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3.3 Life 

3.3.1 Fisheries and Aquatic Habitat 
 
The aquatic habitat in a stream and the health of the fishery within it are largely influenced by 
numerous variables, including:  

Flow and sediment regimes; 
Water quality and quantity; 
Land use and land cover (including wetlands and riparian habitats); 
Local climate, geography, physiography and surficial geology. 

While these topics are discussed in other sections of the Plan (2002) and this addendum, the 
relationship and relevance of these variables to fisheries and aquatic habitat will be addressed 
here.  The fisheries and aquatic information provided in the Plan (2002) provides excellent 
background information and is important in assessing change and trends in this resource over 
time.   Yet due to rapid urbanization of the watershed, collection of additional field data, 
updated methodologies and mapping, changes in Provincial and Regional planning and growth 
objectives (including key provincial planning legislation) and the preparation of CLOCA’s 
Fisheries Management Plan and Aquatic Resource Management Plan for Oshawa Creek, 
revisiting the fisheries section of the Plan (2002) is needed.   
 
Under section 35 of the Fisheries Act, CLOCA has a Level 3 agreement with the Department of 
Fisheries and Oceans Canada (DFO) to review development proposals including Municipal Class 
Environmental Assessment (EA) projects.  In this agreement, CLOCA conducts initial reviews on 
projects to determine if there will be an impact to fish and fish habitat. If impacts are likely, 
CLOCA will determine if and how the proponent can mitigate potential impacts.  If potential 
impacts can be mitigated, the Authority will issue a Letter of Advice.  If impacts to fish and fish 
habitat cannot be fully mitigated, the Authority works with the proponent and DFO to prepare a 
fish habitat compensation plan, at which time the project is forwarded to the local DFO office 
for authorization under the Fisheries Act. 

In addition to Fisheries Act requirements, the Authority works to protect hazard lands such as 
floodways, erodible or unstable soils, and watercourses and wetlands through the Conservation 
Authorities Act and Ontario Regulation #42/06.  This regulation identifies those areas where a 
permit would be required prior to work taking place within a floodplain or regulated area.  
Potential impacts to fisheries and aquatic habitat as a result of proposed works is reviewed. This 
includes consideration of construction timing windows for in-water works.  These timing 
windows are established by MNR and are based upon the sensitive life history stages (e.g. 
migration, spawning and rearing) for warm and cold water species.     

With the exception of biological water quality (discussed in Section 3.2.4.3), and desktop 
analyses which utilize Geographic Information System (GIS) software and finer resolution data, 
the methodologies used to assess fish communities and aquatic habitat in recent years are 
consistent with those used and reported on in the Plan (2002).  Any discrepancies between the 
historical (2000 and earlier) and more recent (2007) sampling events are described below. 
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Habitat characteristics were assessed in 2000 and 2007 using the Ontario Stream Assessment 
Protocol (Stanfield et al., 1998).  Fish communities were largely assessed throughout the 
watershed in 1996, 1997, 2000 and 2007, with some limited sampling occurring annually as 
part of training or research initiatives.  All sites were assessed according to fish sampling 
methods from the Ontario Stream Assessment Protocol (Stanfield et al., 1998).  Sample 
locations were randomly selected at numbers suitable to accurately represent a variety of 
instream habitat conditions, physiographic regions, and adjacent land use types.  The Oshawa 
Harbour represents a different habitat type, and as such was sampled using boat electrofishing 
as part of the Durham Region Coastal Wetland Monitoring Project (2008 & 2009).

In the past, stream temperature in the Oshawa Creek watershed has been assessed using 
various methodologies.  Some of these historical datasets date back to 1959 and are described 
in greater detail in the Central Lake Ontario Fisheries Management Plan (CLOCA/MNR 2007) or 
the Oshawa Creek Aquatic Resource Management Plan (CLOCA 2002). 

More recently, the thermal regime of Oshawa Creek has been assessed using two 
methodologies.  The first method, used in 2000, classified sites into cold, cool or warm water 
based on the methodology developed by Stoneman and Jones (1996).  This method uses a 
point in time measurement of water and air temperature collected during periods of extreme 
heat (mid-summer).  There are limitations to this data collection technique and as such the 
results do not always accurately reflect the thermal regime.  This was identified by Stoneman 
and Jones (1996) which stated “…when resources are available, continuous temperature data 
collected over a period of weeks or months will invariably provide a more accurate description 
of the stream’s thermal regime.” 

In 2007, CLOCA adopted a continuous temperature data collection approach by using 
temperature loggers (CLOCA 2009).  Using this methodology, classification of stream 
temperature is divided into three categories: coldwater, coolwater and warmwater (Coker et al., 
2001). The thermal classification for each site was determined by analyzing data summarized 
through the Stream Temperature Analysis Tool and Exchange (STATE) (Jones and Chu, 2007).  
Temperature loggers are deployed in the stream in the spring and retrieved in the winter with 
temperatures logged every half hour.  This allows for a more robust dataset and an overall 

          ©CLOCA 
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better understanding of the thermal regime.  Further, by recording stream temperature in the 
winter, CLOCA is able to develop an understanding of groundwater contributions (Conant 
2004).

In addition to field studies, stream habitat analyses were performed historically using 1:10,000 
OBM mapping and aerial photography, and more recently desktop GIS software, and spatial 
datasets such as orthoimagery, hydrologic stream layers and Ecological Land Classification 
information.  These analyses include assessments of stream order, slope, and riparian cover.  
The historic and current methodologies and any discrepancies associated with the current 
results and those reported on in the Plan (2002) are described in the corresponding sections 
that follow. 

For greater detail on the methodology used to assess aquatic habitat and fisheries, the reader is 
referred to the 2007 CLOCA Aquatic Monitoring Report, or the Aquatic Monitoring Program 
2009-2013 Report. 

The following sections summarize the current state of Oshawa Creek aquatic habitat and 
fisheries resources.  In addition, relevant historical information regarding fisheries in the 
watershed is provided. Key indicators of aquatic habitat conditions are described including 
Strahler stream order, stream slope, instream barriers to fish migration and movement of 
sediment and large woody material, riparian vegetation, thermal regimes, and the influence of 
land use and land cover.  Fish species composition and distribution will also be discussed as it 
relates to these habitat conditions. 

Aquatic Habitats 

Strahler Stream Order and Stream Gradient (Slope) 

Stream-order is a classification system based on a drainage network and uses the Strahler 
Method (1964).  Based on this method, streams increase in order upon converging with a 
stream of equal order.  For example, a first-order stream (typically headwaters) is a small 
stream without tributaries.  A second-order stream begins at the confluence of two first-order 
streams and continues until it meets with another second-order stream, forming a third-order 
stream, and so forth.   

Stream-order is directly related to other morphometric and fluvial characteristics and can be 
useful in describing fish habitat.  Based on concepts developed by Strahler (1964), stream-order 
is directly related to length, width, depth and discharge.  As order increases, so too does the 
size of the stream and the current flowing within.  Stream-order is also related to stream slope 
(or gradient).  As stream-order increases, stream slope decreases.  Finally, stream-order is 
related to fish species diversity, where fish diversity increases as a function of stream-order 
(Mackie, 2001).  Stream-orders 1 to 3 can be described as narrow, with an erosional substrate 
(e.g., rocks, boulders) and an input of leaf-litter.  Stream-orders 4 to 6 are wider, characterized 
by riffle and pool areas, and contain both erosional and depositional (e.g., sand) substrate.  
Stream-orders greater than 7 are wide, often with turbid water and contain depositional 
substrates (Mackie 2001).  
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The dendritic nature of Oshawa Creek gives rise to the majority of stream length as first-order 
tributaries, which come together to form fewer large-order streams (Figure 42).  First-order 
streams represent over half (59%) of the total stream length in the watershed (Table 18).  Of 
these first order tributaries 71% originate from the Oak Ridges Moraine, and 23% arise from 
the Lake Iroquois Beach, indicating substantial groundwater inputs from both physiographic 
units (CLOCA, 2008). The numerous streams that originate upon the Oak Ridges Moraine and 
Lake Iroquois Beach emphasize the importance of these physiographic features as groundwater 
recharge and discharge areas. 

Brown Trout                                                               ©CLOCA  Benthos Sampling               ©CLOCA 

Biological Measurement of Carp                             ©CLOCA 
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Figure 42:  Strahler stream order of the Oshawa Creek 
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Note that the total length of streams by stream order presented below is not consistent with the 
values presented in the Plan (2002).  This discrepancy is the result of different stream datasets 
used in the analysis.  The dataset used below was created at a finer scale and as a result is a 
more detailed hydrologic layer.  While the total stream lengths differ from the Plan (2002), the 
trends are consistent with over half of the stream length being comprised of first order streams 
and over two-thirds originating from the Oak Ridges Moraine. 

Table 18: Oshawa Creek Watershed Strahler Stream Order 

Subwatershed 
Strahler Stream Order 

Grand Total 1 2 3 4 5 
Enfield  
  

84.47
(67%)

19.25
(15%)

15.41
(12%)

6.55
(5%)

0.00
(0%)

125.68

Goodman Creek 
  

8.82
(49%)

3.80
(21%)

5.27
(29%)

0.00
(0%)

0.00
(0%)

17.90

Oshawa Main  
  

3.42
(22%)

0.0
(0%)

0.14
(1%)

0.0 
(0%)

11.89
(77%)

15.45

Montgomery Creek 
  

2.91
(100%)

0.00
(0%)

0.00
(0%)

0.00
(0%)

0.00
(0%)

2.91

Kedron  20.65
(59%)

5.69
(16%)

1.36
(4%)

7.42
(21%)

0.00
(0%)

35.12

Windfields  
  

12.20
(48%)

4.65 
(18%)

0.00   
(0%)

8.39
(33%)

0.00
(0%)

25.25

Harbour 
  

1.01
(49%)

0.00
(0%)

0.00
(0%)

0.00
(0%)

1.04 
(51%)

2.05

Raglan  72.01
(58%)

34.31
(27%)

13.34
(11%)

4.86
(4%)

0.00
(0%)

124.52

Grand Total 205.50 
(59%)

67.71 
(19%)

35.51
(10%)

27.22
(8%)

12.93
(4%)

348.88

Total stream length (km) and proportion of the total stream length (in parenthesis) by stream-order 
of each subwatershed in the Oshawa Creek watershed (values calculated from the 2002 CLOCA 
drainage layer). 

