosion access
allowance of 6 metres is required at the top of the bank; top of bank is defined by the stable
slope line and slope toe erosion allowances. It is also recommended that there be a 6m access
between a municipal road and the top-of-bank access allowance for construction equipment. A
watershed-scale approach to delineating erosion access has not been completed for NVCA
jurisdiction.
4.3.4 Unstable Soils
Unstable soils include sensitive marine clays (e.g. Leda clays) and organic soils (MNR, 2001).
When unstable soils are identified in an area, then the results of site specific studies for the
basis for applying MNR (2001) criteria to delineate the unstable soil hazard areas as a basis
for defining the Regulation Limit.
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Marine Clays
Sensitive marine clays are those that were deposited during the last glacial period in the
Champlain Sea. When these clays are undisturbed, then they can appear as solid and stable
but when they are disturbed by excessive vibration or shock, or when they become saturated
with water, then the clays can liquify (MNR, 2001). The triggers that can cause a disturbance
can be in response to natural occurrences (e.g., earthquake, thunder, heavy rainfall etc.) or
due to human activity (e.g., blasting, heavy traffic). The resulting failures or earthflows can be
sudden and catastrophic. MNR (2001) suggests that planning authorities should be mindful of
sensitive marine clays regardless of their location (i.e., not just along watercourses). Therefore,
although soil mapping from LIO (2017) does not indicate that there are Leda or other sensitive
marine clays in the NVCA watershed, the soil conditions should be reviewed for all
development applications through site specific studies
Organic Soils
Organic soils and peat are formed by the decomposition of vegetative and organic materials
into humus, a process known as humification (MNR, 2001). The process of humification
releases humic acid into the ground water systems, creating a methane gas which is highly
explosive (MNR, 2001). MNR (2001) indicates that a soil is considered to be organic when the
percentage of soil weight loss, when heated, is 5 to 80 per cent (MNR, 2001). This criterion
results in a wide range of soils being classified as organic. The most common type of organic
soil is peat which typically lacks structure, erodes easily and compresses. Local deposits of
peat exist along the western boundary of the NVCA watershed, with some scattered along the
eastern boundary (Figure 3.2-1). The largest deposit of peat within NVCA jurisdiction is found
within the Minesing Wetland area within the Simcoe Lowlands (Chapman & Putnam, 2007).
4.3.5 Unstable Bedrock (Karst)
Unstable bedrock includes but is not necessarily limited to areas identified as karst formations.
Karst formations may be present in limestone or dolomite bedrock, and are extremely variable
in nature. Air photo interpretation of surface features such as sink holes may provide an
indication of karst formations (Ministry of Natural Resources and Conservation Ontario, 2005).
Based on mapping completed by the OGS, there are locations of known, and potential areas,
of karst formations have been identified by the OGS. Local, site-specific studies are required
to identify karst formations.
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Stormwater Management

4.4.1 Introduction
Stormwater is defined in the NVCA Stormwater Technical Guide as, “rainfall and snowmelt that
seeps into the ground or runs off the land into storm sewers, stream and lakes” (NVCA 2013g).
Stormwater management is the practice of controlling runoff to prevent downstream erosion,
flooding and water quality degradation as well as assisting in maintaining groundwater
recharge where relevant. It is a vital component to maintaining watershed health in a
developing watershed. Stormwater management can also help to off-set adverse climate
change effects.
Stormwater management is not the sole responsibility of any one organization, but must be
considered by several planning agencies and, as such NVCA works with municipal partners to
ensure that all development applications prepare a consistent plan for managing urban runoff
to ensure that the impacts of development are minimized and that watershed health is not
jeopardized.
4.4.2 Design Guidelines
The following design guidelines are relevant to the development of stormwater management
strategies within the NVCA watershed.
Stormwater Management Planning and Design Manual (MOE, 2003)
The Ministry of the Environment and Climate Change (MOECC) has published a Stormwater
Management Planning and Design Manual (SWMPDM) (MOE, 2003) that provides minimum
design standards. These standards are used by municipalities, practitioners and conservation
authorities in the preparation of stormwater management design.
Stormwater Technical Guidelines (NVCA, 2013g)
NVCA has its own watershed-specific Stormwater Technical Guidelines similar to other
conservation authorities and partner municipalities (2013g). The document draws on
mandates from the Conservation Authorities Act (1946) and the Provincial Policy Statement
(2005) to guide the scope of technical guidelines provided in the document.
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The purpose of the guidelines is to provide technical support for applications and technical
development studies, and to provide overall engineering guidance to complement the NVCA
Planning and Regulation Guidelines.
The NVCA (2013g) Technical Guidelines are intended to be used in conjunction with the
MOECC Stormwater Management Planning and Design Manual (MOE, 2003) and the
applicable MNRF Technical Guides, other NVCA documents, and guidelines provided by local
municipalities.
Managing New Urban Development in Phosphorus - Sensitive Watersheds (Hutchinson
Environmental Science, 2014)
The NVCA has developed an approach and tool to estimate phosphorus loadings as a function
of land use, and to model the benefits of Best Management Practices (BMP) and Low Impact
Development (LID) implementation. NVCA requests the application of the phosphorus loading
tool to all proposed subdivision and site plan applications.
Interpretation Bulletin Ontario Ministry of Environment and Climate Change
Expectations RE: Stormwater Management (MOECC, February 2015)
The Ontario Ministry of Environment and Climate Change (MOECC) have released an
Interpretation Bulletin in February 2015 regarding the ministry’s expectations on stormwater
management and the use of LID practices. The MOECC recognize that conventional
stormwater management practices (pipe and pond) that focus on peak flow mitigation and
water quality, do not fully achieve watershed protection due to the increased volume of runoff
and water balance requirements. Moving forward, stormwater management plans submitted
for Environmental Compliance Approvals (ECAs) will consider the preservation of the natural
hydrology through the use of LIDs and other source controls, where practical, feasible and
appropriate. The ministry have also clarified that LIDs are applicable and will be expected to be
applied on soils with low infiltration rates (i.e., less than 15mm/hr).
Draft Low Impact Development (LID) Stormwater Management Guidance Manual
(MOECC, 2017)
The draft Low Impact Development Stormwater Guidance Manual has been developed to
complement the 2003 Stormwater Management Planning and Design Manual, with a focus on
source and conveyance controls. Similar to the 2003 manual, this document will be used as a
tool for understanding the design criteria and performance requirements of stormwater
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management projects and not as a rulebook or design manual for stormwater management
solutions. The MOECC (April 2017), defines LID as:
LID is an innovative state of the art approach to managing stormwater by first and
foremost treating runoff (precipitation) at its source, as a resource to be managed
and protected rather than a waste. In this regard, the emphasis is to maintain the
existing pre-development water balance through the use of source (lot level) and
conveyance measures in combination with end-of-pipe controls using what is
referred to as a “treatment train” approach to stormwater management. In keeping
with these principles, a shift towards an ecosystem– based water balance approach
to stormwater management has emerged and is being successfully applied.
This approach has largely replaced the now outdated land use and infrastructure planning
driven solely by rapid conveyance and public safety objectives using only grey infrastructure
(i.e. subsurface pipes) in combination with end-of-pipe controls.
4.4.3 NVCA Design Criteria
The NVCA (2013g) Technical Stormwater Guidelines have established stormwater
management design criteria with the intent of addressing impacts from stormwater runoff that
is due to changes in land use and other changes to receiving systems in the watershed. The
resulting impacts on the receiving watershed, and shifts in the hydrologic cycle, may include
the following, which should be considered in the scope of stormwater management:





Stormwater Quantity;
Erosion:
Stormwater Quality; and
Water Balance.

Stormwater Quantity
Stormwater quantity refers to the volume and timing of water related to precipitation and/or
storm events within the watershed of interest. This considers the volume and timing of water
across a range of scales and conditions, including peak flows in flood events, low flow and
base flow considerations, and runoff from modified landscapes. NVCA (2013g) recommends
that every effort should be made to maintain existing drainage patterns and post-development
conditions should match pre-development peak flows. Additional quantity control may be
required if there is a deficiency in the downstream conveyance. Further, safe conveyance of
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the Regulatory flows (i.e., the greater of the 100 year or Timmins flows through the
development) through the site is required.
Erosion
Changes in the quantify of water that is conveyed through a watercourse occurs in conjunction
with land use change, both with respect to flow magnitude and flow volume. While stormwater
management can control flow magnitude and manage flow volumes, a loss of sediment load
occurs; each of these factors can change the natural processes of watercourses and can lead
to increased erosion and/or alterations in channel function. Changes in hydrology and
sediment loadings have resulted in:





Stream widening and bank erosion;
Streambed changes due to sedimentation (including increased deposition of fines);
Stream downcutting; and
Loss of riparian tree canopy.

Erosion control criteria outlined in the NVCA (2013g) are intended to mitigate impacts of
additional runoff volume and are summarized in Table 4.4-1.
Stormwater Quality
The overall health of stormwater is defined by its ability to support ecological function and to
support human activities. Stormwater quality can be partially measured by the following list of
contaminants as identified in the NVCA Stormwater Technical Guidelines (2013g):








Suspended Solids/Sediment;
Nutrients (Nitrogen and Phosphorous);
Metals;
Oil/ Grease;
Bacteria;
Pesticides and Herbicides; and
Heat (i.e. increased water temperature).

The (SWMPDM) (MOE, 2003) adopts suspended solids as a de-facto target for addressing
stormwater quality. In addition, elevated temperatures are considered to be a deleterious
substance by DFO; best management efforts to reduce the temperature of water leaving
stormwater management facilities are required when outletting to coolwater or coldwater fish
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habitat. NVCA (2013g) provides an overview of potential measures to reduce temperature
effects and the fisheries habitat management objectives of the watercourses within the NVCA
watershed.
Water Balance
The fluxes between various components of the hydrologic cycle is referred to as the water
balance. In response to urban development, a change in the natural infiltration and
evapotranspiration rates occurs. End-of-pipe stormwater management measures alter the
hydrologic cycle by releasing flow at a single point. Water balance criteria in stormwater
management are intended to prevent shifts in the hydrologic cycle by protecting groundwater,
base flows, and natural heritage features and reducing erosion. The NVCA (2013g) guidelines
outline requirements for managing the water balance in different settings (e.g., wetland,
woodlands, watercourses, groundwater recharge areas) so that ecological functions and
characteristics and hydrological function of features that have been recommended for
protection through completed studies, in consultation with NVCA and the municipality.
assessing the impact to the water balance due to development, or other stressors, the fluxes in
the hydrologic cycle may be compared to natural or pre-development conditions. The NVCA
(2013g) document outlines a water balance analysis methodology.
Design Criteria
The summary of stormwater management design criteria from the NVCA Stormwater Technical
Guide (2013g) is provided in Table 4.4-1.
Table 4.4-1. Summary of stormwater management design criteria (NVCA, 2013g)
Stormwater Management Design Criteria
Stormwater Quantity




Additional Information/ Comments

Control post-development flows to predevelopment levels for the 2- to 100year storm events
Safe conveyance of the Regulatory flow
through the site
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quantity control approach; please
contact NVCA to determine if the
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these areas
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Stormwater Management Design Criteria
Erosion






Additional Information/ Comments

At a minimum, retain 5 mm on site
where conditions do not warrant
additional studies
If the site drains to a sensitive
watercourse, then the proponent must
complete a geomorphic assessment
study to determine the site-appropriate
erosion threshold
For sites with stormwater management
ponds, 25 mm 48-hour detention as a
minimum will be required, depending on
the results of the geomorphic
assessment study



Please refer to Appendix B of the
TRCA or Appendix A of CVC
Stormwater Management Criteria
for further information on
identifying sensitive watercourses



Refer to TRCA/CVC LID Guide
(2010) for low-impact development
design guidance
Refer to CVC Study Report:
Thermal Impacts of Urbanization
including Preventative and
Mitigation Techniques (2011)

Stormwater Quality



Enhanced level of protection as per the
latest MOE SWMPDM is required
Where applicable, mitigate potential
thermal and bacteriological impacts; to
minimize thermal impacts, preventative
measures (e.g. low-impact development
practices) and mitigation measures
should be applied



Water Balance




For Significant Groundwater Recharge
Areas and Highly Vulnerable Aquifers,
site-specific water balance analyses are
required
For sensitive ecological features
(woodlands, wetlands, watercourses)
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Water balance guidance is
provided in Section 6

186

NVCA

Integrated Watershed Management Plan:
Characterization Report

Stormwater Management Design Criteria
maintain hydrologic regimes and
hydroperiods

Additional Information/ Comments

It is additionally noted that, with respect to wetlands and other ecologically sensitive areas,
MNRF should be contacted prior to undertaking an evaluation in order to determine if species
at risk may present.
In considering groundwater recharge measures, these are defined by the Significant
Groundwater Recharge Areas (SGRA) defined in the Source Water Protection Policies; highand medium-volume groundwater recharge areas are defined by infiltration rates greater than
or equal to 15mm/h. NVCA includes a number of criteria which would render a groundwater
recharge area unsuitable for recharge, including large slopes, shallow bedrock and low
groundwater storage, and proximity to contamination sources and/or drinking water wells.
Additional design criteria and standards exist in NVCA (2013g) for the following topics:






Oil and Grit Separators;
Low Impact Development;
Infiltration Systems and Upgrades;
Rooftop and Parking Lot Storage Systems; and
Modelling Software and Computational Procedures related to Stormwater Management.

4.4.4 Climate Change and Changes to Storm Events
The NVCA Stormwater Technical Guide (2013g) comments on climate change, changes to
storm events, and climate change adaptations with respect to stormwater. The anticipated
changes to future climate conditions, due to climate change (see Section 3.8 for further
discussion) include:





An increase in overall temperature in Canada by 2.7°C to 3.7°C by 2050
An increase in the frequency and severity of extreme storm events (e.g., between 2000
and 2005, 10 storm events were experienced in Ontario which exceed the 1:100 year
storm)
An overall increase in total precipitation and an overall trend towards more heavy
precipitation days
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A change in the partitioning of precipitation into an increase in the proportion of rainfall
and a decrease in the proportion of snowfall, particularly in winter months
An increase in the frequency and duration of drought events (despite the increase in
overall total precipitation amounts)

As a response to the uncertainty of climate change, the NVCA is taking an adaptive approach
in stormwater management. In this respect, the NVCA has made a number of
recommendations related to future stormwater management. Some of these include additional
tree cover within development areas to promote increased evapotranspiration.
In addition, NVCA recommends that all stormwater management facilities be designed to
account for increased precipitation. There are a few examples of municipalities that have
increased their IDF curves by 15-21% or applied a 20% increase to rainfall as a test of the
infrastructure.
4.4.5 Existing Stormwater Management
Constructed Stormwater Management
Existing stormwater management facilities within the NVCA watershed includes flow
conveyance structures (such as culverts, ditches, sewers), Low Impact Development (LID) as
well as end-of-pipe stormwater management facilities.
Specific information regarding stormwater management facility locations, characteristics and
monitoring was not available as part of this characterization report, although likely exists within
the databases of individual municipalities and townships. As part of a subwatershed- and
watershed-wide stormwater management effort, these datasets should be compiled and
reviewed at a larger scale to understand stormwater assets within the watershed, and to
identify opportunities for prioritization and construction of stormwater facilities. This could
include the retrofitting of existing developments with LID and end-of-pipe stormwater
management facilities, such as wet ponds, in locations where stormwater management
facilities are lacking or do not exist.
Natural Heritage Features
In addition to constructed stormwater management facilities, there exist a number of Natural
Heritage Features and natural wetland features, which provide natural stormwater
management function throughout the watershed. As part of the subwatershed health checks
and subwatershed report cards, the NVCA reports on land cover and wetland gains/losses,
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and reports on water quality indicators provided by monitoring stations throughout the
watershed. Monitoring of natural heritage features should continue and be included in the
stormwater management facility review on the larger watershed scale, and also be considered
in conjunction with the constructed stormwater management facilities to provide
recommendations for future retrofits or wetland creation/preservation projects. Likewise,
adverse effects of a natural stormwater management function on the natural heritage features
should be identified early on, so that mitigation measures can be implemented.
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Wastewater Management

Across the Nottawasaga River watershed, the population is served by wastewater collection
systems and by both centralized and decentralized treatment facilities. The level of treatment
ranges from ineffective failing septic systems to sophisticated and thorough tertiary treatment
plants.
Adverse environmental and human health impacts can result from insufficient wastewater
treatment. These impacts can include oxygen depletion and algal growth that negatively affects
fish habitat and wildlife populations, beach closures and other restrictions on recreational water
use, restrictions on fish harvesting and consumption, and restrictions on drinking water
consumption. Negative impacts of insufficient wastewater treatment, and the actions required
to reduce them, have been identified in Lake Simcoe Region CA and NVCA’s (2006)
Assimilative Capacity Assessment (ACA) study and in the Pollutant Target Load Study (Louis
Berger Group and Greenland,2006). The Louis Berger and Greenland (2006) study identified
the level of reduction achieved through an analysis of the following potential Best Management
Practices (BMPs) that could be implemented to reduce pollutant loads:






Conversion of septic systems to secondary treatment plant;
Conversion of septic systems to tertiary treatment plant;
Conversion of primary treatment to secondary treatment;
Conversion of primary treatment to tertiary treatment; and
Conversion of secondary treatment to tertiary treatment.