The slope or gradient of a stream is one of a number of variables used to characterize the type 
of habitat available to aquatic organisms and can be used to predict fish habitat structure.  The 
substrate in high gradient streams is typically composed of large materials such as boulders, 
cobble and gravel, because fast-flowing water tends to wash smaller particles downstream. Silts 
and sandy materials characterize the substrate of low gradient streams, since water velocity is 
low enough along the channel bottom water interface to allow fine materials to settle out 
(Mackie, 2001).  

Examination of gradient maps may also reveal areas of potential groundwater discharge. In 
high gradient areas, where the energy of flowing water has scoured away soil materials, the 
water may be flowing at the elevation of the water table and leading to the discharge of 
groundwater.  The identification of groundwater seepage areas assists in identifying habitat 
suitable for the reproduction of Salmonids such as Brook Trout.   

The rise of the creek (elevation in m) was divided by the length of the creek (m) to determine 
slope.  Slopes were categorized into four groups: low slope (0.0 to 0.3%), moderate slope (0.3 
to 1.0%), steep slope (>1.0 to 5.0%), and very steep slope (>5.0%).  A profile of the Oshawa 
Creek watershed from the headwaters on the Oak Ridges Moraine planning boundary and Till 
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Plain to the outflow into Lake Ontario, including location of physiographic and geographic 
features can be found in Figure 31. 

Stream-order and slope determine the water velocity of a stream, which dictates the types of 
habitat and aquatic organisms found within streams.  Some fish species are adapted to fast-
flowing water, while others are more suited to slower velocities.  Understanding stream-order 
and slope provides insight into fish habitat and communities within the watershed. 

Stream Temperature 

From an integrated watershed perspective, knowledge of the existing in-stream thermal regime 
and trends supports on-going aquatic, groundwater recharge/discharge, stream baseflow and 
water budget studies. In addition, water temperature information may be used as a qualitative 
field-verification data set for various hydrology models used to predict conditions that may 
result from future land use changes. This section provides a base understanding of the existing 
spatial variations of in-stream water temperatures within the watershed and points out gaps in 
that knowledge. This approach in turn supports an integrated ecosystem approach to the 
protection, conservation and enhancement of the ecological integrity of the watershed. Areas of 
concern may be identified and thermal classification targets may be developed in support of 
resource management.  

From a fish and fish habitat perspective, water temperature is one of many criteria used to 
assess the quality of a stream and the health of the aquatic habitat within it. Many organisms 
have particular thermal requirements for existence, and cannot tolerate large changes in water 
temperature. For instance, summer stream temperature is considered the single most important 
factor influencing distributions of Brook Trout (MacCrimmon and Campbell, 1969).   

In addition to fish species distribution noted above, water temperature can be correlated with 
the presence or absence of creekside shade-providing vegetation referred to as riparian cover, 
and various types of land uses within the watershed. Accurate temperature representation also 
provides key validation information with respect to identifying areas of potential groundwater 
discharge. This in turn supports the knowledge around potential groundwater flow path and 
recharge area identification.   

It should be noted that the interpretation of stream temperature data can be confusing due to 
overlapping terminology. Historically in Ontario only two thermal classification categories were 
used, coldwater and warmwater. In continuing with the fish community-based definition for 
coldwater stream as to be consistent with past usage and policy within OMNR, the definition of 
a coldwater stream is ‘a stream supporting or capable of supporting coldwater fishes’ (Bowlby, 
2008). Coldwater fishes include but are not limited to Salmon and Trout. Salmon and Trout can 
be found in both coldwater and coolwater temperature zones and so these zones represent 
coldwater streams in the traditional sense (Bowlby, 2003).  

The following describes the most current available in-stream temperature information for the 
Oshawa Creek watershed. Additionally, influencing factors such as discharge to streams, stream 
order, land use, and fisheries information are briefly described. All reported stream 
temperatures are the results of thermal monitoring using either thermometers or temperature 
data loggers and not the fish community-based definitions.  For example, Oshawa Creek is a 
coldwater stream based on the presence of resident and migratory Salmonids and local fisheries 
management objectives (CLOCA/MNR 2007); however, cool or warm water stream 
temperatures may be present in some areas depending on local conditions. 
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In 2007, thermal regimes were assessed in Oshawa Creek as part of the CLOCA Aquatic 
Monitoring Program.  Temperature data was collected using hobo loggers at 41 sites 
throughout the watershed, including 4 in Goodman Creek and 2 in Montgomery Creek.  The 
results from the 41 loggers were analyzed in the spring of 2008 using the STATE tool and the 
results are summarized below. 

Figure 43 depicts the thermal classifications at measurement points within the watershed as 
cold or cool-water sites.  Note that no warm-water sites were identified through this monitoring.  
Water temperature at any given site is influenced by the cumulative effects of all landscape 
characteristics upstream including the state of the riparian vegetation, groundwater discharge, 
land use and ambient air temperature. Headwaters generally refer to zero-order swales, first-
order and second-order streams and represent reaches of potential groundwater discharge. 
Predicted discharge to streams is also depicted in Figure 43 to provide an indicator of where 
shallow, cold groundwater is potentially discharging to a stream and possibly influencing the 
surface water temperature.  

Cold water sites are typically characterized by upstream naturally vegetated landscapes and/or 
evidence of groundwater discharge, while warm-water sites tend to be dominated by 
agricultural and urban land uses with a lack of natural cover and groundwater discharge that is 
insufficient to moderate the anthropogenic impacts on stream temperature.  Temperature data 
from 2000 using the Stoneman and Jones (1996) methodology (Figure 44) shows a general 
trend in the watershed from cold temperatures in undisturbed headwater streams surrounded 
by natural vegetation, to cool mid-reaches dominated by agricultural land uses or urbanized 
areas with well vegetated valleys and stormwater management, to warm-water higher-ordered 
branches in the lower urbanized reaches and in some cases agricultural areas with little natural 
cover.  This overall north-south warming trend within the watershed is reflective of stream 
order increases, land use changes towards the lake, and the gradient of groundwater 
contribution from the high discharge areas of the Oak Ridges Moraine and Lake Iroquois Beach, 
to the low discharge areas of the Till Plains. 

                  ©Keith Isnor 
        ©CLOCA 
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Figure 43: Oshawa Creek thermal classifications and discharge to streams 
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This trend is less obvious in the more comprehensive 2007 temperature logger data.  Coldwater 
sites are still present in the mid to upper reaches of the watershed typically dominated by 
natural land cover in areas with evidence of groundwater discharge, although the range of 
coldwater habitat is much larger.  Coolwater habitat is present throughout the majority of the 
middle and lower reaches of the watershed where groundwater discharge is less evident and 
urban and agricultural impacts are greater.  Warmwater sites are altogether absent in the 
comprehensive dataset.  During the warmer summer months, the coolwater temperatures 
indicate that habitat is still suitable for sensitive fish species like Salmon and Trout. This 
discrepancy with the 2000 results and the historical information reported on in the Plan (2002) 
reflects the limitations with the point-in-time sampling methodology which has been 
acknowledged in literature (Stoneman and Jones 1996).   

Stormwater input and a lack of stormwater management in the older urban areas, and high 
proportions of impervious cover are contributing to the stream temperature degradation, 
particularly in the southern reaches.  Temperature monitoring using in-stream loggers is helping 
CLOCA to gain comprehensive knowledge of thermal influences in the watershed. This 
information will also provide invaluable validation data to apply against numerical model results 
involving baseflow simulations, along with the identification of reaches sensitive to disturbances 
such as land development or water takings. 
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Figure 44: Comparison of 2002 point in time temperature measurements results and 2008 temperature logger monitoring results 
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Instream Barriers 

Instream barriers may be any type of water control structure, culvert, or weir that obstructs or 
limits fish movement, particularly from accessing upstream habitat, or causing fish to 
congregate at the base of the barrier for prolonged time periods.  Not only do instream barriers 
have direct effects on fish, they also affect water quality and habitat conditions within the 
stream.  Impoundment of water behind a physical structure causes the sediment to settle out 
from the stream water, leading to silt build-up in the pond and sediment depravation 
downstream.  Sediment depravation downstream of the barrier causes an increased rate of 
stream bank erosion as the sediment-reduced water flowing past the barrier has more energy 
and scours the stream banks more quickly.  This also leads to increased erosion of sediments in 
depositional areas of the lower stream reaches.  Sediment accumulation in a pond requires 
periodic dredging, or sediment will be flushed into downstream creek sections.  Flushing silt 
downstream can smother fish spawning beds and habitat. 

In some cases within the watersheds, instream barriers act to separate upstream fish 
communities from down-stream fish communities.  The isolation of upstream fish populations 
may be either beneficial or detrimental.  For example, an instream barrier may be beneficial by 
protecting upstream fish populations from competition of invasive species, or it may be 
detrimental by restricting migrating species like Rainbow Trout from accessing spawning 
habitats upstream of an impassable barrier.   