Overarching coordination to determine the feasibility of implementing these best management
practices has not been completed to date. There are eight lower tier municipalities and three
upper tier county partners within the NVCA watershed that work together to deliver wastewater
infrastructure. It is the responsibility of each lower tier municipalities to provide wastewater
collection and treatment to serve the existing population, and future growth, in settlement
areas. It is the responsibility of the upper tier counties to work with the local municipalities, and
the Province, to support the efficient provision of wastewater infrastructure required to
accommodate growth in a fiscally and environmentally responsible manner. A brief description
on the known status of wastewater treatment is provided in the following section.
There is located within the watershed the Borden Canadian Armed Forces base that manage
wastewater effluent discharges.
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4.5.1 Septic Systems
Approximately 50 to 75 percent of families in the NVCA watershed are on private septic
systems, and draw their water from nearby wells. On proper soil, and where dwellings are
spaced sufficiently apart, well-designed septic systems can operate reliably for years. In fact,
when working properly, the removal of pathogens (viruses and parasites) is at least equal to
that of advanced treatment plants with secondary and tertiary treatment (NVCA, 1996).
Notwithstanding, if any of these septic systems fail, contamination will occur and may move
offsite, thus threatening the well next door. In addition, when septic systems are placed too
close together for soil conditions to accommodate, the problems become cumulative, and
could threat whole communities, aquifers, watersheds and ecosystems. Given the dynamics of
the hydrologic cycle, contamination is not likely to stay localized and ultimately, it can destroy
the ecosystem upon which we depend (NVCA, 1996).
Conservation Ontario (2009) have produced an information brochure to improve community
knowledge of septic systems and their importance. The brochure describes what is a septic
system including components, how it works, and potential problems. The brochure also
provides details on how to keep a septic system working properly. Septic systems can fail for
various reasons, including, but not limited to:










Dwellings that were intended for seasonal use are being used permanently;
Systems are being placed too close together;
Soil conditions are not suitable;
High water tables interfere with the operation of the system;
Septic tank not pumped as needed;
Septic tank not sound;
Failure of tile bed;
Pumps not working; and
Improper disposal of materials pumped out of the septic tanks (septage).

The number of malfunctioning or abandoned septic systems in the NVCA watershed is
unknown. It is recommended that the District Health Units, the MOECC, and the NVCA
determine the possibility of collecting information regarding:




The potential to connect septic systems to a secondary or tertiary treatment plant;
Contamination and septage and sewage spreading;
The location of septage and sewage spreading; and
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The number of failing septic systems in the Watershed.

There are a limited number of WWTPs that accept leachate and septage in Simcoe County.
Septage is accepted at the following WWTPs: Bradford Gwillimbury, Collingwood, Angus,
Alcona Lakeshore, Midland, Regional WWTP, Craigleith (Greenland, 2012). Opportunity to
increase the number of facilities that accept septage, or to accept increased volumes exists
within the County and specifically exists with new or improved facilities in the following
locations, to better serve those areas with the large majority of septic systems in the County
(Greenland, 2012):







Improved septage handling facility in Angus to serve the Township of Essa and the
Township of Adjala-Tosorontio;
Improved septage handling facility in the Town of Innisfil to service Innisfil and the
eastern portions of the Township of Essa and potentially the Town of New Tecumseth
and Bradford West Gwillimbury;
Improved septage facilities as required in Orillia to service the septage for the
Townships of Oro-Medonte, Severn and Ramara;
New or improved septage handling facilities in Wasaga Beach or Tiny Township to
service the Townships of Tiny, Springwater and Clearview; and/or,
New or improved wastewater system or septage handling facilities in the Town of
Penetanguishene or Midland.

Data relating to septage handling is not readily available for County of Grey nor for Dufferin
County.
4.5.2 Centralized Treatment
A number of the counties and municipalities have undertaken water and wastewater master
servicing plans to These studies identify long term servicing strategies. Some key aspects of
the scope of work that a master plan typically includes is:






Establishing key design parameters to size water and wastewater infrastructure;
Identifying future water and wastewater infrastructure requirements;
Evaluating proposed servicing alternatives;
Preparing cost estimates for the preferred infrastructure servicing alternatives; and
Preparing a phasing plan for implementing the infrastructure works.
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While the majority of these studies are stand alone and have not been consolidated at a
County or watershed level. The County of Simcoe Water and Wastewater Visioning Strategy
Final Draft Background Information Brief and Servicing Gap Analysis, Greenland, February
2012 some overarching discussion.
Each of the lower tier and upper tier municipalities in the Nottawasaga River watershed are
listed below, including readily available information regarding the wastewater treatment
systems (Greenland, 2012):
Table 4.5-1. Wastewater Treatment Infrastructure

County

Municipality
Township of AdjalaTosorontio
City of Barrie
Town of Bradford West
Gwillimbury
Township of Clearview
Town of Collingwood
Township of Essa
Town of Innisfil

Simcoe
County

Township of New
Tecumseth
Township of OroMedonte
Township of
Springwater

2031
Servicing
Gap
(people)

10,200
unknown
6,024
none
20,794
unknown

New Horizon
Subdivision - Class 1
City of Barrie
Bradford West
Gwillimbury
Stayner - Class 2
Creemore - Class 2
Collingwood
Angus
Cookstown
Alcona Lakeshore

none

Regional

8,348

8,395

none

unknown

4,804

Elmvale

16,164

2,955
none
783

unknown
unknown
Town of Wasaga
Beach

Ecosystem Recovery Inc.

WWTP

Private Septic
Systems
(people)

none

Snow Valley
Highlands
Snow Valley
Lowlands
Town of Wasaga
Beach

Project 1808

3,367
unknown
8,295
9,140
unknown
1,030
11,829
10,784
unknown

unknown
unknown
unknown
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Municipality

Canadian Forces Base
Township of Amaranth
Township of
Dufferin Melancthon
County Town of Mono
Township of Mulmur
Town of Shelburne
Town of the Blue
Mountains
Grey
Municipality of Grey
County Highlands

Ecosystem Recovery Inc.

2031
Servicing
Gap
(people)
2,966

WWTP

Private Septic
Systems
(people)

CFA Borden

unknown

Information not available at time of report
preparation
unknown

Shelburne

unknown

unknown

Thornbury

unknown

unknown

Markdale

unknown
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4.5.3 Marinas
A total of 31%, or 15 of the 49 marinas located within Simcoe County, accept holding tank
waste from marine vessels and store the waste in a holding tank for truck collection. The
sewage from the holding tanks is transported to one of the wastewater treatment facilities that
treat septage located within Simcoe County (Greenland, 2012).
4.6

Future Growth

The Growth Plan 2017 establishes the forecasted growth and population targets for the
municipalities within the Plan Area. The majority of the NVCA watershed is within the Growth
Plan Area (see Figure 4.6-1). While the Growth Plan must be read in its entirety, Section 6
(Simcoe Sub-area) provides specific direction on how the Growth Plan vision will be achieved
in the County of Simcoe and Cities of Barrie and Orillia. Schedule 7 in the Growth Plan
provides the Distribution of Population and Employment for the City of Barrie, City of Orillia and
County of Simcoe to 2031. Table 4.6-1 shows the 2031 population data from Schedule 7 of
the Growth Plan 2017 the 2016 census population data for each municipality as well as the
NVCA watersheds that are within each of the municipalities. The Table also provides the
percentage increase in population between 2016 and 2031. As can be seen, some
municipalities will experience only a marginal increase in population (Essa – 2%) whereas
others will experience a much more substantial increase (New Tecumseth – 63.5%;
Collingwood – 53.5%; Innisfil – 53.1%).
In addition to the Simcoe Sub-Area, Dufferin County is also within the Growth Plan Area. The
Town of Shelburne is the only Growth Plan Settlement Area in Dufferin County within the
NVCA’s watershed. Shelburne’s 2016 population was 8,126 with a forecasted population of
10,000 by 2031, an increase of 23.1%.
All of the Settlement Areas within NVCA’s watershed are expected to grow in population over
the next 13 years with some municipalities taking on higher percentages of growth than others.
While some of the forecasted growth will take place outside of the NVCA’s watershed (i.e.,
portions of the Cities of Barrie and Orillia), a substantial amount of growth will take place within
the watershed. This growth will occur both through intensification within the existing built up
areas as well as new development within greenfield areas. Within the NVCA watershed, areas
such as Midhurst (Township of Springwater), New Tecumseth, Collingwood, Wasaga Beach,
the southern portion of Barrie and Bradford/West Gwillimbury are expected to be areas of
significant urban development.
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The impacts associated with urban development may be different in each municipality based
on the location of the urban expansion areas and the services that currently exist.
Municipalities will need to assess whether there is sufficient water and wastewater treatment
capacity to service the additional population or whether they will need to drill new wells / create
new water intakes, build new, or expand existing, wastewater treatment plants and the
associated impacts of these water takings and water discharges on the natural environment
including ground water, surface water, aquatic habitat and terrestrial habitats. Lands
designated for urban development, that are currently in agriculture with limited riparian buffers,
may benefit from enhanced watercourse corridors and natural channel design associated with
protecting natural hazards in the new urban areas however, those same watercourse systems
will experience increased peak flows and flow duration that can have a negative impact on
downstream erosion and aquatic habitat if not properly managed. If roads need to be widened
to accommodate the additional traffic loadings, the impact of these widenings on adjacent
natural heritage features, natural hazards and stormwater management requirements will all
need to be considered.
The anticipated urban growth in the NVCA’s watershed requires a holistic evaluation to fully
understand the potential impacts on water and wastewater infrastructure, transportation
corridors, natural heritage, natural hazards and public service facilities. This necessitates a
coordinated approach across all levels of government, land developers and the general public
to ensure that potential impacts associated with urban growth are identified, analyzed and
assessed to determine the most appropriate locations and type of development that will fulfill
not only the Province’s growth targets but also the provincial policy goals related building
strong and healthy communities, the wise use and management of resources and protecting
public health and safety. A major component of this identification, analysis and assessment
process is undertaken within a Municipal Comprehensive Review (MCR). The Growth Plan
defines a Municipal Comprehensive Review as:
A new official plan, or an official plan amendment, initiated by an upper- or singletier municipality under section 26 of the Planning Act that comprehensively applies
the policies and schedule of this Plan.
Policy 5.2.3.2 of the Growth Plan requires upper tier municipalities to prepare MCRs to amend
their Official Plans to conform to the Growth Plan. Similarly, Policy 1.1.3.8 of the Provincial
Policy Statement requires a municipality to undertake a comprehensive review prior to allowing
the expansion of a settlement area boundary. All three Counties have a requirement for an
MCR within their Official Plans as does the City of Barrie.
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Dufferin County’s Official Plan (OP) also provides for circumstances under which an expansion
to Shelburne’s settlement boundary could be considered. Policy 3.5.1.2 of the Dufferin OP
notes that the Town is undertaking preliminary work in support of an environmental
assessment to increase municipal sewage servicing capacity. Such capacity is tied closely to
the assimilative capacity of the Boyne Creek, which receives the treated effluent from the
Shelburne Wastewater Treatment Plant. Although not stated as specifically in the Simcoe
County OP, assimilative capacity of receiving waterbodies will also be an important
consideration in the analysis of growth options for the two lower-tier municipalities and would
be addressed through the MCR.
Integrated Watershed Management Planning provides an opportunity to identify constraints
and opportunities, such as those listed above, on a watershed basis, to be considered by
upper tier municipalities when preparing their respective MCRs.
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Table 4.6-1. Modified Schedule 7 from Growth Plan (2017) with 2016 Population Data
Distribution of Population and Associated NVCA Subwatershed
For the City of Barrie and County of Simcoe to 2031
Population Population Population
2016
2031
Percentage
Increase
City of Barrie
147,300
210,000
42.5%
Township of
Adjala-Tosorontio

10,980

13,000

18.4%

Town of Bradford
West Gwillimbury
Township of
Clearview
Town of
Collingwood
Township of Essa

35,330

50,500

42.9%

14,150

19,700

39.2%

21,790

33,400

53.3%

21,083

21,500

2.0%

Town of Innisfil

36,570

56,000

53.1%

Town of New
Tecumseth

34,240

56,000

63.5%

Township of OroMedonte
Township of
Springwater

21,040

27,000

28.3%

19,059

24,000

25.9%

NVCA Subwatershed(s)

Middle Nottawasaga River,
Willow Creek
Innisfil Creek, Upper
Nottawasaga River, Boyne
River, Middle Nottawasaga
River, Pine River, Mad River
Innisfil Creek
Blue Mountains, Lower
Nottawasaga River, Mad River
Blue Mountains
Innisfil Creek, Middle and
Lower Nottawasaga Rivers,
Pine River, Mad River
Innisfil Creek, Middle
Nottawasaga River
Innisfil Creek, Upper and
Middle Nottawasaga Rivers,
Boyne River
Severn Sound, Willow Creek

Middle and Lower
Nottawasaga Rivers, Willow
Creek, Severn Sound
Town of Wasaga
20,680
27,500
32.9%
Blue Mountains, Lower
Beach
Nottawasaga River
Note: Table has been modified from Schedule 7 Growth Plan 2017 to: include 2016 Population
based on census data; remove those municipalities that are not within the NVCA watershed;
and, add NVCA Subwatershed information
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5 Economic Assets
5.1

Industries

The NVCA watershed supports a number of active industries; one of the primary economic
activities within the watershed is related to agricultural production, which occupies almost half
of the land use within the NVCA watershed (see Section 4.1). Other major industries/
businesses within the watershed include:





Aggregate extraction,
Tourism and Recreation,
Automotive manufacturing, and
Sod farming. (located in the Lower Nottawasaga River Subwatershed, near the Town of
Wasaga Beach).