Instream barriers within the Oshawa 
Creek watershed were assessed 
based on the obstruction of fish 
movement of migratory species.  
Currently, there are 25 known 
instream barriers within the 
watershed (Figure 45), many of 
which do not restrict the movement 
of migratory species.  A detailed 
description and photographs of the 
more significant barriers can be 
found in the Oshawa Creek Aquatic 
Resource Management Plan (CLOCA 
2002).  The majority of the barriers 
reported on in the 2002 report are 
still present, with the exception of the CLOCA 
Weir which has since been removed.  

                ©CLOCA 
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Figure 45:  Instream Barriers in the Oshawa Creek watershed 
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Several of the instream barriers within the Oshawa Creek watershed need further inventory 
work to assess whether they are passable for jumping fishes (Salmonids).  Of the barriers 
where fish passage is known, further details are listed below. 

 
Airport Golf Course Dam (Goodman Subwatershed) 
This dam is considered to be un-passable for Salmonids and other fish species and represents 
the upper most limits for fish migration within Goodman Creek.  During the 2000 and 2007 fish 
sampling events and spring spawning surveys, Salmonids were not observed in Goodman 
Creek, so it cannot be conclusively determined if this barrier impedes the migration of 
Salmonids. While Salmonids have not been observed in Goodman Creek, White Sucker (another 
migratory species) has been caught as far upstream as the airport; however, none have been 
observed upstream of the dam.  Above the dam, Blacknose Dace, Creek Chub and Northern 
Redbelly Dace were caught within the main channel of the creek. In future, if the presence of
Salmonids is recorded in Goodman Creek, review of this instream barrier’s impact on migration 
would be warranted.   

Camp Samac Pond (Kedron Subwatershed) 
Camp Samac Pond Dam is, by design, un-passable for Salmonids and other fish species 
attempting to access upstream habitats in Enfield  Branch subwatershed.  This dam is of 
particular management concern because it impedes the migration of Rainbow Trout and Brown 
Trout.  Historically, Salmonids were lifted over the dam during migration.  Currently the dam is 
kept open from October to May to allow for fish passage.  Based on the 2000 and 2007 
sampling events, Rainbow Trout, Brown Trout and White Sucker, including young-of-year 
(YOY), were found in various locations upstream of the dam, indicating that the current 
management practice of keeping the dam open is working to allow for spawning upstream.  It 
is unclear whether the Rainbow and Brown Trout found above the dam were able to pass 
through the structure un-assisted, while the dam was open.   

McTavish Ponds (Enfield Subwatershed) 
McTavish Ponds (formerly known as Algers Ponds) are considered to be un-passable for 
migrating Salmonids.  During the 2000 sampling events, Brook Trout were caught directly 
upstream of these ponds.  It is possible that the McTavish Ponds are restricting migrating 
Rainbow Trout from accessing upstream Brook Trout habitat. These ponds are an important 
management concern because they may be protecting upstream populations of Brook Trout 
from competition with Rainbow and Brown Trout.   

Kehoe Pond (Enfield Subwatershed) 
The Kehoe Pond dam is considered to be un-passable for both Salmonids and other fishes.  
During the 2000 sampling events, Brook Trout were caught down-stream of the Kehoe Pond; 
however, fish sampling was not conducted above the Kehoe Pond.  It is likely that this barrier 
restricts Brook Trout populations from accessing upstream habitats; however, the majority of 
these reaches are likely intermittent in nature and would provide only limited seasonal habitat.  
Further sampling and inventory work are necessary to support this.     

Raglan and Ritson Pond (Enfield Subwatershed) 
The Raglan and Ritson Pond dam is considered to be un-passable for both Salmonids and other 
fishes.  This pond barrier was not surveyed until 2006, and as such information regarding this 
barrier was not provided in the Plan (2002).  During the 2000 sampling events, Brook Trout and 
Brown Trout were caught down-stream of the pond; however, fish sampling was not conducted 
above the pond.  It is possible that this barrier restricts Brook Trout populations from accessing 
upstream habitats however, the majority of these reaches are likely intermittent in nature and 
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would provide only limited seasonal habitat.  Further sampling and inventory work are 
necessary to support this.     

Winchester Golf Course Pond (Raglan Subwatershed) 
By design, the Winchester Golf Course Dam is un-passable for migrating Salmonids; however, 
the dam is left open from December to April to allow for passage.  During the 2000 and 2007 
sampling events, Rainbow Trout and Brown Trout were caught upstream and downstream of 
the dam. There are too few sampling sites within the subwatershed to make inferences about 
whether Rainbow Trout and Brown Trout actively pass through this barrier each year. This dam 
is of particular management concern because it is located at the base of the Raglan 
subwatershed, and may restrict Salmonids from accessing upstream habitats within the entire 
subwatershed.   

Hamer Pond (Raglan Subwatershed) 
The Hamer Dam is considered to be un-passable for migrating fish species.  During the 2000 
and 2007 sampling events, Brook Trout were captured upstream of the dam (down-stream of 
Wallace Dam).  There are too few sampling sites to determine whether migrating Rainbow 
Trout can access the Hamer Dam; however, given the size of the structure passage is unlikely.  
Further investigation is needed to determine whether Brook Trout are found down-stream of 
the dam, although they have not been observed in recent sampling events.   
 
Wallace Pond (Raglan Subwatershed) 
The Wallace Dam is located directly upstream of the Hamer Dam, and is a barrier to all fish 
species.  Between the 2000 and 2007 sampling events, four sites were sampled upstream of the 
dam.  No fish were caught during any of these sampling events. As noted above in the 
description for Hamer Pond, Brook Trout were caught directly down-stream of Wallace Pond.  
This dam is an important management concern because of the restriction of movement of 
Salmonid species, particularly Brook Trout.  Furthermore, the lack of fishes caught upstream of 
the dam may indicate that fish populations are low or non-existent in the upstream reaches, 
possibly due to limited or intermittent habitat and/or potential impacts from alternative land 
uses.  

Grandy Pond (Raglan Subwatershed) 
The Grandy Pond dam is directly upstream of the Winchester Dam.  The Winchester Dam is not 
passable to Salmonids, unless it is left open (reportedly it is open from December to April).  
During the 2000 and 2007 sampling events, Rainbow and Brown Trout were captured directly 
below the Grandy Pond but no Salmonids have been captured above the dam.  Due to limited 
sampling effort, it cannot be ascertained whether any Trout actually pass through the Grandy 
Pond.  Grandy Pond dam is of particular management concern because it restricts access to 
approximately half of the Raglan Branch subwatershed. 

Hyde Dam and Pine Ridge Fishing Club Ponds (Raglan Subwatershed) 
Both the Hyde Dam and upstream Pine Ridge Fishing Ponds are considered un-passable for 
Salmonids.  The Hyde Dam is a 4.0m berm with a stop-log structure and steel culvert outfall, 
and the Pine Ridge ponds are equipped with rock-lined spillways that act as barriers to resident 
Brook Trout.  Above the Pine Ridge ponds, Rainbow and Brook Trout were caught during the 
2000 sampling events.  Brook Trout were caught again in this location during 2007 sampling 
efforts.  Historically, these ponds were stocked with Rainbow Trout which may be the source of 
this species upstream.  At the downstream end, the ponds are equipped with outfall screens 
designed to prevent the escape of Rainbow Trout.  Of particular interest at this location is the 
presence of slimy sculpin upstream of the fishing club ponds.  This species is particularly 
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sensitive to stream warming which indicates that there is significant groundwater contributions 
in this area which provide thermal refuge for this species. 

Russo and Goldman Ponds (Raglan Subwatershed) 
Both the Russo and Goldman ponds are considered to be passable by Salmonids during high-
flow events.  During the 2000 sampling events, Brown Trout were captured upstream of the 
Goldman and Russo dams.  It is likely that these were resident fish and as such may be present 
in the creek year-round.  This location was not resampled during the 2007 monitoring efforts. 

Riparian Vegetation

Riparian vegetation plays an important role in water quality and aquatic life.  A buffer strip of 
riparian vegetation helps filter land-flowing water before it enters the stream, provides shade to 
help moderate stream temperature, provides allochthanous nutrient input (e.g. external 
nutrients like dead leaves or other terrestrial debris), and helps to maintain the stability of the 
stream bank (Mackie, 2001).  While all streams benefit from riparian cover, lower order streams 
(Table 19) in particular benefit greatly from riparian cover and the positive effects are apparent 
in higher order areas downstream. 

Environment Canada guidelines (EC, 2004) indicate that 75% of stream length should have 30m 
riparian vegetation buffers on each side of the stream.  Riparian vegetation cover in the 
Oshawa Creek watershed falls short of the Environment Canada guidelines (EC, 2004), as only 
30% of the entire stream length has 30m riparian buffers based on 2005 Orthophoto 
interpretation (Table 19). By stream-order, the proportion of riparian cover is greatest along 
forth (65%) and fifth-order (57%) streams; however these stream orders combined only 
account for 11% of the watercourse length in Oshawa Creek. The proportion of riparian cover is 
worst along first (18%), second (36%) and third-order (46%) streams where it would typically 
provide the most benefit.  These lower order tributaries represent the vast majority of stream 
length in the watershed (approx. 89%). Riparian cover is especially important for low-order 
streams, which are more affected by environmental change than large-order streams (EC 
2004).  While it is difficult to make watershed-wide predictions of stream and fishery quality 
based on the absence of riparian vegetation, it is known that riparian cover benefits aquatic life 
and the low proportion of riparian cover in the watershed may be correlated with poor stream 
and fishery health in some areas. 
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Table 19:  Status of riparian vegetation in the Oshawa Creek watershed 
Subwatershed Strahler Stream Order Grand 

Total 
1 2 3 4 5 

Enfield Branch 35.9
(29%)

15.2
(12%)

13.6
(11%)

6
(5%)

0
(0%)

71.1
(57%)

Goodman Creek 4
(27%)

3
(19%)

2.6
(17%)

0.00
(0%)

0.00
(0%)

10
(63%)

Oshawa Main Branch 1.6
(10%)

0
(0%)

0.05
(4%)

0
(0%)

10
(68%)

11.8
(79%)

Montgomery Creek 2.6
(93%)

0.00
(0%)

0.00
(0%)

0.00
(0%)

0.00
(0%)

2.6
(93%)

Kedron Branch 5.5
(16%)

3.6
(10.7%)

1.3
(3.8%)

5.5
(16%)

0.00
(0%)

15.9
(47%)

Windfield Branch 5.2
(21%)

3.8
(15.6%)

0
(0%)

7.9
(33%)

0.00
(0%)

16.8
(69%)

Harbour Branch 0.6
(27%)

0.00
(0%)

0.00
(0%)

0.00
(0%)

1
(50%)

1.6
(77%)

Raglan Branch 25
(21%)

23
(19%)

9.5
(7.8%)

4.4
(3.6%)

0.00
(0%)

62
(51%)

Grand Total 80.8
(24%)

48.8
(14%)

27.2
(8%)

24
(7%)

11.2
(3%)

19.2
(56%)

Total stream length with 30m riparian cover (km) and percent of total stream length with cover (in 
parenthesis) by stream-order.  Highlighted columns represent lower order streams which benefit 
greatly from riparian cover and may be given priority when determining areas for restoration.  All 
results are based on the 2002 CLOCA drainage layer and 2005 Orthophotography Ecological Land 
Classification (ELC) interpretation. 