The water takings estimated from MOE Permit to Take Water holders (See Section 6.3.2 for
detail) shows that the agricultural industry is the largest water user with 17% of the actual
water takings reported after Water Supply (66%). The value of water supplies for individual
sectors is estimated for each type of water user in Section 6.3.2.
The NVCA (2015b) Source Protection Area Assessment Report notes that, “Aggregate
resources constitute the major raw material used in the road building and constructions
industries”. There are 79 active licensed aggregate operations within the NVCA watershed
(NVCA, 2015b); this includes 11 Class B and 59 Class A operations (Class B entails less than
20 000 tonnes of aggregate processed annually, and Class A with greater than 20 000 tonnes
annually).
The tourism and recreation industry within the watershed includes a wide range of activities
and businesses, that are of great importance to the local economies. Some of the larger
attractions within the tourism industry in the NVCA watershed include Blue Mountain Resort
and Wasaga Beach; the range of tourism activities and attractions include the following, which
are discussed further in Section 6.3.






Beach Activities,
Winter Sports (skiing/snowboarding),
Hunting and Fishing,
Canoeing/Kayaking,
Cycling, and
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Hiking and Birdwatching (e.g., Collingwood caves).

The automotive manufacturing industry includes three Honda facilities located in Alliston, ON.
The first manufacturing plant opened in 1986 and began producing the Honda Civic in 1988. A
second plant opened in 1998, and a third opened more recently in 2008 (Honda Canada Inc.,
2018). As of 2017, the Honda Civic and Honda CRV are produced in Alliston, ON
(Government of Canada, 2017). The manufacturing facility has an annual capacity of 390 000
units and employs approximately 4 000 people (Honda Canada Inc., 2018).
5.2

Agriculture

The NVCA Source Protection Area Assessment Report notes that agriculture remains a
productive industry throughout the NVCA watershed (NVCA, 2015b); agriculture occupies
almost 50% of the land use with a total land area coverage of over 1600 km 2 and is thus the
largest land use within the watershed (Section 4.1).
The highest livestock densities in the NVCA watershed, based on the 2006 census, occurred in
Adjala-Tosorontio, followed by Clearview; this is due to poultry production (NVCA, 2015b).
Excluding poultry production, the largest livestock densities exist in Amaranth, Essa and
Springwater. The density of livestock within the 2006 census consolidated subdivisions (CCS)
are presented in Table 5.2-1.
Table 5.2-1. Livestock density within Nottawasaga Valley census consolidated
subdivisions (CCS). Only those CCS regions with available data are presented. (Adapted
from Nottawasaga Valley SPA Approved Assessment Report, 2015)
Livestock Density(number/km2)

All others

All livestock

15.6
0.0

4.6
3.1

1.3
2.4

68.9
459.3

11.8
76.4

131.4
554.6

14

8.2

0.0

2.3

0.8

0.0

1.8

13.1

2

19.6

0.0

1.3

2.4

255.8

0.6

279.7
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29.3
13.4

Horses and
ponies

11
94

Sheep and
lambs
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Highlands
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Blue
Mountains
Caledon

Pigs

% of CCS
area within
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Cattle and
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Livestock Density(number/km2)

All livestock

Horses and
ponies

Sheep and
lambs

32.4

26.0

10.0

1.6

0.0

0.5

70.4

Mulmur

100

15.6

0.0

6.0

1.1

0.0

1.9

24.5

Melancthon

42

28.8

6.6

3.3

0.9

0.0

1.0

40.5

Oro-Medonte

20

15.4

6.7

8.4

1.5

2.0

1.7

35.7

Clearview

99

24.1

37.1

5.5

1.0

262.8

1.5

332.0

Bradford
West
Innisfil

31

10.6

8.2

5.7

0.9

0.0

0.9

26.4

42

13.2

0.0

6.2

0.9

0.0

1.8

22.0

Springwater

79

20.5

17.7

3.1

0.8

236.3

2.3

280.8

Essa

100

18.8

17.8

4.1

2.0

0.0

0.4

43.1

New
Tecumseth

92

9.3

0.5

6.2

1.6

97.1

1.7

116.5

Mono

87

12.9

0.0

2.2

2.7

5.8

4.1

27.7

All others

16

Hens and
chickens

Amaranth

Pigs

% of CCS
area within
watershed

Cattle and
calves

Census
Consolidated
Subdivision

In terms of crops grown within the watershed, the primary crops within the Innisfil
Subwatershed are known to include predominantly soybean, followed by wheat, corn, hay, turf,
potato, and alfalfa (NVCA, 2015c). Willow Creek Subwatershed exhibits hay, grain, corn,
soybeans and some potato crops (NVCA, 2001). The breakdown of agricultural fields between
row crops, hay/pasture, and sod is provided in Section 4.1.
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6 Ecological Asset Management
6.1

Introduction

The concept of natural capital recognizes that the natural environment is a fundamental asset
on which our social and economic systems depend. By conceptualizing nature as an asset, we
can codify, measure, and track the ways in which we depend on and impact the environment.
Like other forms of assets, the stocks of natural assets produce a flow of valuable goods and
services over time. For instance, a wetland (the stock) can absorb flood water, providing flood
protection (the flow) to people and property downstream. The flow of benefits from natural
assets are referred to as ecosystem services. Ecosystem services are typically defined as the
benefits people obtain from nature. They are measurable and result in improvements to human
well-being. In the case of flood protection, for example, the benefit that can be measured is
avoided flood damages.
Figure 6.1-1 illustrates the pathway from natural capital stocks to ecosystem services. On the
left of Figure 6.1-1, the stock of natural capital is defined by biophysical structures, functions
and processes. When biophysical structures, processes and functions occur in proximity to
human populations, they can provide a physical flow of ecosystem services (e.g. water storage
and flow regulations), which in turn produce measurable benefits (e.g. lower flood risk) that can
be translated into measures of economic value (e.g. the value of avoided flood damages).

Figure 6.1-1. The pathway from ecosystem structure to economic value
Like any asset, natural assets need to be carefully measured and managed to ensure a
sustainable supply of services. When natural assets are destroyed, or their ability to provide an
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ecosystem service is impaired or lost, the service must be replaced for people to continue to
derive the benefits that were provided by the natural system. Engineering the replacement of a
service that nature provides often requires expensive new infrastructure with significant
operational and maintenance costs. In the long run, the protection of natural capital, and the
services it provides, is often the most cost-effective option.
There is an important role for local authorities to play in measuring and managing natural
assets. This imperative is driven not only by the need for a more comprehensive picture of the
total value of all assets in a community, but also by the infrastructure challenge facing
municipalities and other local authorities across the nation. Municipalities in Canada are
responsible for the delivery of core services such as providing clean drinking water, road
infrastructure and public transit, and solid waste collection. These services, which depend on
municipal infrastructure, directly affect the quality of life of citizens (Machado, 2015). Most
Canadian municipalities are challenged by a lack of public financing to maintain and repair
aging infrastructure, let alone meet future infrastructure needs (Town of Gibsons). In urban
centres, population growth and impacts of a changing climate are putting additional stress on
already strained infrastructure (Municipal Natural Asset Initiative, 2017). A 2016 report card on
Canada’s infrastructure found that almost one-third of municipal infrastructure (water,
wastewater, stormwater and road systems) across the country is in fair, poor or very poor
condition (Canadianinfrastructure.ca, 2016). To replace ailing infrastructure (infrastructure in a
poor or very poor state) would cost over $140 billion dollars (Canadianinfrastructure.ca, 2016).
Recognizing and managing natural capital as an asset can alleviate some of the infrastructure
pressures experienced by local authorities in Canada and elsewhere. The process begins with
local authorities getting a better sense of their natural assets and the services that they
provide. Municipalities currently are required to track and report on their existing stock of
physical assets using asset management (Town of Gibsons). Asset management is a
systematic process that informs strategic and operational decisions about municipal assets
over their lifecycle (Town of Gibsons). Through asset management, a community’s assets are
inventoried, their current condition determined, and a plan for asset repair, maintenance,
replacement and/or enhancement established. Asset management allows municipalities to
make informed decisions regarding a community’s assets and finances (Municipal Natural
Asset Initiative, 2017). The focus of asset management has traditionally been on built assets
and infrastructure. However, the concept of asset management has recently been expanded to
consider natural assets as well. Natural asset management allows municipalities to track their
natural assets alongside their built infrastructure. Natural asset management considers the
amount, value and state of natural capital and options for maintaining, increasing or replacing
those assets in the same way that built assets would be considered (Town of Gibsons). The
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Municipal Natural Asset Initiative (MNAI) is the leading organization in Canada in the field of
natural asset management (Municipal Natural Assets Initiative, 2018). Their work with
municipalities across Canada is testament to the increased interest in natural asset
management.
In keeping with Figure 6.1-1 above, the objective of the Ecological Asset Management
assessment is to identify/inventory the stock of natural assets in the NVCA watershed, the flow
of the services derived from those assets, and (for some services) the monetary value of the
benefits received from the flow of services. As our understanding of the natural assets
changes, through the current study process, an update to the quantified benefits derived from
these assets (i.e., Section 6.3) will be provided within the IWMP report.
6.2

Natural Assets within NVCA Jurisdiction

The ecological asset management process begins with an inventory of the stock of natural
assets that are within the NVCA watershed; these are typically characterized by common
ecosystem land cover types such as water, forests, wetlands and grasslands. The provincial
ecological land classification (ELC) program establishes a comprehensive and consistent
province-wide approach to describing, inventorying and interpreting land cover types (Lee et.
al., 1998). The ELC system organizes ecological units into a series of six nested hierarchal
levels. Table 6.2-1 provides a summary of each level based on details provided in Lee et al.
(1998).
Table 6.2-1. Summary of ELC structure
ELC Level
Site Region

System
Community
Class
Community
Series

Description
Highest level (or coarsest resolution). The 13 site regions in Ontario are
defined as “areas of land within which the response of vegetation to the
features of landform follows a consistent pattern.”
This level reduces complex natural landscapes into three communitybased units: Terrestrial, Wetland, and Aquatic.
An organizational level that groups similar, but generalized ecological
patterns and processes (e.g. forest, marsh, savannah).
Breaks down community classes into units that are visible and
recognizable on air-photos or other remote sensing techniques. They
are distinguished based on vegetation cover with the community (e.g.
open, shrub, treed vegetation cover, or deciduous, coniferous, mixed
planted forms).
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Description
This level is characterized as a land scape unit integrating a consistent
set of environmental factors and vegetation characteristics and
represents recurring plant species patters.
This is the finest level of resolution. The purpose of this level is to distill
the ecosites diversity of plant communities into a small number of
relatively uniform vegetation units.

To identify the types and quantities of natural assets within the NVCA watershed, the ELC
system of classification was used to quantify the various land cover types that occur in the
NVCA watershed. Table 6.2-2 presents a summary of ELC community types and the total area
that they cover in NVCA jurisdiction. The total area within the study area that is characterized
by natural cover is 137,887 ha. Of this, 50% is deciduous forest and 18% is mixed swamp. As
is described below, the stock of these natural assets delivers a flow of services that result in
benefits to humans.
Table 6.2-2. Land cover types in NVCA jurisdiction
ELC Community Types
Terrestrial Ecosites
Open Alvar
Open Beach / Bar
Treed Beach / Bar
Shrub Bluff
Crevice
Open Cliff
Coniferous Forest
Deciduous Forest
Mixed Forest
Open Sand Barren
Open Sand Dune
Shrub Sand Dune
Treed Talus
Open Tallgrass Prairie
Tallgrass Savannah
Tallgrass Woodland
Cultural Ecosites
Cultural Meadow

Ecosystem Recovery Inc.

Code

Area (ha)

ALO
BBO
BBT
BLS
CCR
CLO
FOC
FOD
FOM
SBO
SDO
SDS
TAT
TPO
TPS
TPW

0.4
3.5
0.8
2.9
0.7
5.5
1,496.9
69,433.5
4,185.0
8.3
21.2
5.1
18.1
58.8
1.5
11.4

CUM

6,178.4
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ELC Community Types
Cultural Meadow/Cultural
Plantation
Cultural Meadow/Cultural
Woodland
Cultural Plantation
Cultural Savannah
Cultural Thicket
Cultural Thicket/Cultural Meadow
Cultural Woodland
Wetland Ecosites
Open Fen
Shrub Fen
Treed Fen
Meadow Marsh
Meadow March/Shallow Marsh
Shallow Marsh
Coniferous Swamp
Deciduous Swamp
Mixed Swamp
Thicket Swamp
Aquatic Ecosites
Shallow Water
Floating-leaved Shallow Aquatic
Submerged Shallow Aquatic
Total Natural Cover
Other area (Urban and Agriculture)
Total Area
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Code
CUM/CUP

Area (ha)
53.8

CUM/CUW

65.1

CUP
CUS
CUT
CUT/CUM
CUW

10,618.1
865.9
1,135.2
124.2
777.8

FEO
FES
FET
MAM
MAM/MAS
MAS
SWC
SWD
SWM
SWT

16.8
205.3
18.5
661.5
15.8
2,335.6
1,508.4
6,261.7
24,559.0
7,090.9

SA
SAF
SAS

131.3
1.5
9.3
137,887.7
233,062.2
370,949.9

Project 1808

207

Figure 6.2-1

NVCA

6.3

Integrated Watershed Management Plan:
Characterization Report
Services Derived from the Natural Assets within NVCA Jurisdiction

The services derived from the natural assets that occur within the NVCA watershed can be
organized around the following seven key ecosystem services:








Recreation
Water supply
Pollination
Gas regulation
Carbon sequestration
Disturbance regulation
Habitat and refugia

Each of these services is considered below.
6.3.1 Recreation
Nature recreation is one of the most tangible ways in which people directly derive benefit from
natural assets. The NVCA watershed is a well-known hotspot for recreation and tourism in
Ontario. The NVCA manages 13,000 acres of land, all of which are associated with a unique
natural asset profile, and hence recreation and tourism opportunities (Figure 6.3-1). The
natural assets present within the NVCA watershed provide quality opportunities for beach
goers as well as recreationalists looking to go hunting or fishing, canoeing and kayaking,
cycling and mountain biking, hiking and birdwatching, snowshoeing, snowmobiling and skiing
(downhill, cross-country). In 2017, the NVCA sold 107 annual parking passes and 1,182 day
parking passes to people accessing one of the conservation areas (data provided by NVCA).
Recreation and tourism data for Simcoe County demonstrates the wide range of recreational
opportunities that exist within the study area (albeit for a much larger geographic area). As
Table 6.3-1 demonstrates, popular recreational activities for Simcoe County that rely on
natural assets include visiting a beach, hiking and fishing. The average visitor to Simcoe
County spends $102 per visit largely on food and beverages (39% of expenditure) and
transportation (20% of expenditure). Visitors to Simcoe County originate from the Bruce
Peninsula, Southern Georgia Bay and Lake Simcoe (27% of visitors), the Greater Toronto
Region (25% of visitors) and York, Durham and Hills of Headwaters (21% of visitors) (Simcoe
Tourism, 2018). Many of the activities undertaken in Simcoe County are also relevant to other
areas within the NVCA watershed. Important recreational activities within the NVCA
watershed, and the natural assets upon which they are based are shown in Figure 6.3-2.
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Table 6.3-1. Recreational activities in Simcoe County (Statistics Canada, 2015)
Activity
Any Outdoor/Sports Activity
Visit a beach
Shopping
Hiking
Fishing
Cultural Performances
Casinos
Skiing/Snowboarding
Camping
National/Provincial Nature Parks
Boating
Wildlife/Bird watching
Business Meeting/Conference/Seminar
Sightseeing
Sports Events
Cycling
Play a sport
Golfing
Canoeing
Restaurant or bar
Indigenous
Movies
Medical/Dental appointment
Theme Parks
Festivals/Fairs
Historic Sites
Museums/Art Galleries
Cross-country Skiing
Zoos/Aquariums/Botanical Gardens
Snowmobiling
Hunting
ATV

Ecosystem Recovery Inc.