Landscape Influences 

Natural land cover and various land uses have direct and indirect effects on the physical, 
chemical, and biological characteristics of streams. The use of models to quantify the impacts of 
land use on aquatic ecosystems has become a powerful tool and is well represented in scientific 
literature (Kilgour and Stanfield, 2006; Stanfield and Kilgour, 2006; Stanfield et al., 2006).  To 
quantify the relationship between land use disturbance and aquatic ecosystem health in 
Southern Ontario streams, Stanfield and Kilgour (2006) developed a locally derived model called 
the Land Disturbance Index (LDI) which incorporates fish, benthic invertebrates, instream 
habitat and landscape data from sites across the north shore of Lake Ontario, including CLOCA 
watersheds (Figure 46).  The LDI model predicts a threshold response for fish communities in 
response to increased land disturbance such that Salmonids are present in streams with low 
amounts of impervious cover and an absence from those with high amounts of impervious 
cover (Stanfield and Kilgour 2006).  The high to moderately disturbed areas are manifested 
through below average water quality and high stream temperatures.    As noted in the Stream 
Temperature discussion above, temperature is a limiting factor for the survival and productivity 
of fish and other aquatic organisms.  Cold-water contains more dissolved oxygen than warm-
water, and can support fishes that are sensitive to dissolved oxygen levels, such as Trout and 
Salmon.  Warm-water fishes are able to tolerate lower oxygen levels.   
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A similar response in aquatic communities to landscape influences on water quality is also 
evident in the Oshawa Creek watershed.  This response is most obvious in the distribution and 
proportion of sensitive benthic macroinvertebrates in Oshawa Creek.  The results of this 
monitoring are described in greater detail in the Biological Water Quality section under Surface 
Water Quality (see Section 3.2.4.3).

                  ©CLOCA 

   ©CLOCA 

               ©CLOCA 
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Figure 46: Modelled Land Use Influence on Fish Habitat in the Oshawa Creek watershed 
 

  

A - 



P a g e | 119

3.3.1.1 Fisheries 

The following section provides a brief summary of the fish community within Oshawa  

Creek and the Oshawa Harbour. Additional information including fish species and family 
abundance can be found in the Central Lake Ontario Fisheries Management Plan (CLOCA/MNR, 
2007), the Oshawa Creek Aquatic Resource Management Plan (CLOCA, 2002), or results from 
the 2007 CLOCA Aquatic Monitoring Program (CLOCA 2008). 

Fish sampling was conducted using back-pack electrofishing at 65 stream sites in 2000, and 34 
of these sites were revisited in 2007 (Figure 47). There was also limited sampling conducted in 
1996 (2 sites), 1997 (3 sites) 2003 (1 site), and 2008 (4 sites) as part of various investigation 
and research projects. In addition to stream monitoring, CLOCA conducts coastal wetland 
fisheries surveys using a boat electrofisher as part of the Durham Region Coastal Wetland 
Monitoring Project (DRCWMP).  This project has sampled the Oshawa Coastal Wetland and 
Oshawa Harbour at the mouth of Oshawa Creek annually since 2008.  

  Prepping CLOCA Boat Shocking Equipment                         ©CLOCA 

Boat Shocking               ©CLOCA 
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Figure 47: Fish Sampling Sites in the Oshawa Creek watershed 
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Currently, there are 35 fish species, representing 14 families, known to occur within the 
watershed including those found only within the Oshawa Coastal Wetland or Oshawa Harbour 
(Table 20).  This list does not include species that have been reported on historically but were 
not present during recent monitoring efforts (e.g. Atlantic Salmon), but does include species 
that are new to the watershed either through range expansion or not having been detected 
during historical monitoring (e.g. Green Sunfish).  While this only represents 48% of the 73 
species known to inhabit CLOCA’s jurisdiction and Lake Ontario, there may be other species 
using the creek that have not been identified due to the timing of sampling and biases 
associated with the sampling gear.  Many of the fishes distributed within the CLOCA’s 
jurisdiction and Lake Ontario will use either stream, marsh or lake habitats; however, some 
species are particular to Lake Ontario or are present in the stream during part of the year but 
difficult to detect due to the timing of aquatic monitoring.  These include: American Eel, Burbot, 
Lake Trout, Splake, Lake Herring, Rainbow Smelt, and White Perch.   

There are no fish species at risk known to currently exist within the Oshawa Creek watershed. 

There are a number of aquatic invasive species present in the Oshawa Creek watershed.  
Perhaps most abundant, Goldfish, have been caught in Goodman Creek.  This species likely 
originated from the release of aquarium or water garden fish into local streams or ponds.  
Goldfish have been observed in stormwater management ponds within the urban areas within 
CLOCA’s jurisdiction.  Another common invasive species is Common Carp which are present in 
the lower reaches of the watershed in close proximity to the Oshawa Creek Coastal Wetland 
where it has been known to uproot aquatic plants, and increase turbidity further inhibiting plant 
growth.  Round Goby is present at various locations in the lower reaches of Oshawa Creek but 
to date has not been observed upstream of Highway 401.    

Other non-native species are present in the watershed although not considered to be invasive.  
These naturalized species, which include Rainbow Trout, Brown Trout, and Chinook Salmon, 
were historically introduced to create additional recreational fishing opportunities.  These 
species are now naturally reproducing in the watershed as indicated through observations of 
spawning activity and the presence of young-of-year (YOY) fish during summer electrofishing 
surveys. 
 
In 2007, Green Sunfish were caught by CLOCA fisheries staff in the lower reaches of Oshawa 
Creek.  This species is native to Ontario but has not been historically documented in this 
watershed.  It is possible that this species was present in the watershed during the last round 
of monitoring in 2000 and misidentified as a Pumpkinseed, although all of the individuals 
observed were smaller (younger) fish suggesting that this range expansion is recent.   
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Table 20: Fish species currently found within the Oshawa Creek and Oshawa Creek Coastal Wetland and 
Oshawa Harbour 
Number Common Name Family  Scientific Name 
1 Alewife 2 Clupeidae Alosa pseudoharengus
2 American Brook Lamprey 1 Petromyzontidae Lampetra appendix
3 Banded Killifish 1 Fundulidae Fundulus diaphanous
4 Blacknose Dace 1 Cyprinidae Rhinichthys obtusus
5 Bluntnose Minnow 1 Cyprinidae Pimephales notatus
6 Brook Stickleback 1 Gasterosteidae Culaea inconstans
7 Brook Trout 1 Salmonidae Salvelinus fontinalis
8 Brown Bullhead 12 Ictaluridae Ameiurus nebulosus
9 Brown Trout 1 Salmonidae Salmo trutta
10 Chinook Salmon 12 Salmonidae Oncorhynchus 

tshawytscha
11 Common Carp 123 Cyprinidae Cyprinus carpio
12 Common Shiner 1 Cyprinidae Luxilus cornutus
13 Creek Chub 1 Cyprinidae Semotilus atromaculatus
14 Emeral Shiner 12 Cyprinidae Notropis atherinoides
15 Fathead Minnow 1 Cyprinidae Pimephales promelas
16 Gizzard Shad 2 Clupeidae Dorosoma cepedianum
17 Goldfish 13 Cyprinidae Carassius auratus
18 Green Sunfish 1 Centrarchidae Lepomis cyanellus
19 Johnny Darter 1 Percidae Etheostoma nigrum
20 Logperch 1 Percidae Percina caprodes
21 Longnose Dace 1 Cyprinidae Rhinichthys cataractae
22 Mottled Sculpin 1 Cottidae Cottus bairdii
23 Northern Pike 2 Esocidae Esox lucius
24 Northern Redbelly Dace 1 Cyprinidae Phoxinus eos
25 Pumpkinseed 12 Centrarchidae Lepomis gibbosus
26 Rainbow Darter 1 Percidae Etheostoma caeruleum
27 Rainbow Trout 1 Salmonidae Oncorhynchus mykiss
28 Rock Bass 12 Centrarchidae Ambloplites rupestris
29 Round Goby 13 Gobiidae Neogobius melanostomus
30 Sea Lamprey 13 Petromyzontidae Petromyzon marinus
31 Slimy Sculpin 1 Cottidae Cottus cognatus
32 Smallmouth Bass 1 Centrarchidae Micropterus dolomieu
33 Spottail Shiner 12 Cyprinidae Notropis hudsonius
34 White Sucker 12 Catostomidae Catostomus commersonii
35 Yellow Perch 2 Percidae Perca flavescens
1 Species caught during CLOCA Stream Electrofishing (1996, 1997, 2000, 2007) 
2 Species caught in the Oshawa Creek Coastal Wetland and Oshawa Harbour (2008 & 2009 DRCWMP) 
3 Introduced/Non-native  
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In conclusion, the fisheries and aquatic habitat of Oshawa Creek and its respective tributaries 
face many environmental stressors including impacts from adjacent land uses (e.g. urbanization 
and intensive agriculture).  This is manifested through water quality degradation, increased 
stream temperatures and ultimately impacts to aquatic life.  While the watershed has its 
challenges, it still supports healthy fisheries including Chinook Salmon, Brook Trout, Brown 
Trout and Rainbow Trout populations, in addition to sensitive non-game species like Slimy 
Sculpin.  Many opportunities exist for restoration in the watershed which has the potential to 
improve aquatic habitat and overall watershed health.  These opportunities include riparian 
restoration, enhanced stormwater management, and retrofitting instream barriers to allow for 
fish passage into currently fragmented habitats..  While these restoration initiatives are 
important, emphasis should be placed on protecting the natural areas that exist which provide 
the last refuge for sensitive coldwater fish species from land use changes. 

3.3.2 Vegetation, Wetlands, ESA’s and ANSI’s 

The health of a watershed is evaluated using a number of criteria, including the vegetation and 
wildlife within its boundaries.  Interestingly, the terrestrial conditions within a watershed both 
describe and contribute to the health of a watershed.  For instance, vegetation and wildlife 
communities are successful when their environment is healthy.  It is also known that increased 
vegetation in a watershed moderates flooding, stream temperature, and soil loss, which 
contributes to watershed health.  As such, our knowledge of the existing terrestrial conditions in 
the Oshawa Creek watershed plays a key role in the evaluation of its overall health. 

Due to a quickly changing landscape, including legislative changes, rapid urban development, 
new data, recent provincial wetland evaluations and a new methodology for determining core 
areas and corridors, an updated, comprehensive section on the existing conditions of Oshawa 
Creek’s Terrestrial Natural Heritage has been prepared.  This updated information will further 
advise and support new or revised management goals, objectives and targets. The terrestrial 
work that was undertaken and presented in the Plan (2002) is important in helping to assess 
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change over time and to determine if any of the Plan (2002)’s recommendations need to be 
revised.    

The following summarizes applicable legislation which had not been described elsewhere, and 
sets out the methodology used to identify the terrestrial and wildlife features in the Oshawa 
Creek watershed.  Following the methodology are the findings for the terrestrial environment 
followed by a description of the wildlife habitat.   
 
3.3.2.1  Applicable Legislation and Policies 

In the Province of Ontario, both Federal and Provincial legislation enable the protection of 
significant natural heritage features.   

Species at Risk Act (SARA) 
This Federal Act provides legal protection for extirpated, endangered or threatened species, as 
assessed by the Committee on the Status of Endangered Wildlife in Canada (COSEWIC), as well 
as their residences. The Act aims to prevent wildlife species from becoming extinct, and to 
secure the necessary actions for their recovery by providing immediate protection to aquatic 
species, migratory birds, and any listed species on federal lands.   

Ontario Endangered Species Act
On June 30th, 2008, Ontario’s new Endangered Species Act came into effect.  This legislation, 
which updated the previous Endangered Species Act, significantly expands the protection 
afforded to Species at Risk in Ontario 
by protecting Extirpated, Endangered 
and Threatened species as well as the
habitat of Endangered and Threatened 
species.  It applies to all private and 
public lands in the province of Ontario.  
The Ministry of Natural Resources is 
responsible for the administration of 
this Act, including enforcement and 
permitting.  The assessment of Species 
at Risk in Ontario is carried out by the 
Committee on the Status of Species at 
Risk in Ontario (COSSARO).  

3.3.2.2 Methodology 

Significant Features 

For the purposes of this discussion, significant features are Areas of Natural and Scientific 
Interest, Provincially Significant Wetlands, and Environmentally Sensitive Areas.  These 
significant features within the Oshawa Creek Watershed are shown on Figure 48.  

‘

                ©Keith Isnor  Monarch Butterfly 
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Areas of Natural and Scientific Interest (ANSI) 
ANSIs are areas of land and water having natural landscapes or features that have been 
identified as having life or earth science values warranted for protection, scientific study or 
education.  ANSIs are classified as either Life Science (an area having provincially or regionally 
significant representative ecological features) or Earth Science (an area having provincially or 
regionally significant representative geological features).  ANSIs are identified by the OMNR and 
are either provincially or regionally significant.  

The reader will find that, generally, discussion on individual ANSIs is somewhat limited.  This is 
due to the fact that those qualities that lend themselves to the identification of an area as an 
ANSI are often the same qualities that result in an area being identified as a PSW or ESA. 
Where an ANSI is also a PSW or ESA the description of the ANSI is covered in the text 
regarding PSWs or ESAs.      

Some ANSIs are identified as “candidate”, meaning that they have had the field work completed 
by OMNR; however, they are not “official” until such time as final approval is granted by OMNR. 
The fact that an ANSI may be categorized as “candidate” does not in any way imply that the 
values or features for which the ANSI has been identified are any less significant.  For this 
reason, recognition of these “candidate” ANSIs as being a valuable component of the terrestrial 
natural heritage system is warranted.  

Provincially Significant Wetlands (PSW) 
PSWs have been evaluated using the Ontario Wetland Evaluation System, which recognizes four 
types of wetlands:  marsh, swamp, fen, and bog.  They can occur as single contiguous areas or 
as groupings of smaller wetlands known as wetland complexes. They can also be designated as 
locally or provincially significant, depending on their evaluation scores. The OMNR is responsible 
for evaluating and designating PSWs in Ontario. 

Environmentally Sensitive Areas (ESA) 
The Environmentally Sensitive Areas Mapping Study prepared by Gartner Lee, (1978) on behalf 
of the Central Lake Ontario Conservation Authority identifies the environmentally sensitive areas 
in the CLOCA jurisdiction.  The study (Gartner Lee, 1978) entailed the collection and 
interpretation of biophysical data using specific criteria (Table 21). 
 
Table 21: ESA biophysical criteria 
Criteria Description 
Significant 
Terrain 

Flood-prone areas and wetlands
Areas serving groundwater functions
Headwater source areas
Erosion-prone areas
Significant geomorphological landforms

Significant 
Forests 

Forests serving important environmental functions
Forests possessing unusual attributes

Significant 
Wildlife 

Areas of suitable habitat for important wildlife considerations
Areas where uncommon animals have been known to occur 
including game birds or fur-bearing mammals

Significant 
Fisheries 

Suitable spawning areas
Conditions suitable for and/or presence of cold and warm water 
fisheries

Source: Gartner Lee, 1978  
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The identified ESAs were then assigned a level of sensitivity between high and low.  High 
sensitivity areas are those which, on their own merit or in combination with other significant 
biophysical factors, are highly sensitive to disturbance.  They usually possess several 
interrelated environmental factors of significance such that the alteration of one part of the 
environmental system may negatively influence others (Gartner Lee, 1978).  Only the high and 
moderately high sensitivity ESAs have been identified and discussed in this document with the 
exception of the Oak Ridges Moraine and the Lake Iroquois Beach, which are generally 
considered of “medium sensitivity” with some “high sensitivity” features.  

Vegetation 

In the Oshawa Creek watershed, the Ecological Land Classification System for southern Ontario 
(ELC) has been used to categorize vegetation communities.  This system is described in more 
detail in Appendix 5: Ecological Land Classification.   

  ©Keith Isnor 
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Figure 48:  Significant features in the Oshawa Creek watershed 
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Wildlife Habitat 

Wildlife species have a variety of habitat needs and consequently occupy a wide range of 
habitat types.  Broadly, these habitats can be subdivided into the following groups:  forests, 
including upland and wetland forests; wetlands, including marshes and open water wetland 
areas; and regenerating habitats, including meadows, grasslands, prairies and thickets.   

Forests
The term ‘forest’ is a broad description of a treed area, but there are many types of forests and 
some wildlife species are specially adapted to particular forest types.  Table 22 describes the 
main forest types found within the Oshawa Creek watershed and highlights their value to 
wildlife. 
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Table 22: Forest attributes and their wildlife functions 
     (See Appendix 5 for acronym descriptions) 

 
 Type Attributes and Functions 

Deciduous 
Forests 
(FOD)  

Deciduous forests do not provide much cover in the winter due to loss of 
leaves so they tend to be seasonal habitats, although wildlife may continue 
to use them throughout the winter months if the forest is adjacent to 
another habitat type with suitable winter cover. The key wildlife habitat 
components in a deciduous forest include: 

Good vertical structure, which exists when all of the layers of forest 
vegetation are present such as ground cover, understory, mid-story, 
canopy, and super canopy.  Ideally, these layers should be arranged in a 
random fashion, as would be created through natural processes (e.g. 
single trees falling down creating canopy gaps).  
Habitat trees that provide opportunity for creating cavities and dens.  An 
abundance of these trees is preferable.
A stable food supply in the form of herbaceous vegetation, woody 
browse, and/or fruit and nuts.

Examples of wildlife species most commonly associated with deciduous 
forests are deer, woodpeckers, grouse, fox, and squirrels.  If a forest block 
is of sufficient size and shape it may also support forest interior breeding 
birds and mammal specialists.

Coniferous 
Forests 
(FOC)  

Coniferous forests tend to be dense, dark and damp with limited undergrowth 
since very little light ever reaches the forest floor.   These conditions appeal to 
a number of wildlife species, including wild turkey and some amphibians, 
which are dependent on the good cover and moist soil conditions that 
coniferous forests provide.  Other species, such as deer and songbirds, utilize 
coniferous forests during the winter when the dense forest cover protects 
them from the harsh winter environment.  Coniferous forests are excellent 
habitat for species such as red squirrel that specialize in exploiting specific 
food sources like seed cones.  