%
28.2%
8.4%
6.2%
4.9%
4.9%
4.7%
4.5%
3.9%
3.6%
3.4%
3.1%
2.6%
2.5%
2.3%
2.1%
2.1%
2.0%
1.9%
1.6%
1.6%
1.5%
1.2%
1.0%
0.7%
0.7%
0.7%
0.6%
0.5%
0.5%
0.1%
0.1%
0.1%
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Each of the important recreational activities that take place within the NVCA watershed are
considered further below. For each activity, an overview of the service provided by the natural
assets is presented along with a description of the type and amount of natural assets (i.e., land
cover) that enable the service delivery. Due to lack of data pertaining to the number of
individuals undertaking recreational activities within the NVCA watershed, monetary estimates
for the benefits derived from the recreational services resulting from the natural assets are not
provided.
6.3.1.1 Beach Activities
The main destination for beach activities within the NVCA watershed is Wasaga Beach. There,
the combination of natural assets, namely open water and sandy shores, create an excellent
environment for beach activities including swimming and playing in the sand. Indeed, at 14 km
in length, Wasaga Beach is the longest freshwater beach in the world. Although somewhat
dated (2007), it has been estimated that annual visitation to Wasaga Beach is 2 million visitors
(The Tourism Company in Association with IBI Group, 2007).
6.3.1.2 Hunting and Fishing
Hunting and fishing are popular recreational services made possible by the natural assets
present within the NVCA watershed. Hunting takes place on NVCA property within the
Minesing and Osprey wetlands, where a maximum of 100 hunting permits are issued on an
annual basis; hunting also takes place in other areas of the watershed. In 2016, 72% of the
permits issued were to local residents while the remainder went to non-residents. In 2017, the
portion of permits going to local residents was 64%, with the balance going to non-residents
(data provided by NVCA). Fishing opportunities exist along larger waterways including the
Pine, Boyne, Bear, Noisy and Mad rivers and numerous smaller creeks.
6.3.1.3 Canoeing and Kayaking
The Nottawasaga River provides canoeing and kayaking opportunities. The main branch of the
Nottawasaga River extends for a distance of 121 km from Alliston to Wasaga Beach. The
Minesing Wetland provides 15,000 acres of swamp, fen and marsh that can be explored by
canoe or kayak.
6.3.1.4 Cycling and Mountain Biking
Cycling and mountain biking are popular services enhanced, or made possible, by the natural
assets within the NVCA watershed. A 2017 study prepared for Tourism Simcoe County
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tracked cycle tourism in Simcoe County through a survey to 74 Ontario by Bike registrants in
Simcoe County. The survey revealed that many businesses (over 40%) have a regular flow of
cyclists supporting their business and 92% of businesses felt cycle-related business had
increased or stayed the same relative to the previous year. According to the survey, a range of
cyclists use the natural assets of the NVCA watershed, including recreation road cyclists,
recreational mountain bikers, and serious/competitive road cyclists and mountain bikers.
Riders were found to originate from within Ontario and also from Quebec, other parts of
Canada, and from outside of Canada. Key experiences of cyclists include the Simcoe County
Loop, riding the rails, cycling events and mountain biking. Fifty-three percent (53%) of
businesses who responded to the survey reported riders were experiencing the Simcoe County
Loop Trail, almost twice as many riders as was reported the year before (RMCG, 2018).
6.3.1.5 Hiking and Birdwatching
Hiking and birdwatching are important recreational services that result from the natural assets
that occur within the NVCA watershed. The Bruce Trail offers recreationalists near endless
hiking and birdwatching opportunities; other important trails include the Ganaraska Trail, the
Trans Canada Trail, and various rail trails. Hiking and birdwatching opportunities also exist
within conservation areas, including the Tiffin Centre for Conservation, Glencairn, Nottawasaga
Bluffs, Petun and Tottenham, and most notably the Minesing Wetlands. Within Minesing
Wetlands, a 12-foot-high waterfowl viewing window provides birdwatchers a bird’s eye view of
the surrounding wetland.
Numerous birds have been viewed and identified within the study area. An online database of
bird observations is available through eBird (https://ebird.org/home). The database provides
users with real-time data about bird distribution and abundance. eBird data for the NVCA
watershed provides a picture of the importance of the natural assets within the region to birds,
and hence to birdwatchers. There are over 350,000 bird observations from about 30 different
locations within the NVCA watershed listed on eBird. Locations with the highest number of
observations are referred to as “hotspots” and there are 20 of these within the NVCA
watershed. Important bird areas and bird observations for the 20 hotspots over the last 10
years are shown in Figure 6.3-3.

Ecosystem Recovery Inc.

Project 1808

214

Figure 6.3-3

NVCA

Integrated Watershed Management Plan:
Characterization Report

6.3.1.6 Snowshoeing, Snowmobiling and Skiing
Ungroomed snowshoeing and cross-country skiing opportunities exist in many areas within the
watershed including most NVCA Conservation Areas. Highlands Nordic, Hardwood Hills,
Horseshoe Valley and Wasaga Nordic and Trail Centre are among several well-known
destinations that offer groomed trails for cross-country skiing within the study area.
There are 9 ski hills within the NVCA watershed, which are enabled by the natural assets of
the study area. In this case, the key asset contributing to the provision of the service is the
favourable topography of the land. By using the slope of the land to create skiing
opportunities, land managers are deriving benefits for recreational users.
The Ontario Federation of Snowmobile Clubs make use of the entire NVCA watershed with
close to a 1,000 km of well-maintained trails. A number of clubs located within the NVCA
watershed, and beyond, work together to ensure a high quality and safe trail network that sees
tens of thousands of users annually.
6.3.1.7 Summary of Recreation
The natural assets within the NVCA watershed provide significant opportunities for individuals
to undertake a range of recreational activities. Assuming a 100 m buffer around trails and
areas used for important recreational activities (i.e., those activities shown in Figure 6.3-2),
then Table 6.3-2 summarizes the area of land within the NVCA watershed that is used by, or
contributes to, recreational activities. As the table shows, a total of 12,220 hectares of land
falls within a 100 m buffer of land/water used for important recreational activities. Excluding
the area designated at “urban”, the natural assets that support important recreational activities
constitute 8% of the total area characterized by natural cover within the study area.
It is important to note that the area that is reflected in Table 6.3-2 is the area immediately
surrounding the location where a recreation service is provided. It can be argued, however,
that the entire NVCA watershed plays a role in the provision of recreation services. This is due
to the contribution that ecosystem structures, functions and processes of the NVCA watershed
make to create a healthy environment that is appealing to recreational users. It should also be
kept in mind that many of the areas within the NVCA watershed that are used for recreation
purposes, and summarized in Table 6.3-2, are used by more than one recreation activity.
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Table 6.3-2. Summary of the natural assets within the NVCA watershed that provide
recreation services

ELC Community Type
Deciduous Forest
Cultural Plantation
Open Cliff
Thicket Swamp
Cultural Thicket
Meadow Marsh
Mixed Swamp
Coniferous Swamp
Deciduous Swamp
Mixed Forest
Coniferous Forest
Shallow Marsh
Cultural Woodland
Cultural Savannah
Cultural Meadow
Open Beach/Bar
Shallow Water
Open Sand Dune
Shrub Sand Dune
Treed Talus
Open Tallgrass Prarie
Urban
Total

Area (ha)
6,156
1,140
8
380
54
124
1,179
124
644
667
411
47
93
39
364
8
47
23
8
16
31
659
12,220

6.3.2 Water Supply
Water supply is a tangible benefit that humans derive from natural assets. The stock of natural
assets within the NVCA watershed provide a supply of water that is used for drinking and other
residential uses, industrial and manufacturing processes, irrigation for crops and recreation
(Section 6.3.1). Table 6.3-3 summarizes the volume of water that is taken from within the
NVCA watershed, by source. The water consumed in the watershed comes from a mix of
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surface (49%) and groundwater (38%) sources, with 13% of volume coming from permits that
draw on both sources.
Table 6.3-3. Summary of actual water taking reported by PTTW permit holders by water
source
Water Source

Ground Water
Pumping Test
Surface and Ground
Water
Surface Water
Total

Total Water
Taken in 2016
(m3)
8,916,406
20,781
3,137,159

Percent

38%
0%
13%

11,513,230
23,587,577

49%
100%

Table 6.3-4 identifies the volume of water taken by type of water use. Most water taken (66%)
is used for municipal water supplies, with agricultural water usage is at 17%, and commercial
water usage is at 12%. Note, however, that some commercial and industrial uses draw from
the volume of water attributed to municipal water supply.
Table 6.3-4. Summary of actual water taking reported by PTTW permit holders by type
of water use
Purpose of Water
Taking
Agricultural
Commercial
Dewatering
Industrial
Miscellaneous
Recreational
Water Supply
Total

Total Water
Taken in 2016
(m3)
4,125,552
2,850,288
171,768
314,163
20,781
463,131
15,641,894
23,587,577

Percent

17%
12%
1%
1%
0%
2%
66%
100%

The value of the drinking water provided by the natural assets within the NVCA watershed can
be estimated based on the number of households within each relevant municipality. According
to a 2005 study of water values in Canada, the value of municipal water is $883 per
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household, after converting to 2017 dollars (Dupont and Renzetti, 2008). Assuming the supply
of water within the NVCA watershed is sufficient to meet domestic water needs, the value of
clean drinking water for households is determined by multiplying the assumed value per
household ($833) by the number of households within the NVCA watershed.
The water use data presented in Table 6.3-4 can be used to estimate the value of water use
for commercial and agricultural purposes. Water taking estimates are multiplied by the
assumed marginal value of water (taken from Dupont and Renzetti, 2008, adjusted to 2017
dollars) for each use ($0.91 per m 3 for agriculture. $0.68 for commercial uses, and $0.41 per
m3 for manufacturing uses). Table 6.3-5 summarizes the value of water supply estimates for
various water uses within the NVCA watershed.
Table 6.3-5. Summary of annual water supply value
Water use
Agricultural
Commercial
Industrial
Municipal water
supply

Volume
Consumed (m3)
4,125,552
2,850,288
314,163

15,641,894

Unit Value

Households

$0.91 per m3
$0.68 per m3
$0.41 per m3
$833 per hh

78,689**

Annual Value of
Water Supply
$3.8 million
$1.9 million
$0.1 million
$69.5 million

$4.44 per m3*

Total
$75.3 million
3
Notes: (*) Value per m is an average estimate derived by dividing the total annual supply
value by reported municipal water supply taking; (**) Number of households in the
watershed was conservatively estimated based on the census subdivisions that had more
than 50% of their area within the NVCA jurisdiction (Collingwood, Mono, New Tecumseth,
Shelburne, Wasaga Beach, Adjala-Tosorontio, Clearview, Essa, Mulmur, Oro-Medonte, and
Springwater).
The estimates presented in Table 6.3-5 are based on the value derived by humans at the point
of water use. The natural assets of the entire NVCA watershed, however, play important roles
in the supply and delivery of clean water. In the case of groundwater, the value derived from
water use, depends on the spatial distribution of groundwater recharge rates. For surface
water, it is likely safe to say that all existing natural areas play some role in the provision of
clean water.
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6.3.3 Pollination
The pollination services supplied by wild pollinators and the natural assets that provide their
habitat are essential for plant cultivation. Without the presence of natural assets for pollinator
habitat, wild pollinators and the pollination services they deliver, would not exist. Without
pollination services, many crops would simply not grow, or would be dependent on other forms
of pollination (e.g., manual), resulting in reduced agricultural outputs. To estimate the value of
pollination services, data provided by the MNRF was used (Green Analytics, 2016). The
dataset was developed using a modern spatially explicit approach based on Agriculture and
Agri-Food Canada (AAFC) Annual Crop Inventory (Agriculture and Agri-Food Canada, 2018 ),
and the most recent pollinator relationships and crop dependencies from the scientific literature
(Klein et. al., 2007). The result is a raster geospatial data file that contains the dollar
contribution of identified pollinator habitat. The pollination value of each raster cell varies
depending on the how close it is to a pollinator dependent crop and the specific crop types
nearby. The dataset covers all of Southern Ontario. Using the Nottawasaga watershed
boundary data, these values were aggregated and estimated on a municipal basis. This results
in an estimate of the average value for each municipality, as is shown in Table 6.3-6. Minimum
values represent low crop pollinator dependency ratios, whereas maximum values capture
high crop pollinator dependency ratios. Overall, wild insect pollination activities within the
watershed contribute $51 to $127 million annually in support for plant cultivation.
Table 6.3-6. Support for plant cultivation provided by wild pollination, annual values by
municipality
Municipality
CFB Borden
City of Barrie
Municipality of Grey
Highlands
Town of Bradford West
Gwillimbury
Town of Caledon
Town of Collingwood
Town of Innisfil
Town of Mono
Town of New Tecumseth
Town of Shelburne

Ecosystem Recovery Inc.

Minimum Estimate
($ per year)
218,285
188,457
1,338,148

Maximum Estimate
($ per year)
497,922
493,458
3,189,179

985,379

2,694,644

202,762
368,765
1,811,282
4,272,998
4,368,882
66,333

492,839
853,774
4,849,814
10,039,887
11,359,651
166,140
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Municipality
Town of the Blue Mountains
Town of Wasaga Beach
Township of AdjalaTosorontio
Township of Amaranth
Township of Clearview
Township of Essa
Township of Melancthon
Township of Mulmur
Township of Oro-Medonte
Township of Springwater
Jurisdiction Total
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Minimum Estimate
($ per year)
367,210
258,931
5,323,395

Maximum Estimate
($ per year)
838,205
626,480
12,908,413

833,028
8,075,570
4,014,208
1,947,521
4,987,341
5,696,763
5,736,981
51,062,240

2,016,167
20,515,374
9,941,811
4,816,197
11,802,805
13,503,483
15,103,902
126,710,146

6.3.4 Gas Regulation (Clean Air)
The natural assets within NVCA jurisdiction play a role in regulating atmospheric gases and
providing clear air. Specifically, trees regulate gases and improve air quality by collecting
particulate matter on the surface area of leaves and absorbing gaseous pollutants into leaves.
Improved air quality results in significant benefits to the surrounding population as fewer visits
to the hospital for respiratory and other illnesses are realized (Nowak et. al., 2015).
To estimate the value of clean air for the NVCA watershed, results from leading-edge analysis
completed by David Nowak from the United States Department of Agriculture were utilized
(Nowak et. al., 2015). This approach is similar to that applied in a study of the value of natural
capital in Ontario’s Greenbelt area (Green Analytics, 2016b). Regression equations calculated
and presented in the Nowak report were applied to the specific attributes (forested area and
population density) of the municipalities within the NVCA watershed. Valuation estimates were
calculated using functions reported by Nowak et al. (2015). These functions estimate healthcare expenses (i.e., cost of illness and willingness to pay to avoid illness), productivity losses
associated with specific adverse health events, and the value of a statistical life in the case of
mortality. The resulting value estimates were expressed in dollars per tonne of change in
pollution and applied to the change in pollution resulting from the presence of trees in the
NVCA watershed.
Table 6.2.7 provides estimates of the value of gas regulation provided by forest assets
(including cultural woodlands and plantations) by municipality. While non-forest plants may
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contribute to the removal of air pollutions, such benefits could not be captured within the scope
of this assessment. The highest values exist where there are greater population densities,
indicating the importance of tree cover to human health in these areas. Overall, the forest
assets within the NVCA watershed provide $3.2 million annually in human health benefits
through the provision of clean air.
Table 6.3-7. Avoided human health care costs provided by gas regulation from forest
cover (CUP; CUW; FOC; FOD; FOM)
Municipality
CFB Borden
City of Barrie
Municipality of Grey
Highlands
Town of Bradford West
Gwillimbury
Town of Caledon
Town of Collingwood
Town of Innisfil
Town of Mono
Town of New Tecumseth
Town of Shelburne
Town of the Blue
Mountains
Town of Wasaga Beach
Township of AdjalaTosorontio
Township of Amaranth
Township of Clearview
Township of Essa
Township of King
Township of Melancthon
Township of Mulmur
Township of Oro-Medonte
Township of Springwater
Jurisdictional Total

Ecosystem Recovery Inc.