Mixed 
Forests 
(FOM)  
 

A mixed forest is composed of both deciduous and coniferous species.  
Because of this mix, these forests are able to provide year-round cover as 
well as an abundance of food, which makes this forest type very desirable 
for wildlife.   

Mixed forests tend to have a good representation of tree species that 
produce fruit or nuts, such as red oak, black cherry, and beech.  Mixed 
forests also offer a diversity of habitat niches, which supports a wide variety 
of animal species.  Songbirds, small and large mammals, raptors, 
amphibians, and reptiles may all inhabit mixed forests.   As with deciduous 
forests, habitat quality is closely linked with forest structure:  the more 
vertical layers, the better the cover and potential food production.  
Structural complexity within a forest is critical for most habitat specialists or 
area sensitive species.

Deciduous, 
Coniferous 
and Mixed 
Swamps 

Swamps, like upland forests, vary in their tree composition.  The attributes 
that distinguish deciduous, coniferous and mixed forests are generally the 
same for deciduous, coniferous and mixed swamps.  The major difference 
between upland forests and swamps however is the soil moisture.  In 
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 Type Attributes and Functions 

(SWD, 
SWC, 
SWM) 

swamps, the soil ranges from moist to having standing water.  

Seasonal standing water offers specialized breeding habitat for frogs and 
salamanders, so swamps are key habitat areas for amphibians.  The 
vegetation in swamps is also different as plants that prefer wet conditions 
are able to thrive.  

Cultural 
Plantation 
(CUP) 

A plantation is typically a forest that has been planted by humans for the 
purpose of timber production.  The species are almost exclusively coniferous, 
and the trees are often planted in rows like a crop to provide easy access for 
maintenance and harvesting. 

Plantations have limited habitat opportunities for wildlife.  There is usually 
little cover and the straightness of the tree rows offers poor structure for 
escape or refuge.  One of the values of plantations to wildlife is in providing 
a buffer to other more important habitats.  

As a plantation matures, deciduous species may establish in the 
undergrowth layer and it may succeed into a healthy mixed forest.  Thus 
plantations have the potential to become good wildlife habitats.  Wildlife 
typically associated with plantations includes red squirrels and predators 
such as weasels that exploit the abundance of small mammals. 

Wetlands
Wetlands come in many forms and offer a wide range of wildlife services, depending on the 
amount and type of vegetation.  For marshes, good quality habitats are associated with well 
established aquatic vegetation and nearby upland cover.  The edges of this habitat are typically 
the most productive areas, and thus are the most important for wildlife.  These habitats are 
particularly important for amphibians, wading birds, shorebirds, and waterfowl.   

Grasslands, Meadows, and Thickets
Regenerating habitats are those habitats that are in the process of reverting from meadow or 
thicket into forest.  In the past, these features would have existed as a result of fire or other 
destructive occurrences.  In today’s landscape, regenerating habitats are most often the result 
of previously cleared areas being left un-maintained.   

These habitats are varied in their composition and structure, as they are usually in more than 
one stage of succession, and they provide a maximum amount of habitat edge.  As such, they 
are able to support a large number of species associations.  Because regenerating habitats are 
in a constant state of change, their value to particular wildlife species also changes, so it is 
often more practical to consider regenerating habitats collectively rather than as individual 
areas.  Generally speaking, grasslands and meadows, which are the first stage of succession, 
appeal to grassland birds, small mammals, and insects such as bees and butterflies that are 
attracted to the abundance of flowers.  Meadows and grasslands can be highly productive 
habitats and are important features in the landscape, but unless they are maintained as such by 
human activity or fire, over time they succeed to thickets, which contain more shrubs and small 
trees.  As the vegetation changes, the suite of wildlife also changes in favour of those species 
that prefer more shrub cover.  Over longer periods of time, young forests will begin to emerge, 
and generalist birds and mammals will increasingly occupy the area.  
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Core Habitat Areas
Although virtually all vegetated areas provide some habitat for wildlife, there are some habitats 
that can be considered “core” habitats because they are able to provide for a large suite of 
wildlife or support sensitive wildlife species.  Deciding which habitats should be considered core 
habitats is a somewhat subjective exercise depending on the species that are being considered, 
but for the purposes of this document, the designation of core habitat areas has been made 
using the following criteria:  

Size being the physical size of the habitat being measured.  Larger sized habitats are preferable 
to smaller sized habitats. 
Shape refers to the geometric shape of the habitat being measured.  Compact habitat patches 
(e.g. square or circular) are preferable to linear (e.g. rectangular) patches as they have fewer 
edges. 
Juxtaposition being the position of the habitat on the landscape relative to other features 
such as settled areas or natural areas.  Natural areas that are adjacent to other natural areas 
are preferable to natural areas adjacent to urban developments. 
Representation is the range of a specific habitat type in the watershed.  A high diversity of 
well-distributed habitat types is preferable. 
Multiple Function is the ability of a habitat to provide more than one function for local wildlife 
communities.   
Species at Risk refers to the ability of a habitat patch to support species at risk (as identified 
by COSEWIC and COSSARO). 

Habitat size and shape are important factors for any habitat, however in forests, size and shape 
are particularly important because they determine the amount of forest interior (100 m from 
forest edge) and deep forest interior (200 m from forest edge) that may be present.  Forest 
interior is a prerequisite for many breeding birds as it provides increased protection from wind, 
light, nest parasitism and predation.  In the evaluation of core habitats, these criteria were 
assessed using a Landscape Analysis Model (see Appendix 6). 

A Landscape Analysis Model was also used to evaluate habitat juxtaposition (see Appendix 6).  
As human development approaches, and in some cases surrounds, wildlife habitats, the effects 
of noise, light, disturbance from recreation or pets, and other stressors are increased.  
Consequently, species that are sensitive to disturbance are less likely to occupy these habitats 
even if they meet their needs for food or cover, and the result is a loss in overall biodiversity.   

Representation and multiple function have been assessed using ELC (see Appendix 5) Because 
wildlife have varying needs, and some have very specific needs, a wide variety of habitats must 
exist within a watershed to support biodiversity.  Representation is not limited to broad habitats 
such as forests and wetlands; it includes types of forests as well as types of wetlands. 

The evaluation of habitats for species at risk within the Oshawa Creek watershed was done 
using information from the Natural Heritage Information Centre (NHIC), from data collected 
through field work, external documents or Environmental Impact Studies, and from data 
reported to the Authority by the public.  
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Wildlife Movement
Animals are not stationary. Species have a tendency to move between habitats to fulfill dietary 
or lifecycle needs, seek refuge, and escape predation, so connectivity between habitat patches 
is important for maintaining wildlife populations.  At a broader scale, connectivity enables 
animal migration, which is integral to maintaining genetic diversity and facilitating the 
repopulation of habitats after local extinction events.   

Because corridors serve a number of functions and operate at varying scales, they can be 
categorized in the following manner (Table 23). 

Table 23: Wildlife corridor categories 
Type Description 

Regional 
Corridors 

These are major movement corridors which connect a number of watersheds at a 
large landscape scale. Regional corridors are often comprised of upland areas since 
they exist across watershed divides.

Landscape 
Corridors 

These are major movement routes within the watershed that connect core areas 
and/or are robust enough to be sustainable as habitat units themselves.  They 
typically follow linear features such as creeks and valleys, and can be composed of 
a series of independent habitats that allow wildlife to “hopscotch” across the 
landscape.

Local 
Corridors 

These are minor movement routes within the watershed that help to connect 
habitat patches into a continuous series.  They are often associated with creek 
valleys and typically function at a sub-watershed scale.  They function with 
landscape corridors to connect the smaller habitats to the larger ones.

When identifying core habitats and movement corridors, it is important to note that the 
distinction between cores and corridors is human-made as a result of forest fragmentation from 
development.  Prior to settlement, the Oshawa Creek watershed would have been largely 
forested, so cores and corridors most likely would not have existed at this scale.  Consequently, 
categorizing natural areas into cores and corridors is not always black and white, particularly 
when a corridor contains high quality habitat.  In these instances corridors may also be core 
habitats, and the ultimate designation is based on judgment.  Additionally, what is habitat to 
one species may be a corridor to another.  This is evident when comparing the habitat needs of 
a coyote to those of a frog.   

Finally, it is also worth noting that core and corridor designations are influenced by the scale at 
which they are being identified.  The Oak Ridges Moraine is an example of a number of core 
habitats which connect much larger core habitats across the province.  At the watershed scale, 
the forest patches on the moraine are identified as core wildlife habitats, however, at the 
provincial scale the moraine is a corridor.   

Additional Habitat Areas
During the course of the evaluation of core habitat areas and movement corridors, a number of 
smaller habitat patches were excluded.  Although they did not necessarily meet the criteria for 
either of these categories, it was felt that they still served important wildlife functions at a local 
level and should not be overlooked as contributors to overall wildlife habitat.  As such, these 
vegetation units were included in the Core Habitat and Corridor maps under the term 
“Vegetation”.  
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Watershed Health 

In 2004, Environment Canada published a document entitled “How Much Habitat is Enough?” 
which offered a framework for restoring natural habitats in areas of concern.  The guidelines 
offered within the document were adopted to assist with an overall evaluation of the terrestrial 
conditions within the Oshawa Creek watershed, Table 24 outlines the parameters used to 
indicate watershed health. 

Table 24:  Environment Canada's AOC Wetland and Forest Habitat Restoration Guidelines 

Parameter Guideline(s) 

Wetland  Habitat Guidelines 
Percent wetlands in 
watersheds and 
subwatersheds

Greater than 10% of each major watershed in wetland 
habitat;
Greater than  6% of each subwatershed in wetland habitat; 
or
Restore to original percentage of wetlands in the watershed.

Wetland type The only wetland types suitable for widespread rehabilitation 
are swamps and marshes

Wetland location Wetlands are key in headwater areas for groundwater 
discharge and recharge, flood plains for flood attenuation, 
and coastal wetlands for fish production

Forest Habitat Guidelines 
Percent forest cover Greater than 30% of watershed should be in forest cover
Size of largest forest 
patch

At least one 200 ha forest patch which is a minimum of 500 
m wide

Percent of watershed that 
is forest cover 100 m 
(forest interior) and 200 
m (deep forest interior) 
from forest edge

Greater than 10% forest interior (forest cover 100 m or 
further from a forest edge);
Greater than 5% deep forest interior (forest cover 200 m or 
further from a forest edge).

Forest shape Forest patches should be circular or square in shape
Proximity to other 
forested patches

Forest patches should be within 2 km of one another or 
other supporting habitat features

Fragmented landscapes 
and the role of corridors

Corridors designed to facilitate species movement should be 
a minimum of 50 m to 100 m in width.  

Source: modified from Environment Canada, 2004 

Data  
While efforts have been made to accurately present the findings reported in this chapter, 
factors such as rounding, computer digitizing and data interpretation may influence results. For 
instance, in data tables no relationship between significant digits and level of accuracy is 
implied, and values may not always sum to the expected total. 
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Furthermore, it should be noted that the species reports from which the tables in this chapter 
are populated are derived from a number of sources.  The accuracy of these reports may vary 
according to the knowledge and experience of the observer.  As such, it is recognized that the 
species lists in this document may contain errors or misidentifications.  In addition, species at 
risk in Ontario and in Canada are periodically reviewed and updated.  The species at risk 
presented in this report are current as of June 2009.  

For the purposes of visual presentation, the mapped data layers (where available) have been 
shown as faded areas beyond the watershed and subwatershed boundaries.   For areas outside 
of the Oshawa Creek watershed boundary, these visual data layers may not have been analyzed 
for discussion purposes and therefore have not been included in this discussion. 

©Keith Isnor 

©Keith Isnor 

            ©CLOCA 

Cedar Waxwing 

Great Blue Heron 
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3.3.2.3  Findings – Terrestrial Environment 

Areas of Natural and Scientific Interest & Provincially Evaluated Wetlands
The Oshawa Creek watershed contains 1 Life Science ANSI and all or part of 3 PSWs.  These 
are listed in Table 25.   
 
Table 25:  Significant Features within the Oshawa Creek Watershed 
Name Significance Subwatershed 
ANSIs 
Enfield Wetlands (Life Science) Regional (Candidate) Enfield
PSWs 
Oshawa Creek Coastal Wetland Complex Provincial Main, Montgomery and 

Harbour
Whitby-Iroquois Beach Wetland Complex Provincial Main, Windfields, and 

Goodman
Enfield Wetland Complex Provincial Enfield

Enfield ANSI and PSW Complex  
The Enfield Wetland Complex is 102 ha in size and is made up of 24 wetland units, all of which 
are privately owned.  All but 4 of the wetlands in this complex are located in the Oshawa Creek 
watershed (Enfield subwatershed).  The remaining wetlands are situated within the 
Black/Harmony/Farewell Creek watershed to the east (Varga, 2006).  

Following its original evaluation in 1994, the wetland complex was identified as locally 
significant.  In 2006 however, the evaluation was updated and the Enfield Wetland Complex 
was upgraded to provincially significant because of the identification of numerous locally 
significant species in the wetlands as well as an acknowledgement of the wetland’s contribution 
to groundwater discharge.  This wetland complex is incorporated into the provincially significant 
Enfield ANSI, which is the best display of kettle and headwater wetlands on the Pontypool Lobe 
of the Oak Ridges Moraine (Varga, 2006). 

Whitby-Oshawa Iroquois Beach Wetland Complex 
This provincially significant wetland complex originates within the Anderson Street Woods in 
Whitby and follows the Lake Iroquois Beach through to Simcoe St. in Oshawa, straddling the 
Lynde Creek, Pringle Creek and Oshawa Creek watersheds.  Specifically, the wetland complex is 
centred on the headwater reaches of the Pringle and Goodman Creeks (Varga, 2005).  It was 
evaluated in 2004 and is entirely within private ownership.  

The majority of these wetlands are swamps with some marsh communities represented.  It is 
considered significant due to its contribution to biodiversity, water quality maintenance, and 
flood attenuation.  It also provides habitat for Butternut, which is an endangered species, as 
well as a number of birds and plants that are regionally or locally significant.  Furthermore, like 
most wetlands in southern Ontario, it is a rare feature (Varga, 2005). 

The Whitby-Oshawa Iroquois Beach wetland complex is recognized as being situated in the 
middle of a major east-west “green” corridor along the Iroquois Beach and reforestation of gaps 
between the wetlands and woodlots in this complex is one of OMNR’s recommendations for 
improving this wetland (Varga, 2005). 
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Oshawa Creek Coastal Wetland Complex 
This 20.2 ha wetland complex, comprised of 7 wetland units, is entirely contained within the 
Oshawa Creek watershed and is the watershed’s only coastal wetland.  It was evaluated in 
2007 and received a provincially significant designation primarily because of its ‘special features’ 
score.   

One such feature is the fact that it is a coastal wetland.  Coastal wetlands, being wetlands that 
are situated along the shoreline, are considered rare in this ecodistrict as they have historically 
been drained or developed.  As such, remaining coastal wetlands, particularly in this region, 
tend to be regarded as provincially significant regardless of size or quality.  Additional features 
include the presence of Tufted Titmouse (provincially significant bird), Nuttall’s Waterweed 
(regionally significant plant), and 4 locally significant plant species.  

In the Oshawa Creek watershed this wetland is generally well-connected to other habitats via 
the Oshawa Creek valley, however, connections to the east and west, particularly Oshawa 
Second Marsh, need improvement.   

Environmentally Sensitive Areas
Excluding the Oak Ridges Moraine and the Lake Iroquois Beach, the Oshawa Creek watershed 
has 10 ESAs, 8 of which exhibit the highest level of sensitivity (Table 26).  High and moderately 
high sensitivity ESAs are shown in Figure 48 and are described in further detail below 

The Oak Ridges Moraine (ORM) is generally identified as moderately sensitive.  In the Oshawa 
Creek watershed, only the Raglan and Enfield  subwatersheds contain areas of this ESA.  The 
ORM was identified as an ESA because it is a major groundwater recharge area and because 
major alterations or changes in land use may impact groundwater and/or surface water.  The 
headwaters of the Oshawa Creek originate, for the most part, in the ORM.  Those parts of the 
Moraine exhibiting significant wildlife habitat, significant forest and significant terrain features, 
such as Purple Woods and Mt. Carmel Woods, have been identified as areas of high sensitivity.   

The Lake Iroquois Beach, which is also generally considered to be moderately sensitive, is a 
local ground water recharge area that is found throughout much of the CLOCA jurisdiction.  
Characteristics of the Beach include a shallow water table, wetlands and seepage zones.   
These features play an important role with streams, forests and wildlife habitat. The Lake 
Iroquois Beach falls within the Oshawa Main, Windfields and Kedron subwatersheds.  
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Table 26:  ESAs in the Oshawa Creek watershed 
Name Sensitivity Subwatershed 
Oshawa Harbour Low to Moderate Harbour
Oshawa Creek Woods High Oshawa Main
Oshawa-Goodman Creek Valleys Moderately Low Oshawa Main & Goodman
Oshawa Creek into Iroquois Beach High Oshawa Main, Windfields 

and Kedron
West Branch of Oshawa Creek Moderate to High Raglan & Windfields
East Branch of Oshawa Creek Moderate to High Enfield & Kedron
Townline Pond High Enfield
Enfield Woods High Enfield
Purple Woods High Raglan
Mt. Carmel Woods High Enfield

Oshawa Creek Woods:  
This reach of lower Oshawa Creek from the mouth virtually to Highway 401 exhibits high 
sensitivity.  The steep valley walls which predominate in this section of the stream are highly 
erodible and the presence of the Oshawa Creek Woods which cover the valley margins is 
important in minimizing streambank erosion.  The woods represent a significant wildlife area 
offering shelter and cover for migrating birds.  The white ash-hard maple-hemlock forest is a 
major natural resource in an urban setting. 

Oshawa Creek into Iroquois Beach:  
This area extends from halfway through Oshawa to the Lake Iroquois shoreline and is 
characterized by erodible steep valley walls and substantial forest cover.  The interrelationship 
of forest and physical setting and the increased potential of the creek to support warm water 
sports fish make this area highly sensitive to land use alteration. 

West Branch of Oshawa Creek: 
Most of the west branch of the Oshawa Creek valleys and tributaries exhibits high sensitivity.  
Significant forested areas serve hydrological and erosion control functions and in upper 
reaches provide shade and cover for sensitive coldwater sports fisheries.   

East Branch of Oshawa Creek:
Thin ribbons of forest cover the margins of gently sloping stream valleys.  Forests are 
functional in providing shade and cover for coldwater fisheries and buffering fluctuations in 
flow and temperature.  These valley bottom lands, associated streams and forests are 
considered highly sensitive. 

Townline Pond:  
This small but reportedly deep pond is set in a wetland area which contributes flow to a 
suspected trout stream.  Forest growth in and around the wetland serves a water quality 
function and is composed of unusual species.  It is considered highly sensitive. 
  