Annual value by pollutant ($ per year)
NO2
O3
PM
SO2
849
48,810
84,551
128
3,225
180,537
308,343
489
75
4,715
8,524
11

Total
134,338
492,595
13,325

634

35,749

61,301

96

97,780

101
1,697
664
924
1,590
230
239

5,711
95,089
37,554
54,133
89,999
12,900
14,170

9,829
162,516
64,472
94,641
154,606
22,035
24,914

15
257
101
139
241
35
36

15,656
259,559
102,791
149,838
246,435
35,200
39,359

2,421
730

135,973
42,860

232,631
75,015

367
110

371,392
118,716

21
1,102
1,567
2
51
522
2,264
1,887
20,795

1,267
65,159
89,349
123
3,270
32,546
131,826
109,942
1,191,684

2,261
114,455
154,110
213
5,950
58,619
229,792
191,675
2,060,452

3
166
237
0
8
78
342
285
3,144

3,552
180,881
245,263
338
9,279
91,765
364,223
303,789
3,276,075
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6.3.5
6.3.6 Carbon Sequestration
Forests, woodlands, wetlands, grasslands, and thickets – natural assets present within the
NVCA watershed - play an important role in mitigating climate change through the
sequestration and storage of carbon dioxide and other greenhouse gases. The mitigation of
climate change is likely to have a wide range of benefits to humans in the form of avoided
severe weather events. Here, only sequestration is valued, as it represents the annual service
flow (note that the carbon storage can also be valued; however, it represents the accumulated
stock of carbon that has been sequestered in all previous years. As a result, it is not included
in the annual sequestration value).
The first step in estimating the value of carbon sequestration was to establish the rate of
sequestration. Two approaches were used in this analysis:
1. For forest assets (including cultural plantations and woodlands), data from the
Greenbelt study, which employed a carbon budget model to measure sequestration
over time, was used (Green Analytics, 2016b). For the purpose of this report, average
sequestration rates were established for softwood (SW) and hardwood (HW).
2. For grasslands, non-intensive agriculture and wetlands, estimates were obtained for the
rate of sequestration for each of the ecosystem types (i.e. tonnes of carbon sequestered
per ha per year of ecosystem type).
Once the average rate of sequestration was determined, a price per tonne of carbon was
applied to the sequestration estimates. Environment Canada’s recommended social cost of
carbon, which is currently $43.77 per tonne of CO2e (i.e. CO2 equivalents), was used for this
purpose (Environment Canada, 2016). The social cost of carbon quantifies the marginal value
of avoided social damages that are anticipated to result from climate change. In other words, it
is a measure of the incremental avoided damages from a decrease in CO 2 emissions.
Since the social cost of carbon is measured in CO2e, and sequestration is measured in tonnes,
it was necessary to convert the values to comparable units. The conversion was based on
relative atomic weights. That is, 1 tonne of carbon sequestered translates into 3.667 tonnes of
CO2 removed from the atmosphere.
Figure 6.3-4 shows the trend in carbon sequestration for SW and HW over time in relation to
the average value per ha based on Environment Canada’s social cost of carbon over the same
time. Over a 40-year period, the annual sequestration rate declines as trees mature. However,
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the social cost of carbon increases at a faster rate than the decline in sequestration, leading to
a growing average value of carbon sequestration over time. The prices and rates of
sequestration employed in this analysis provide the best representation of current conditions.
However, NVCA should consider revising this estimate periodically to account for changing
conditions. The average values used are $102 per ha, $140 per ha, and $121 per ha for
deciduous, coniferous, and mixed forests, respectively. For plantations and woodlots, the
value is assumed to be $121 per ha.

Figure 6.3-4. Comparison of carbon sequestration rates and average value per hectare
Drawing on recent literature examining the role of wetlands in sequestering carbon, a series of
sequestration rates were identified for different wetland ELC community types. In this case, the
ecological conditions of the studied wetlands were matched against the ELC communities in
the NVCA watershed. Data on rate of carbon sequestration were drawn from Mitsch et al.
(2013) and Bernal and Mitsch (2012). The rates of sequestration for each wetland type was
then determined based on the social cost of carbon as described above. The resulting average
value ranges from $169 per ha to $1,289 per ha depending on the wetland community type
(Table 6.3-8).
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Table 6.3-8. Wetland carbon sequestration annual values
ELC
Code

FEO
FES
FET
MAM
MAS
SWC
SWD
SWM
SWT
SAS
SAM
SAF

Sequestration
Tonnes C
per ha per
year
3.65
3.65
3.65
8.03
2.1
2.02
4.73
2.02
2.02
1.05
1.12
1.6

Estimated Value
Source
($ per ha)
Mitsch et al. (2013)
Mitsch et al. (2013)
Mitsch et al. (2013)
Mitsch et al. (2013)
Bernal and Mitsch (2012)
Bernal and Mitsch (2012)
Bernal and Mitsch (2012)
Bernal and Mitsch (2012)
Bernal and Mitsch (2012)
Bernal and Mitsch (2012)
Bernal and Mitsch (2012)
Bernal and Mitsch (2012)

586
586
586
1,289
337
324
759
324
324
169
180
257

Existing literature was used to establish sequestration rates for grasslands. Unfortunately,
limited research was found related to grasslands, particularly in an Ontario context. Previous
valuation reports conducted in Ontario drew on a study that estimated an average of 0.5
tonnes of carbon per ha per year (Smith et. al., 2001). More recent research suggests that
temperate grasslands can sequester anywhere from 0 to 8 tonnes of carbon per ha per year
(Jones and Donnelly, 2004). In western Canada, sequestration by grasslands averages about
0.19 tonnes of carbon per ha per year (Wang et. al., 2014). Given the uncertainty in the rate of
sequestration and lack of data for Southern Ontario ecosystems, for this report, a conservative
rate of 0.5 tonnes per ha per year was assumed. Using this rate, and the social cost of carbon
noted above, the value of grassland carbon sequestration was estimated at $80 per ha. This
value was applied to all grassland communities (ALO, TPO, TPS, CUS, CUM, and CUT).
Carbon sequestration values are summarized for all ELC community types in Table 6.3-9.
Overall, the total value of carbon sequestration service is estimated to be $29.7 million per
year.
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Table 6.3-9.Summary of carbon sequestration annual values by ELC community type
ELC Community Types

Terrestrial Ecosites
Coniferous Forest
Deciduous Forest
Mixed Forest
Open Tallgrass Prairie
Tallgrass Savannah
Tallgrass Woodland
Cultural Ecosites
Cultural Meadow
Cultural Meadow/Cultural
Plantation
Cultural Meadow/Cultural
Woodlot
Cultural Plantation
Cultural Savannah
Cultural Thicket
Cultural Meadow/Cultural
Thicket
Cultural Woodland
Wetland Ecosites
Open Fen
Shrub Fen
Treed Fen
Meadow Marsh
Meadow March/Shallow
Marsh
Shallow Marsh
Coniferous Swamp
Deciduous Swamp
Mixed Swamp
Thicket Swamp

Ecosystem Recovery Inc.

Code

Area
(ha)

Average Value
($ per ha per
year)

Carbon
Sequestration
Value ($ per
year)

FOC
FOD
FOM
TPO
TPS
TPW

1,497
69,434
4,187
58.8
1.5
11.4

102
140
121
80
80
121

152,687
9,720,735
506,570
4,707
120
1,378

CUM
CUM/CUP

6,178
54

80
80

494,277
4,301

CUM/CUW 65

80

5,212

CUP
CUS
CUT
CUT/CUM

10,618
866
1,135
124

121
80
80
80

1,284,788
69,275
90,813
9,934

CUW

778

121

94,131

FEO
FES
FET
MAM
MAM/MAS

17
205
18
662
16

586
586
586
1289
337

9,869
120,318
10,834
852,725
5,322

MAS
SWC
SWD
SWM
SWT

2,336
1,508
6,262
24,559
7,091

337
324
759
324
324

787,094
488,729
4,752,617
7,957,124
2,297,438
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Aquatic
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Code

Area
(ha)

Average Value
($ per ha per
year)

Carbon
Sequestration
Value ($ per
year)

SAF

1.5

257

396

SAS

9.3

169

1,570
29,722,965

6.3.7 Disturbance Regulation
Wetlands and other natural assets can play an important role in protecting human property by
regulating flood waters and erosion. These values can be determined by carefully assessing
the hydrology of individual subwatersheds and quantifying the level of anticipated flooding with,
and without, flood regulating land covers. Such flood and erosion profiles can be correlated
with the number of properties and other built infrastructure located within flood zones
downstream of regulated land covers. For example, Moudrak et al. (2017) modelled flooding
and the impact wetlands have on flooding in two southern Ontario pilot sites: one urban and
one rural. At the urban site, if wetlands were maintained relative to being replaced by
agriculture, flood damages were estimated to be $51.1 million (or 38%) lower. This modelled
scenario examined the loss of 540 ha of wetlands in Laurel Creek watershed for an average of
roughly $94,600 per ha in avoided damages. At the rural site, flood damages were estimated
to be $3.5 million (or 29%) lower. This modelled scenario examined the loss of 72.9 ha of
wetlands in the Credit River Watershed, for an average of roughly $48,000 per ha in avoided
damages. While this level of detail and hydrologic modelling was not within the scope of the
current study, the above examples provide a powerful illustration of the impact that wetlands
have in regulating flood waters and the value of avoided damages for southern Ontario.
A study of the benefits derived from the natural capital of Ontario’s Greenbelt provides further
evidence of the value of wetlands and other natural assets in reducing flood damages (Green
Analytics, 2016b). In this case, a meta-analysis of studies on the regulating services provided
by wetlands in agriculture landscapes was used to establish estimates of the value of wetlands
taking into account several dependent variables (e.g., area of wetland, population of
surrounding area, economic activity in the surrounding area). Using the resulting metaregression model, the value of flood control provided by wetlands designated as provincially
significant in the Greenbelt was estimated on a wetland by wetland basis. The average value
per ha of wetland was estimated to be $10,939. Based on the sum of each individual wetland
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value, the total value of protection of human property provided by all provincially significant
wetlands within the Greenbelt was estimated to be $224.35 M per year.
The NVCA watershed encompasses a number of wetlands that provide water regulating
services to its residents. The total area of wetlands within the study area is 42,673 ha of which
the Minesing wetland is the most significant at 7,008 ha.
6.3.8 Habitat and Refugia
The NVCA watershed provides important habitat for plants, animals, birds and reptiles. The
biodiversity of the region is enhanced by the assemblage of land covers present in the
watershed. While biodiversity itself is not an ecosystem service, the habitat created by the
land covers can be seen as an asset to the extent that individuals place value on the existence
and/or presence of particular species. The Great Lakes Monitoring Program provides evidence
of the importance of the area as a source of habitat for birds and frogs. According to data
collected by the monitoring program, despite a decline in wetlands, most marsh birds and frog
species occur at higher frequencies within the Nottawasaga Valley - Lake Simcoe watershed,
relative to more agriculture-dominated and more urban-dominated watersheds. The higher
frequency is attributed to the wetlands within the watershed being bigger and surrounded by
higher amounts of forest and wetland. The marshes within the Nottawasaga Valley - Lake
Simcoe watershed are considered healthy compared to most marshes in the rest of southern
Ontario (Tozer, 2016). Further evidence of the importance of the NVCA watershed to habitat is
demonstrated by the number of species at risk present within the study area. Currently there
are 29 birds (Table 6.3-10) and 12 herptiles (Table 6.3-11) at risk within the NVCA watershed.
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Table 6.3-10. Bird species at risk within the NVCA watershed
Birds
Acadian Flycatcher
Bald Eagle
Bank Swallow
Barn Swallow
Black Tern
Bobolink
Canada Warbler
Cerulean Warbler
Chimney Swift
Common Nighthawk
Eastern Meadowlark
Eastern Wood-pewee
Forster’s Tern
Golden-winged Warbler
Grasshopper Sparrow
King Rail
Least Bittern
Louisiana Waterthrush
Olive-sided Flycatcher
Piping Plover
Red-headed Woodpecker
Red-shouldered Hawk
Short-eared Owl
Eastern Whip-poor-will
Wood Thrush
Evening Grosbeak
Henslow’s Sparrow
Peregrine Falcon
END
SC
THR

Federal/Provincial Status
END/END
NS/SC
THR/THR
THR/THR
SC/SC
THR/THR
THR/SC
END/THR
THR/THR
SC/SC
THR/THR
SC/SC
DD/DD
THR/SC
SC/SC
END/END
THR/THR
THR/THR
THR/SC
END/END
THR/SC
SC/NS
SC/SC
THR/THR
THR/SC
SC/NS
END/END
SC/SC

Endangered
pecial Concern
Threatened

Ecosystem Recovery Inc.

Habitat
Deciduous swamp
Forest and treed swamp at lake edges
Bluffs near water
Buildings
Open marsh
Grassland
Deciduous and treed swamp
Forest and treed swamp
Buildings
Open gravel
Early successional areas
Forest
Open marsh
Thicket and thicket swamp
Grassland
Open marsh
Open marsh
Forest and deciduous or mixed swamp
Coniferous swamp
Sand beach
Treed Swamp
Forest and swamp
Grassland
Open Forest
Forest
Forest
Grassland
Cliffs and tall buildings
DD
NS
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Table 6.3-11. Herptile species at risk within the NVCA watershed
Herptiles
Jefferson Salamander
Western Chorus Frog
Blanding’s Turtle
Five-lined Skink
Eastern Hog-nosed Snake
Eastern Milksnake
Eastern Musk Turtle
Eastern Ribbonsnake
Massassauga
Midland Painted Turtle
Northern Map Turtle
Snapping Turtle
END
SC
THR

Endangered
pecial Concern
Threatened

Federal/Provincial Status
END/END
THR/NS
END/THR
SC/SC
THR/THR
SC/NS
SC/SC
SC/SC
THR/THR
SC/SC (recommended)
SC/SC
SC/SC

Habitat
Vernal pools in forest
Flooded thicket and thicket swamp
Open marsh and thicket swamp
Forest
Forest
Forest, thicket
Aquatic marsh and open water
Open marsh and thicket swamp
Open forest, rock barren
Aquatic marsh and open water
Aquatic marsh and open water
Aquatic marsh and open water
DD
NS

Data Deficient
Not Specified

6.3.9 Summary of the Value of Services Derived from Natural Assets within the NVCA
Watershed
The stock of natural assets within a region produce a flow of valuable goods and services over
time. Thirty-seven percent (37%) of the area within the NVCA watershed is characterized by
natural land cover. Of this, 50% of the land is deciduous forests and 18% is mixed swamp.
These and other natural assets within the study, result in a flow of services to residents in the
region from which humans derive significant benefits. Humans benefit from the provision of
important recreation services such as hunting and fishing, canoeing and kayaking, cycling and
mountain biking, hiking and birdwatching, and snowshoeing, snowmobiling and downhill skiing.
The natural assets within the study area also provide water supply services (valued at $75
million/year), pollination services (valued at $51 million to $126 million/year), gas regulation
services (valued at $3 million/year) and carbon sequestration services (valued at $30
million/year). While not valued as part of this study, the natural assets within NVCA jurisdiction
provide disturbance regulation services and habitat for birds and species at risk.
Like any asset, natural assets need to be carefully measured and managed to ensure a
sustainable supply of services. When natural assets are destroyed, or their ability to provide
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an ecosystem service is impaired or lost, the service must be replaced for people to continue
to derive the benefits that were provided by the natural system. In this regard, there is an
important role for local authorities to play in measuring and managing natural assets. Natural
asset management provides a framework for measuring and managing natural assets that is in
keeping with traditional asset management approaches. Natural asset management considers
the amount, value and state of natural assets and options for maintaining, increasing or
replacing those assets in the same way that built assets would be considered. The first step is
to inventory the natural assets of a region to understand the range of services that the assets
provide and how humans are benefiting from them. This chapter of the characterization report
provides an inventory of the natural assets within NVCA jurisdiction along with an overview of
the services derived from them. Further work is required to value recreation services,
disturbance regulation services and habitat and refugia. The condition of the natural assets
should also be established, identify ongoing maintenance requirements and strategic
opportunities to restore natural assets. Risks to the natural assets within NVCA jurisdiction
should also be explored and their implications for the services derived from the assets
examined.
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7 Linkages and Future Concerns
Linkages exist both within, and between, each of the natural, economic, and social
environments of the NVCA watershed area. The environmental linkages occur through the
intersection of the hydrosphere, lithosphere, and biosphere. The intersection between
environmental features and human activity provides resources to sustain life, leisure, and the
economy.
A summary of linkages identified through developing the characterization report include the
following:
Hydrosphere linkages:






Source areas for headwater streams tend to occur in the Niagara escarpment and
moraines
Groundwater provides drinking water to residents, supports wetland features, and
provides baseflow to watercourses; areas of groundwater recharge tend to coincide with
the Oak Ridges Moraine, Simcoe Uplands, Oro Moraine and Niagara Escarpment.
Drinking water is abstracted from groundwater, Georgian Bay (Collingwood) and Lake
Simcoe (Barrie) sources.
Watercourses enable the routing of water and sediment from land surfaces, provide
habitat for aquatic species, and provides water for irrigation of agricultural fields.
Watercourses provide for the assimilation of wastewater from treatment plants, enabling
municipalities to service existing and future urban areas.

Biosphere linkages:






The largest spawning population of Lake Sturgeon in southern Ontario, south of the
Canadian Shield, is supported within the lower and middle reaches of the Nottawasaga
River, extending up to 90 km inland.
The Nottawasaga River historically supported the largest population of wetland
spawning walleye in North America. This population has, however, declined since
1994.
The middle reach of the Nottawasaga River includes several important spawning areas
for lake sturgeon and supports smallmouth bass, northern pike, burbot, rainbow trout
and Chinook salmon. Thornton Creek, Egbert Creek and Bear Creek all provide high
quality coldwater stream habitats supporting native brook trout and migratory rainbow
trout.
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Various elements of physiography and surficial geology are associated with Ecodistricts
and plant communities that are extremely significant in Ontario including the Niagara
Escarpment, shallow bedrock areas in the Collingwood area, sandy lacustrine deposits
along Nottawasaga Bay, sand dunes inland at Wasaga Beach and poorly drained
lacustrine deposits associated with Minesing Wetlands.
Reptile and amphibian wildlife require wetlands and upland habitat during either
breeding or non-breeding parts of their life cycle. The highest diversity of these species
occurs in the northern parts of the watershed (encompassing Wasaga Beach Provincial
Park) where there are extensive wetlands, high topographic diversity, and sandy habitat.
Highly valuable wildlife habitat occurs in the northeastern portion of the watershed
where fragmentation due to roads, and other ecological barriers occur, in comparison to
other areas of the watershed.
The abundant wetlands and forests within the watershed provide habitat for substantial
diversity of birds of high conservation priority in Ontario; the wetlands and forests also
provide diversity for a high diversity of SAR.
Watershed forests that form a natural corridor/linkage extending from the Niagara
Escarpment north to the Canadian Shield and south to the Oak Ridges Moraine;
Animal movement corridors generally follow river valleys, with the most significant
nodes of habitat being represented by Wasaga Beach Provincial Park/Jack’s Lake
Provincially Significant Wetland, Minesing Wetlands and the Niagara Escarpment
The most significant features noted within the watershed are Minesing Wetlands and
Wasaga Beach Provincial Park and associated wetlands and forests to the south of the
park. The Minesing wetland is considered to be globally and provincially significant;
Wetlands mitigate effects of urban hydromodification and are important carbon
sequestration areas
Poor water quality has deteriorated aquatic habitat.

Lithosphere linkages:






The NVCA watershed contains physiographic and geological features that unique to
Ontario and which support ecological diversity.
The Oro Moraine provides groundwater to the Minesing Wetlands; other significant
headwater and groundwater recharge areas, including the Dundalk Till Plain,
Peterborough Drumlin Field and Simcoe Uplands;
Natural hazards within the NVCA’s watershed include flooding, shoreline, erosion and
unstable bedrock (karst)
Erosion and sediment loading along the NVCAs watercourses is attributed to livestock
access and human related activities (e.g., lack of buffers within agricultural landscapes)
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within the rural areas and as a result of no, or limited, stormwater management controls
in urban areas that pre-dated the requirement to provide stormwater measures to limit
downstream erosion.
Potential unstable valley slopes occur in the western portion of the NVCA watershed,
coinciding with the Niagara Escarpment and Horseshoe Moraines

Human land use and interactions with the environment:

















Agriculture (crop and livestock) is the dominant land use in the NVCA watershed (40%);
forest cover is the second largest land cover (25%), wetlands occupy 12% of the area
and urban land use represents less than 5% of the NVCA lands.
The majority of urban land use within NVCA jurisdiction is concentrated around
Georgian Bay, through Collingwood and Wasaga Beach areas and in the Barrie and
Alliston areas.
Nutrient (Phosphorus) runoff from agricultural fields and wastewater treatment plants
contributes to a deterioration of water quality and aquatic habitat. Excessive erosion
also leads to deterioration of water quality and aquatic habitat.
Elevated nutrient and sediment loading from both urban and rural land uses contribute
towards problems including abundant algae and aquatic plant growth and elevated
bacteria concentrations.
Water quality is best in headwater areas and deteriorates with distance downstream
along the Nottawasaga River.
Stream habitat is considered to be impaired or below potential along a substantial
portion of the drainage network.
Barriers and/or obstructions within the creeks (dams, beaver dams) create fish passage
constraints and aquatic habitat fragmentation.
Elimination of riparian habitat and destruction of in-stream physical habitat features
have adversely affected fisheries habitat.
Stormwater management measures are generally provided in the form of stormwater
management ponds that are situated in the more recently developed urban areas within
the watershed. In those areas of the NVCA watershed that were developed prior to the
requirements for water quantity, quality and erosion control, downstream erosion and
water quality/quantity issues often occur, which can be costly to repair / rehabilitate.
Stormwater management occurs through constructed facilities and, in other areas
through natural heritage features (wetlands).
Wastewater treatment facilities include centralized and decentralized systems; these
range from failing septic systems to thorough tertiary treatment plants. Insufficient
wastewater treatment leads to environmental and health impacts (e.g., aquatic
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environment, human health). Septic systems are the dominant mode of sewage
treatment (50 to 75 percent of families in the NVCA watershed are on private septic
systems).
Approximately 50 to 75 percent of families in the NVCA watershed draw water from
wells.
Based on 2016 Permit to Take Water data, surface water is the dominant source of
abstracted water principally for agricultural purposes and groundwater abstracted
predominantly for municipal use is the second dominant use.
Recreational areas are associated with specific environmental features including
Wasaga Beach (coastal/beach), ski hills (Niagara Escarpment), Bruce Trail (Niagara
Escarpment), canoeing and angling (Minesing Wetlands).
Humans benefit from the provision of important recreation opportunities such as hunting
and fishing, canoeing and kayaking, cycling and mountain biking, hiking and
birdwatching, and snowshoeing, snowmobiling and downhill skiing.
The natural assets within the NVCA watershed provide water supply services,
pollination services, greenhouse gas regulation services, and carbon sequestration
services.

The diverse physiography of the NVCA area supports agricultural land use and provides
numerous and varied recreational opportunities. Human use and development within the
watershed have created stresses on the natural environment (water quality, habitat, surface
water taking). In the context of future growth and climate change, it is imperative to develop a
management plan that enables the integration of the natural, social and economic
environments to promote resiliency and enable sustainable future use of natural resources.
Review of the ecological assets within the NVCA watershed clearly demonstrates the
economic value of the services that are derived from the natural assets. Protection and
restoration of natural assets will promote a healthy watershed for the future, and can offset
adverse effects associated with climate change and future growth.
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8 Summary and Recommendations
8.1

Introduction

The Nottawasaga Valley Conservation Authority (NVCA) is a public agency that is dedicated to
preserving a healthy environment within the approximately 3,700 km 2 of land area that is under
its jurisdiction. Through scientific and technical studies and ongoing watershed monitoring,
NVCA actively gathers information and develops understanding of the conditions and
processes that occur within its watershed. This understanding forms the basis for innovative
watershed management intended to protect, enhance and restore water and land, to protect
life and property from flooding and erosion, and to provide educational and recreational
opportunities for the public.
The natural environment within NVCA’s watershed supports diverse physical features and
ecological habitats. These provide many natural assets and services that sustain human life
and support the economy, and offer recreational opportunities. The impact of human activities
within the NVCA watershed has led to a deterioration of watershed elements (e.g., water
quality, aquatic habitat). With continued urban growth and climate change, the stress on the
natural environmental and natural resources will continue and may lead to further negative
impacts.
Through initiation of this updated Integrated Watershed Management Plan, the NVCA
continues to demonstrate its commitment to developing a planning tool intended to ensure that
the overall balance between human and economic needs, and the needs of the natural
environment, are maintained into the future.
8.2

Data Gaps

Through review of the numerous studies that the NVCA or its partners have undertaken,
insight into the conditions of the NVCA watershed was gained. This was enhanced by the
intimate knowledge and expertise that NVCA staff have of their watershed. Through the
review process, it became apparent that there are various data gaps which limited our
understanding and/or that provide an inadequate base from which environment-human
interactions can be assessed (e.g., flood hazards). For the purpose of this report, the gaps
have been identified, but not prioritized. That is, since there tends to be limited funding
available for studies and/or enhanced monitoring programs, expenditures should be focused
first on filling those gaps that support development of management strategies that are of
highest importance within the watershed, as part of the Integrated Watershed Management
Plan.
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Through the next steps of the IWMP process (See Section 1.1), the key issues and concerns
within the NVCA watershed will be identified and strategies developed that will mitigate effects
of climate change and urban growth. Once the strategies have been developed, then those
studies and monitoring activities that will enable implementation, management and monitoring
of the strategies will be identified and prioritized. Filling of all data gaps is anticipated to take
time and will benefit from the collaboration between the NVCA and its member municipalities,
along with provincial and federal agencies.
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Table 8.2-1. Identified data gaps
Data Gap
There appears to be potential for greater
integration of data from various sources for the
distribution of hydrostratigraphic units within the
watershed.
There is limited understanding of the extent and
spatial distribution of groundwater issues
throughout the NVCA watershed due to the
limited geographic distribution of the PGMN
network, notwithstanding the forthcoming OGS
3D block geological models.
The Mad River, Blue Mountain, Severn, and
Boyne subwatersheds lack PGWM groundwater
wells.

Ecosystem Recovery Inc.

Opportunity
Evaluate integrated data management
systems for their application to groundwater
data.

Impacted Characteristics
3.3 Groundwater

Integrate municipal groundwater monitoring
and NVCA data into a common
groundwater, partner accessible, monitoring
program.

3.9 Climate Change

3.4 Surface Water Quantity

Complete a SWOT evaluation of the NVCA
and PGMN groundwater monitoring program
as part of a 5 to 10 year forecasting window.
Consider undertaking a comprehensive
groundwater sensitivity assessment at the
subwatershed, or other suitable scale, that
involves indicators such as, but not limited
to, baseflow index, percentage of shallow
water wells, availability of deeper aquifers,
percentage of wetland cover, sceptic
systems, areas where groundwater quality is
poor, etc.
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Data Gap
It is unclear if there is an appropriate level of
coverage within the existing groundwater policy
to maintain, restore, and protect the hydrologic
function of groundwater systems.

Opportunity
Review existing groundwater policy to
ensure an adequate level of coverage is
provided within the NVCA watershed for the
maintenance, restoration and protection of
hydrologic function, among others.

Impacted Characteristics
3.3 Groundwater

Groundwater low water exposure analysis has
not been completed for all (sub) watersheds
where the historical groundwater low water
declaration periods are known and defined.

Additional groundwater low water exposure
analysis should be completed using the
25th, 10th, and 5th percentiles.

3.3 Groundwater

Future water takings demand and climate
variability have not been considered in water
supply management.

Ecological Land Classification (ELC) provides
the foundation for analysis of all other
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3.4 Surface Water Quantity

3.9 Climate Change
Building on the report, “Impact Assessment
of NVCA PGMN groundwater levels to
anticipated long-term climatic variation
sensitivity, NVCA” (May 2014), a climate
change impact assessment should be
completed using modelled surface water low
water levels as defined from the Ontario
Low Water Response Protocol. This should
be developed in consultation with the
MOECC.

Continue to update Ecological Land
Classification (ELC) within the watershed,
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Data Gap
components of biodiversity and must be
continually updated to remain current.

Opportunity
especially with regard to conversion of lowintensity agricultural land and successional
areas to urban and high-intensity agricultural
uses.

Impacted Characteristics

An understanding of connectivity (animal
movement) within the watershed could be
improved.

As the landscape changes, increasing an
understanding of connectivity could provide
knowledge that could lead to reduced road
mortality through implementation of wildlife
crossings and other mitigation for providing
connectivity and reducing fragmentation of
habitat.

3.7. Terrestrial
Environment

The usefulness and effectiveness of the existing
surface water quality, surface water quantity,
aquatic and terrestrial monitoring networks has
not been recently reviewed.

Complete a data gap analysis within the
existing monitoring networks.

3.4 Water Quantity

The monitoring and assessment efforts for
engineered and natural stormwater
management features does not appear to be
documented. The effectiveness of mitigation

Ecosystem Recovery Inc.

3.5 Water Quality
Conduct a SWOT analysis of monitoring
3.6 Aquatic Environment
networks to assess if they provide data to
answer the questions needed regarding
impacts of land use change, climate change, 3.7 Terrestrial Environment
SAR vulnerability.
3.8 Climate Change
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Data Gap
measures implemented through development
activity is not well understood.

Opportunity
Monitor compliance and effectiveness of
mitigation implemented in the course of
development within the watershed.

Impacted Characteristics

Ecological, water quality and water quantity data Provide a readily available ecological data
are not in a readily accessible/use-friendly
repository in a user-friendly format (e.g.
format.
databases, web-based open data).

Subwatershed studies have not been completed
for the following subwatersheds:









Lower Nottawasaga River;
Blue Mountains subwatersheds (Black
Ash Creek Severn Sound Watershed
complete);
Middle Nottawasaga River;
Upper Nottawasaga River;
Boyne River;
Pine River; and
Mad River.

Initiate new subwatershed studies as
relevant to informing management plans for
the subwatersheds.

All Characteristics

Undertake subwatershed study updates
where studies have previously occurred and
are outdated.

Previously completed subwatershed studies
may be outdated.
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Surface water hydrologic and hydraulic models
for the purpose of watershed and subwatershed
management (existing studies and those under
development) may not have included the
necessary best practice model validation
requirements.
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Opportunity
Updates to surface water hydrologic and
hydraulic models for the purpose of a
watershed study, subwatershed studies,
flood risk assessments and floodplain
mapping should consider:


Climate change scenarios have not been
incorporated into watershed / subwatershed /
damage center hydrologic models. NVCA
currently adopts the unadjusted Timmins storm
with 0.3m of freeboard for flood proofing to allow
for uncertainties.
Updated existing land use and future land use
scenarios have not been incorporated into
watershed / subwatershed hydrologic models.
Watershed and subwatershed hydrologic and
hydraulic models do not reflect implementation
of the draft MOECC LID Stormwater
Management Guidelines.
The flood risk mitigation benefits of natural
wetland features within the watershed and their
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Impacted Characteristics
All Characteristics

Best practices for hydrologic and
hydraulic modelling and model
validation.
Climate change should be
incorporated through studies to
identify trends in rainfall peak timing,
intensity and frequency.
The effects of updated existing and
future land use scenarios.
Incorporation of LID SWM measures
developed conjunction with the soon
to be released MOECC LID
Stormwater management guideline.
Further work to examine how dams,
natural wetland features, and
stormwater management facilities
might provide resiliency to climate
change.
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Opportunity

Impacted Characteristics

The number, location, and status of privately
owned and operated dams and their inherent
climate change resiliency is unknown.
The potential for the NVCA owned and operated
dams to be considered as structures to provide
flood and erosion control storage for climate
change resiliency has not been evaluated.

Dam Safety Review (DSR) may require updates
to remain compliant with MNR policy.
The NVCA have completed flood risk
assessments for flood damage centers
understood to be of the highest priority. The
NVCA has also recently commenced flood risk
assessments for additional flood damage
centers impacted by flooding on June 23, 2017.

Ecosystem Recovery Inc.

Review status of DSRs and potential for
scoped studies to remain compliant with
MNR policy.
Provide or develop a readily available
watershed wide characterization of existing
and future flood risk.

5.3 Natural Hazards

3.4 Surface Water Quantity
5.3 Natural Hazards

Provide or develop a transparent process for
the prioritization of flood risk assessments,
including the development of flood damage
mitigation strategies.
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Data Gap
The NVCA process for identification of flood
damage centres and their prioritization for flood
risk assessment is unclear.

There is potential for improving emergency
preparedness through more accurate and timely
flood forecasting, dissemination of information
and real-time flood warnings. Emergency
preparedness is relevant in the context of
climate change and future growth implications
on watershed hydrology.
Consistent with the potential described above,
NVCA had implemented the WISKI flood
forecasting model aligning them with other
Conservation Authorities and the Province.
Unfortunately, this initiative could not continue
due to budget limitations.

An inventory of existing septic systems does not
appear to exist which would provide insight into
the location, age, condition, and potential of
connecting these systems to treatment plants.
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Opportunity

As NVCA updates the watershed and
subwatershed hydrologic models,
consideration should be made for potential
integration of real time data and a flood
forecasting model.

Impacted Characteristics

3.6 Surface Water Quantity
5.3 Natural Hazards

Seek additional funding for the
implementation of WISKI consistent with
other Conservation Authorities and the
Province.

Complete an inventory of existing septic
systems to determine:

3.5 Water Quality
5.6 Wastewater
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Data Gap






Consolidation of wastewater servicing
Masterplans and Environmental Assessments
completed by Counties has not occurred, which
would enable improved coordination of
wastewater management.

Consolidation of wastewater servicing
Masterplans and Environmental
Assessments completed by municipalities
and counties. Determination of:






Ecosystem Recovery Inc.

Opportunity
The potential to connect septic
systems to a secondary or tertiary
treatment plant;
Contamination and septage and
sewage spreading;
The number, condition and location of
septic systems in the watershed; and
The number of failing septic systems
in the watershed.

Impacted Characteristics

3.5 Water Quality
5.6 Wastewater

Level of treatment;
Planned upgrades;
Potential for incorporation of septic
systems;
Consideration of climate change in
modelling; and
Update to CANWET water quality
modelling.
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The status of the completed CANWET water
quality modelling is not clear and whether the
model appropriately represents the NVCA
watershed should be reviewed. Likewise,
confirmation of target loads should be confirmed
based on more recent water quality monitoring
data.
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Opportunity
A peer review of the completed modeling
and recommendations could be undertaken
to inform future management decisions. The
peer review could include but not be limited
to:










Ecosystem Recovery Inc.

The feasibility and effectiveness of
agricultural, urban and wastewater
BMP options as identified in the
CANWET water quality model.
The appropriate representation of
NVCA watershed conditions should
be reviewed with respect to the
CANWET input data.
The preliminary target loads
developed in CANWET water quality
model reviewed in the context of
additional water quality monitoring
data, better defined BMP options,
and improved land use data.
Analysis of the potential impact of
climate change on the CANWET
water quality modeling.
The effect on aquatic habitat and
surface water quality, as inferred from
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Data Gap

Specific habitat restoration strategies have not
been prepared for:




Opportunity
any potential updated model results
should be reviewed in the context of
wastewater assimilation.

Impacted Characteristics

Habitat restoration strategies should be
developed.

3.6 Aquatic Environment

Restoration strategies should be developed
to guide restoration efforts in the future.

3.6 Aquatic Environment

A watershed wide study of the function and
impact of privately operated dams should be
developed to guide restoration and
enhancement efforts in the future.

3.6 Aquatic Environment

Core fish;
Migrating fish (Rainbow Trout, Brown
Trout, Chinook Salmon); and
Resident Brook Trout.

Restoration strategies have not been prepared
for all watercourses and lakes within the NVCA
watershed that are consistent with the
protection, enhancement and restoration of
warmwater, and coldwater fisheries habitat.
The function of privately operated dams from an
operational standpoint and their impact on fish
passage and stream temperature has not been
examined.
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Data Gap
The implementation status of programs to
address the Climate Change Strategy and
Action Plan – Milestone 3 is unknown.
A detailed hydraulic assessment of existing dyke
structures has not been completed to confirm
the existing flood conditions in the vicinity of the
dykes, with consideration for adaption to climate
change, the level of protection provided and the
residual flood risk up to the updated regulatory
flood elevation.
A comprehensive condition assessment of the
dyke structures to characterize the composition
and stability of the structures has not recently
been completed

Integrated Watershed Management Plan: Characterization
Report
Opportunity
A status update should be provided every
two years for the implementation of the
Climate Change Strategy – Action Plan.
Complete detailed hydraulic assessment of
existing dyke structures.

Impacted Characteristics
3.9 Climate Change

5.3 Natural Hazards

Complete a comprehensive condition
assessment of the dyke structures.
Further to the NVCA dyke structural stability
inspection recommendations and subject to
flood risk identified in any hydraulic
assessment as described above, it may be
prudent to complete a more comprehensive
condition assessment of the dyke structures
to characterize the composition and stability
of the structures.
A comprehensive condition assessment
could include a geotechnical investigation
comprising of boreholes, environmental soil
sampling, detailed field observations, and
the installation of monitoring wells to monitor
groundwater in terms of seasonal flood
condition.
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Data Gap
An inventory of the extent and location of
erosion concerns along NVCA watercourses,
particularly as they may contribute to water
quality concerns, has not been completed.
Likewise, the effectiveness of remedial
measures is unknown.

Opportunity
Conduct an inventory of erosion hazards
throughout NVCA subwatersheds and
erosion conditions. This could include high
level screening followed up by field
confirmation to areas of high sediment
loading into the watercourses which would
form the basis of management strategies
along the creek corridor
The extent of low impact development measure A consolidated inventory / data base of
implementation within municipalities and the
existing and planned stormwater
development industry in the NVCA watershed is management features, including
unknown and would be beneficial to guide future maintenance cycles for ponds and other
stormwater management strategies and
infrastructure should be compiled.
guideline updates.
This inventory / data base would facilitate
An inventory/database of existing and planned
understanding of the extent of existing
stormwater management features and their
development with no stormwater
maintenance cycles does not appear to exist.
management controls and the potential for
This type of database likewise does not appear
future stormwater management retrofits.
to exist for other infrastructure.
Consider natural and engineered
Opportunities for stormwater retrofit projects
stormwater management features together
have not been identified on subwatershed or
in making future recommendations and
watershed scale.
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3.5 Water Quality
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Data Gap
The NVCA Stormwater Guidelines predates the
development of the draft MOECC LID
Stormwater Management Guidelines.
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Opportunity
prioritizing site for retrofits and/or wetland
preservation/creation projects.

Impacted Characteristics

Consider a peer review of the NVCA
Stormwater Management Guidelines
following finalization of the MOECC draft
LID Stormwater Management Guidelines.
The peer review should consider
recommendations for the incorporation of
Total Phosphorus reduction targets.
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Next Steps

Developing an Integrated Watershed Management Plan is a collaborative process between the
NVCA, its member municipalities, and stakeholders. The Characterization Report represents
Task 1 of the IWMP process outlined in Section 1.2; it establishes an understanding of the
watershed from the perspective of the environment, the economy, and society. This will be
supplemented and updated through the consultation process to provide the base level
understanding from which watershed issues that exist now, and/or could become issues in the
context of climate change and future growth, will be identified.
It is expected that as the IWMP process moves forward into identifying watershed issues (Task
2) and developing strategies (Task 3), that additional aspects of watershed characterization will
be documented and data gaps identified. Consideration of new information and understanding
throughout the IWMP process is important to ensure that recommendations are relevant and
appropriate to managing and monitoring the impacts to the NVCA watershed that result from
climate change and future growth, and ensuring continued availability of natural asset services
in supporting human health and activity.
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APPENDIX A
Birds Derived from the BBA (2001-2005)
Common_Name

Scientific_Name

S_Rank COSEWIC COSSARO Simcoe

#
%
Squares Squares

Canada Goose

Branta canadensis

S5

52

98.1%

Mute Swan

Cygnus olor

SNA

2

3.8%

Trumpeter Swan

Cygnus buccinator

S4

14

26.4%

Wood Duck

Aix sponsa

S5

L4

44

83.0%

Gadwall

Mareca strepera

S4

L3

4

7.5%

American Wigeon

Mareca americana

S4

L3

6

11.3%

American Black Duck

Anas rubripes

S4

L2

25

47.2%

Mallard

Anas platyrhynchos

S5

52

98.1%

Blue-winged Teal

Spatula discors

S4

30

56.6%

Northern Shoveler

Spatula clypeata

S4

7

13.2%

Northern Pintail

Anas acuta

S5

4

7.5%

Green-winged Teal

Anas crecca

S4

7

13.2%

Redhead

Aythya americana

S2B,S4N

2

3.8%

Ring-necked Duck

Aythya collaris

S5

L3

8

15.1%

Lesser Scaup

Aythya affinis

S4

L3

1

1.9%

Hooded Merganser

Lophodytes cucullatus S5B,S5N

L4

17

32.1%

Common Merganser

Mergus merganser

S5B,S5N

15

28.3%

Red-breasted Merganser

Mergus serrator

S4B,S5N

7

13.2%

Ruddy Duck

Oxyura jamaicensis

S4B,S4N

2

3.8%

Ring-necked Pheasant

Phasianus colchicus

SNA

10

18.9%

Gray Partridge

Perdix perdix

SNA

1

1.9%

Ruffed Grouse

Bonasa umbellus

S4

47

88.7%

NAR

L2

L4

L3

Common_Name

Scientific_Name

S_Rank COSEWIC COSSARO Simcoe

#
%
Squares Squares

Wild Turkey

Meleagris gallopavo

S5

48

90.6%

Common Loon

Gavia immer

S5B,S5N NAR

L2

14

26.4%

Pied-billed Grebe

Podilymbus podiceps S4B,S4N

L2

12

22.6%

6

11.3%

L1

19

35.8%

L1

7

13.2%

Double-crested Cormorant Phalacrocorax auritus S5B

NAR

American Bittern

Botaurus lentiginosus S4B

Least Bittern

Ixobrychus exilis

S4B

Great Blue Heron

Ardea herodias

S4

34

64.2%

Great Egret

Ardea alba

S2B

2

3.8%

Green Heron

Butorides virescens

S4B

40

75.5%

Black-crowned Nightheron

Nycticorax nycticorax S3B,S3N

L1

4

7.5%

Turkey Vulture

Cathartes aura

S5B

L3

47

88.7%

Osprey

Pandion haliaetus

S5B

L2

16

30.2%

Bald Eagle

Haliaeetus
leucocephalus

S2N,S4B NAR

1

1.9%

Northern Harrier

Circus cyaneus

S4B

NAR

L4

40

75.5%

Sharp-shinned Hawk

Accipiter striatus

S5

NAR

L2

30

56.6%

Cooper's Hawk

Accipiter cooperii

S4

NAR

L3

29

54.7%

Northern Goshawk

Accipiter gentilis

S4

NAR

L2

14

26.4%

Red-shouldered Hawk

Buteo lineatus

S4B

NAR

L1

17

32.1%

Broad-winged Hawk

Buteo platypterus

S5B

L2

30

56.6%

Red-tailed Hawk

Buteo jamaicensis

S5

50

94.3%

American Kestrel

Falco sparverius

S4

49

92.5%

Merlin

Falco columbarius

S5B

NAR

3

5.7%

Peregrine Falcon

Falco peregrinus

S3B

SC

1

1.9%

THR

THR

L4

SC

NAR
L2

SC

Common_Name

Scientific_Name

S_Rank COSEWIC COSSARO Simcoe

#
%
Squares Squares

King Rail

Rallus elegans

S2B

L1

1

1.9%

Virginia Rail

Rallus limicola

S5B

L1

27

50.9%

Sora

Porzana carolina

S4B

L1

24

45.3%

Common Gallinule

Gallinula galeata

S4B

L4

4

7.5%

American Coot

Fulica americana

S4B

NAR

L1

6

11.3%

Sandhill Crane

Grus canadensis

S5B

NAR

9

17.0%

Piping Plover

Charadrius melodus

S1B

END

1

1.9%

Killdeer

Charadrius vociferus

S5B,S5N

53

100%

Spotted Sandpiper

Actitis macularius

S5

L3

41

77.4%

Upland Sandpiper

Bartramia longicauda S4B

L2

24

45.3%

Wilson's Snipe

Gallinago delicata

S5B

L2

37

69.8%

American Woodcock

Scolopax minor

S4B

L4

42

79.2%

Wilson's Phalarope

Phalaropus tricolor

S3B

1

1.9%

Great Black-backed Gull

Larus marinus

S2B

1

1.9%

Ring-billed Gull

Larus delawarensis

S5B,S4N

8

15.1%

Herring Gull

Larus argentatus

S5B,S5N

11

20.8%

Common Tern

Sterna hirundo

S4B

NAR

6

11.3%

Forster's Tern

Sterna forsteri

S2B

DD

1

1.9%

Black Tern

Chlidonias niger

S3B

NAR

6

11.3%

Rock Pigeon

Columba livia

SNA

52

98.1%

Mourning Dove

Zenaida macroura

S5

53

100%

Black-billed Cuckoo

Coccyzus
erythropthalmus

S5B

41

77.4%

Yellow-billed Cuckoo

Coccyzus americanus S4B

9

17.0%

END

END

END

L1

L4

L1

L2

Common_Name

Scientific_Name

S_Rank COSEWIC COSSARO Simcoe

#
%
Squares Squares

Eastern Screech-owl

Megascops asio

S4

44

83.0%

Great Horned Owl

Bubo virginianus

S4

32

60.4%

Barred Owl

Strix varia

S5

L1

20

37.7%

Long-eared Owl

Asio otus

S4

L1

3

5.7%

Short-eared Owl

Asio flammeus

S2N,S4B SC

L1

3

5.7%

Northern Saw-whet Owl

Aegolius acadicus

S4

L1

6

11.3%

Common Nighthawk

Chordeiles minor

S4B

SC

SC

L1

23

43.4%

Eastern Whip-poor-will

Antrostomus
vociferus

S4B

THR

THR

L2

14

26.4%

Chimney Swift

Chaetura pelagica

S4B,S4N THR

THR

20

37.7%

Ruby-throated
Hummingbird

Archilochus colubris

S5B

51

96.2%

Belted Kingfisher

Megaceryle alcyon

S4B

51

96.2%

14

26.4%

8

15.1%

50

94.3%

Red-headed Woodpecker Melanerpes
erythrocephalus

S4B

NAR

SC

L3

END

SC

L1

Red-bellied Woodpecker

Melanerpes carolinus S4

Yellow-bellied Sapsucker

Sphyrapicus varius

S5B

Downy Woodpecker

Picoides pubescens

S5

53

100%

Hairy Woodpecker

Picoides villosus

S5

53

100%

Northern Flicker

Colaptes auratus

S4B

53

100%

Pileated Woodpecker

Dryocopus pileatus

S5

L2

50

94.3%

Olive-sided Flycatcher

Contopus cooperi

S4B

SC

SC

L1

6

11.3%

Eastern Wood-pewee

Contopus virens

S4B

SC

SC

53

100%

Acadian Flycatcher

Empidonax virescens S2S3B

END

END

1

1.9%

Alder Flycatcher

Empidonax alnorum

46

86.8%

S5B

L1

L3

Common_Name

Scientific_Name

S_Rank COSEWIC COSSARO Simcoe

#
%
Squares Squares

Willow Flycatcher

Empidonax traillii

S5B

38

71.7%

Least Flycatcher

Empidonax minimus

S4B

L4

50

94.3%

Eastern Phoebe

Sayornis phoebe

S5B

L3

53

100%

Eastern Kingbird

Tyrannus tyrannus

S4B

L3

53

100%

Great Crested Flycatcher

Myiarchus crinitus

S4B

53

100%

Yellow-throated Vireo

Vireo flavifrons

S4B

8

15.1%

Blue-headed Vireo

Vireo solitarius

S5B

24

45.3%

Warbling Vireo

Vireo gilvus

S5B

53

100%

Red-eyed Vireo

Vireo olivaceus

S5B

53

100%

Blue Jay

Cyanocitta cristata

S5

53

100%

American Crow

Corvus
brachyrhynchos

S5B

53

100%

Common Raven

Corvus corax

S5

26

49.1%

Horned Lark

Eremophila alpestris

S5B

L4

42

79.2%

Purple Martin

Progne subis

S4B

L2

14

26.4%

Tree Swallow

Tachycineta bicolor

S4B

53

100%

Northern Rough-winged
Swallow

Stelgidopteryx
serripennis

S4B

36

67.9%

Bank Swallow

Riparia riparia

S4B

43

81.1%

Cliff Swallow

Petrochelidon
pyrrhonota

S4B

41

77.4%

Barn Swallow

Hirundo rustica

S4B

L4

53

100%

Black-capped Chickadee

Poecile atricapillus

S5

L4

53

100%

Red-breasted Nuthatch

Sitta canadensis

S5

L3

47

88.7%

51

96.2%

White-breasted Nuthatch Sitta carolinensis

S5

L3
THR

THR

L2
L4

THR

THR

Common_Name

Scientific_Name

S_Rank COSEWIC COSSARO Simcoe

#
%
Squares Squares

Brown Creeper

Certhia americana

S5B

32

60.4%

Carolina Wren

Thryothorus
ludovicianus

S4

2

3.8%

House Wren

Troglodytes aedon

S5B

53

100%

Winter Wren

Troglodytes hiemalis S5B

L3

50

94.3%

Sedge Wren

Cistothorus platensis S4B

L1

13

24.5%

Marsh Wren

Cistothorus palustris

S4B

L2

16

30.2%

Golden-crowned Kinglet

Regulus satrapa

S5B

L3

19

35.8%

Ruby-crowned Kinglet

Regulus calendula

S4B

L4

2

3.8%

Blue-gray Gnatcatcher

Polioptila caerulea

S4B

10

18.9%

Eastern Bluebird

Sialia sialis

S5B

L1

46

86.8%

Veery

Catharus fuscescens

S4B

L3

53

100%

Swainson's Thrush

Catharus ustulatus

S4B

L4

8

15.1%

Hermit Thrush

Catharus guttatus

S5B

L2

32

60.4%

Wood Thrush

Hylocichla mustelina

S4B

L4

52

98.1%

American Robin

Turdus migratorius

S5B

53

100%

Gray Catbird

Dumetella
carolinensis

S4B

L4

53

100%

Northern Mockingbird

Mimus polyglottos

S4

L1

9

17.0%

Brown Thrasher

Toxostoma rufum

S4B

L1

50

94.3%

European Starling

Sturnus vulgaris

SNA

53

100%

Cedar Waxwing

Bombycilla cedrorum S5B

53

100%

Blue-winged Warbler

Vermivora cyanoptera S4B

16

30.2%

Golden-winged Warbler

Vermivora
chrysoptera

18

34.0%

S4B

L2

NAR

NAR

THR

SC

L1
THR

L1

Common_Name

Scientific_Name

S_Rank COSEWIC COSSARO Simcoe

Hybrid Warbler (Golden x Vermivora spp.
Blue -winged)
L2

#
%
Squares Squares
2

3.8%

49

92.5%

Nashville Warbler

Oreothlypis ruficapilla S5B

Northern Parula

Setophaga americana S4B

8

15.1%

Yellow Warbler

Setophaga petechia

S5B

53

100%

Chestnut-sided Warbler

Setophaga
pensylvanica

S5B

L1

51

96.2%

Magnolia Warbler

Setophaga magnolia

S5B

L1

31

58.5%

Black-throated Blue
Warbler

Setophaga
caerulescens

S5B

L2

30

56.6%

Yellow-rumped Warbler

Setophaga coronata

S5B

L3

48

90.6%

Black-throated Green
Warbler

Setophaga virens

S5B

L2

47

88.7%

Blackburnian Warbler

Setophaga fusca

S5B

L2

25

47.2%

Pine Warbler

Setophaga pinus

S5B

L3

44

83.0%

Cerulean Warbler

Setophaga cerulea

S3B

L1

4

7.5%

Black-and-white Warbler

Mniotilta varia

S5B

L3

52

98.1%

American Redstart

Setophaga ruticilla

S5B

L2

52

98.1%

Ovenbird

Seiurus aurocapilla

S4B

L4

53

100%

Northern Waterthrush

Parkesia
noveboracensis

S5B

L2

45

84.9%

Louisiana Waterthrush

Parkesia motacilla

S3B

4

7.5%

Mourning Warbler

Geothlypis
philadelphia

S4B

49

92.5%

Common Yellowthroat

Geothlypis trichas

S5B

53

100%

Hooded Warbler

Setophaga citrina

S4B

1

1.9%

END

THR

THR

THR

L1
L2

NAR

Common_Name

Scientific_Name

S_Rank COSEWIC COSSARO Simcoe

Canada Warbler

Cardellina canadensis S4B

Scarlet Tanager

Piranga olivacea

Eastern Towhee

THR

L2

27

50.9%

S4B

L2

45

84.9%

Pipilo
erythrophthalmus

S4B

L2

38

71.7%

Chipping Sparrow

Spizella passerina

S5B

53

100%

Clay-colored Sparrow

Spizella pallida

S4B

L1

20

37.7%

Field Sparrow

Spizella pusilla

S4B

L4

46

86.8%

Vesper Sparrow

Pooecetes gramineus S4B

L3

47

88.7%

Savannah Sparrow

Passerculus
sandwichensis

S4B

L2

52

98.1%

Grasshopper Sparrow

Ammodramus
savannarum

S4B

SC

SC

L3

32

60.4%

Henslow's Sparrow

Ammodramus
henslowii

SHB

END

END

L1

1

1.9%

Song Sparrow

Melospiza melodia

S5B

53

100%

Swamp Sparrow

Melospiza georgiana

S5B

L2

49

92.5%

White-throated Sparrow

Zonotrichia albicollis

S5B

L2

50

94.3%

Dark-eyed Junco

Junco hyemalis

S5B

L3

10

18.9%

Northern Cardinal

Cardinalis cardinalis

S5

51

96.2%

Rose-breasted Grosbeak

Pheucticus
ludovicianus

S4B

52

98.1%

Indigo Bunting

Passerina cyanea

S4B

53

100%

Dickcissel

Spiza americana

SNA

1

1.9%

Bobolink

Dolichonyx oryzivorus S4B

52

98.1%

Red-winged Blackbird

Agelaius phoeniceus

S4

53

100%

Eastern Meadowlark

Sturnella magna

S4B

52

98.1%

THR

THR

SC

#
%
Squares Squares

THR

THR

L3

L3

Common_Name

Scientific_Name

S_Rank COSEWIC COSSARO Simcoe

#
%
Squares Squares

Western Meadowlark

Sturnella neglecta

S3B

2

3.8%

Brewer's Blackbird

Euphagus
cyanocephalus

S4B

1

1.9%

Common Grackle

Quiscalus quiscula

S5B

53

100%

Brown-headed Cowbird

Molothrus ater

S4B

52

98.1%

Orchard Oriole

Icterus spurius

S4B

4

7.5%

Baltimore Oriole

Icterus galbula

S4B

53

100%

Purple Finch

Haemorphous
purpureus

S4B

41

77.4%

House Finch

Haemorhous
mexicanus

SNA

46

86.8%

Red Crossbill

Loxia curvirostra

S4B

1

1.9%

White-winged Crossbill

Loxia leucoptera

S5B

2

3.8%

Pine Siskin

Spinus pinus

S4B

6

11.3%

American Goldfinch

Spinus tristis

S5B

L3

53

100%

Evening Grosbeak

Coccothraustes
vespertinus

S4B

L4

6

11.3%

House Sparrow

Passer domesticus

SNA

52

98.1%

L2

L4

L2

L4

SC

Possible additions to breeding birds derived from Ebird data May 15-Jul15, 2006-2017
Common Name
Yellow-bellied Flycatcher
Philadelphia Vireo
Tennessee Warbler
Cape May Warbler
Prairie Warbler
Bay-breasted Warbler
Kentucky Warbler
Wilson's Warbler
Lincoln's Sparrow
Yellow-headed Blackbird
Rusty Blackbird

Scientific Name
Empidonax
flaviventris
Vireo
philadelphicus
Oreothlypis
peregrina
Setophaga
tigrina
Setophaga
discolor
Setophaga
castanea
Geothlypis
formosa
Cardellina
pusilla
Melospiza
lincolnii
Xanthocephalus
xanthocephalus
Euphagus
carolinus

S Rank
S5B

COSEWIC COSSARO

Simcoe

NAR

L2

S5B
S5B
S5B
S3B
S5B

L3

SNA
S4B
S5B
S2B
S4B

SC

Common_Name

Scientific_Name

S_Rank

COSEWIC

Mudpuppy

Necturus maculosus

S4

NAR

Red-spotted Newt

Notophthalmus viridescens
viridescens

Blue-spotted Salamander

Ambystoma laterale

COSSARO

# Squares

% Squares

5

9.4%

S5

20

37.7%

S4

5

9.4%

Jefferson X Blue-spotted
Salamander, Unknown
Genome dominates

Ambystoma jeffersonianum- S?
laterale

5

9.4%

Spotted Salamander

Ambystoma maculatum

S4

11

20.8%

Eastern Red-backed
Salamander

Plethodon cinereus

S5

28

52.8%

Four-toed Salamander

Hemidactylium scutatum

S4

3

5.7%

American Toad

Anaxyrus americanus

S5

50

94.3%

Gray Treefrog

Hyla versicolor

S5

42

79.2%

Spring Peeper

Pseudacris crucifer

S5

48

90.6%

Western Chorus Frog (Great
Lakes/ St. Lawrence
population)

Pseudacris maculata

S3

23

43.4%

American Bullfrog

Lithobates catesbeianus

S4

19

35.8%

Green Frog

Lithobates clamitans

S5

45

84.9%

Mink Frog

Lithobates septentrionalis

S5

21

39.6%

Northern Leopard Frog

Lithobates pipiens

S5

NAR

43

81.1%

Pickerel Frog

Lithobates palustris

S4

NAR

10

18.9%

Wood Frog

Lithobates sylvaticus

S5

36

67.9%

Snapping Turtle

Chelydra serpentina

S3

SC

SC

46

86.8%

Blanding's Turtle

Emydoidea blandingii

S3

END

THR

11

20.8%

Midland Painted Turtle

Chrysemys picta marginata

S4

SC

31

58.5%

Northern Map Turtle

Graptemys geographica

S3

SC

8

15.1%

Pond Slider

Trachemys scripta

SNA

4

7.5%

NAR

THR

NAR

SC

Common Five-lined Skink
(Southern Shield population)

Plestiodon fasciatus pop. 2

S3

SC

DeKay's Brownsnake

Storeria dekayi

S5

NAR

Eastern Gartersnake

Thamnophis sirtalis sirtalis

S5

Eastern Hog-nosed Snake

Heterodon platirhinos

S3

THR

Eastern Milksnake

Lampropeltis triangulum

S4

Eastern Ribbonsnake

Thamnophis sauritus

Northern Watersnake

3

5.7%

5

9.4%

36

67.9%

THR

5

9.4%

SC

NAR

34

64.2%

S4

SC

SC

2

3.8%

Nerodia sipedon sipedon

S5

NAR

12

22.6%

Red-bellied Snake

Storeria occipitomaculata

S5

24

45.3%

Ring-necked Snake

Diadophis punctatus

S4

4

7.5%

Smooth Greensnake

Opheodrys vernalis

S4

6

11.3%

3

5.7%

Massasauga (Great Lakes / St. Sistrurus catenatus pop. 1
Lawrence population)

S3

THR

SC

THR