A - 



P a g e | 138

Enfield Woods:  
Set in a large wetland, this extensive and highly diverse forest area exhibits high sensitivity as 
a result of a number of biophysical factors.  Waters supplied year-round by the wetland aid in 
sustaining a coldwater sports fishery downstream.  The forest provides excellent wildlife 
habitat and contributes to the water regulatory function of the wetland.  Uncommon birds and 
fur-bearing mammals are reported to reside here. 

Purple Woods:  
This highly sensitive woodlot provides wildlife cover and supports some uncommon 
wildflowers.  Birds uncommon in the CLOCA jurisdiction nest here. 

Mt. Carmel Woods:  
Serves the environmental functions of forests and represents a significant wildlife area.  
Uncommon birds are reported to nest here.  The area is regarded as highly sensitive. 

Vegetation 
The vegetated cover within a watershed greatly affects overall watershed health.  Natural 
vegetation provides benefits including: 

Reduced soil erosion and sedimentation of watercourses; 
Reduced intensity and volume of stormwater; 
Reduced surface water temperatures; 
Maintenance of associated habitat resources; 
Improved water quality; 
Carbon sequestration; and, 
Aesthetic and recreational values. 

Like many of the watersheds in the CLOCA jurisdiction, the 
Oshawa Creek watershed contains a number of distinct 
physiographic regions, resulting in a variety of distinct 
vegetation communities.   

Larger Red Trillium          ©CLOCA 

Turkey Tail Mushroom       ©CLOCA 

       Jack-in-the-Pulpit  © CLOCA 
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Table 27 summarizes the vegetation communities present in the Oshawa Creek watershed. In
addition to the amount of land each community represents in the watershed, the table identifies 
each community as a percentage of all the naturalized areas in the watershed as well as a 
percentage of the total watershed land area.   

Table 27: Summary of the habitat types and their representation in the Oshawa Creek watershed 

*Swamp communities appear in both forest and wetland calculations.  Totals have been adjusted to 
account for this duplication. 

Overall, the Oshawa Creek watershed contains a moderate amount of natural cover (23%).  
Although most of this cover is forest (63%), the watershed only has 15% forest cover across its 
entire area.  This falls well below Environment Canada’s 2004 recommendation of 30% 
minimum forest cover in a watershed.  Total wetland cover is just under 7%, which is also well 
below Environment Canada’s recommendation of 10% wetland cover per watershed. 

Forests 
Forest associations in the Oshawa Creek watershed are typical of the Great Lakes-St. Lawrence 
Forest Region whereby:   

upland forests are generally composed of Sugar maple, American beech, White ash, Red 
oak, White pine and White birch;  
common valley associations include Eastern white cedar, Eastern hemlock, Green ash, 
Manitoba maple and Yellow birch;  
treed swamps are commonly comprised of species such as Poplar, American white elm, 
Basswood, Willow, Silver maple, Red maple, Black ash, Eastern hemlock, Yellow birch, 
and Eastern white cedar; and,  
conifer plantations consist primarily of Red pine, Scots pine and White pine.  

Cultural plantations, deciduous forest and mixed swamps account for the majority of the forest 
types in the watershed and they are concentrated within the ORM and the Lake Iroquois Beach 
(Figure 49). Appendix 5 provides a description of the Ecological Land Classification 
communities.   Large tableland forests are virtually absent within the urban landscapes. 

The ORM and its south slope contain the largest forest blocks within the watershed, although 
few are in excess of 20 ha and many are somewhat fragmented.  Within the Lake Iroquois 
Beach there are also a number of forest units, mostly deciduous and mixed swamps, which 
coincide with the Whitby – Oshawa Iroquois Beach PSW complex and are remnants of that 
which would have once been characteristic of the region.  Urban development in this part of the 
watershed is ongoing and efforts to maintain and improve connections between these forest 
blocks should be a priority.   

Habitat Type 

Oshawa Creek Watershed 
As a % of total land 
area in watershed Cover (ha) 

As a % of total 
natural cover in 

watershed 
Beach/Bar 0.00 0.00% 0.00%
Meadow 467.04 16.50% 3.92%
Successional 491.42 17.36% 4.12%
Forest 1790.45 63.24% 15.02%
Wetland 816.16 28.83% 6.85%
Open Water 19.10 0.67% 0.16%
Total Natural Cover* 2831.19 100% 23.76% 

‘
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Valleylands 
Although highly developed, the Oshawa Creek valleylands, through the urban centre (from the 
Lake Iroquois Beach south to Highway 401) are moderately vegetated, with limited riparian 
cover; an expansive park system forms much of the urban valley.  The valleylands south of 
Highway 401 to Lake Ontario provide the most vegetative cover within the urban area, and are 
also documented as an Environmentally Sensitive Area (ESA) (Gartner Lee, 1978).

Between the Lake Iroquois Beach and the ORM, the valleys are also moderately vegetated, 
although there are some valley sections that are robust enough to contain forest interior 
conditions.  They are most often coniferous in nature: lowland Cedar forest is the dominant 
vegetation type within this feature.  Small deciduous forests, hedgerows and windbreaks divide 
agricultural and pasture lands on the tableland between the Oshawa Creek tributaries.   

Wetlands 
Wetland communities are relatively well-distributed across the Oshawa Creek watershed within 
the valleys, particularly north of the Lake Iroquois Beach, but outside of the valleys there are 
virtually no wetlands.  The vast majority of the wetlands that do exist in the watershed are 
forested swamps, with marsh communities only represented along creek edges and in the 
Oshawa Creek coastal wetland complex (Figure 49). 

Grasslands, Meadows, and Thickets 
Approximately 33% of the vegetation in the Oshawa Creek watershed is regenerating habitat 
(roughly 8% of the landscape).  Most of these areas are cultural meadows, thickets, and 
regenerating swamps, which will succeed into forest if left undisturbed.  These communities 
appear across the watershed and vary in both productivity and quality.  No true prairie-like 
habitats have been identified within this watershed. 

 

View from Purple Woods              ©CLOCA 
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Figure 49: ELC vegetation communities for the Oshawa Creek watershed 
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Subwatershed Findings 
At a subwatershed scale (Table 28), natural cover and community diversity varies widely.   

The Enfield subwatershed is the largest of the Oshawa Creek subwatersheds and has both the 
highest percentage (31%) and the largest area (1114 ha) of natural cover.  It also has the 
highest wetland cover (11%) of all of the Oshawa Creek subwatersheds.  Not surprisingly, it is 
the biggest contributor of natural cover (9%) to the watershed as a whole.  In other words, of 
Oshawa Creek’s 15% forest cover and 6% wetland cover, the Enfield subwatershed contains 
over a third of the forests (5.9%) and half of the wetlands (3.2%).   

The Raglan subwatershed is the second largest subwatershed and is comparable in size to the 
Enfield subwatershed.  As with the Enfield subwatershed, the Raglan subwatershed also has 
some of the highest forest cover (15%) and wetland cover (6.5%) in the watershed, and is a 
significant contributor to the watershed’s overall natural cover.  Together, these two 
subwatersheds contain almost ¾ of the watershed’s natural cover, 70% of the watershed’s 
wetlands, and 2/3 of the watershed’s forests. Clearly there is a disproportionate distribution of 
natural heritage features and services across the Oshawa Creek watershed. 

The Windfields, Kedron, Goodman, and Oshawa Main subwatersheds are all relatively equal in 
size and have comparable amounts of natural cover and forest cover (10-14%).  Where they 
differ significantly is in their wetland cover.  Both the Goodman and Windfields subwatersheds 
contain a good proportion of wetland cover.  Environment Canada (2004) recommends that a 
subwatershed have at least 6% wetland cover, and the Goodman subwatershed is at 8% while 
the Windfields subwatershed is just below that line at 5%.  The Kedron and Oshawa Main 
subwatersheds, by comparison, have only 2.75% and 1.6% wetland cover respectively.  In the 
case of the Windfields and Goodman subwatersheds, their wetland cover is directly related to 
the presence of deciduous and mixed swamps, part of the Whitby – Oshawa Lake Iroquois 
Beach wetland complex, which are representative of this physiographic region as is 
demonstrated throughout the CLOCA jurisdiction.  Despite having portions of the Lake Iroquois 
Beach in their subwatersheds, the Kedron subwatershed in particular, and the Oshawa Main 
subwatersheds no longer (or never did) contain such an abundance of swamps. Consequently 
they have very little wetland cover. 

At the bottom of the watershed are the Montgomery and Harbour subwatersheds.  Despite 
being less than ¼ of the size of the Montgomery subwatershed, the Harbour subwatershed has 
almost as much natural cover (22.7 ha) as the Montgomery subwatershed (28.6 ha).  At 7% 
natural cover, the Montgomery subwatershed is Oshawa Creek’s least vegetated subwatershed.
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Table 28: Summary of the habitat types and their representation in each of the Oshawa Creek subwatersheds 

Habitat Type 

Raglan Subwatershed Enfield Subwatershed KedronSubwatershed 

Cover 
(ha)

As a % of 
total 

natural 
cover in 

the 
subwaters

hed

As a % of 
total land 
use in the 
subwater-

shed

% of  
natural 
cover 

contribu-
tion to 

watershed

Cover 
(ha)

As a % of 
total 

natural 
cover in the 
subwater-

shed

As a % of 
total land 
use in the 
subwater-

shed

% of  
natural 
cover 

contribution 
to 

watershed

Cover 
(ha)

As a % of 
total natural 
cover in the 
subwater-

shed

As a % of 
total land 
use in the 
subwater-
shed

% of  natural 
cover 
contribution 
to watershed

Beach/Bluff 0.00 0.00% 0.00% 0.00% 0.00 0.00% 0.00% 0.00% 0.00 0.00% 0.00% 0.00%
Meadow 144.38 17.71% 4.13% 1.21% 158.38 14.21% 4.51% 1.33% 44.05 19.07% 3.27% 0.37%
Successional 114.06 13.99% 3.26% 0.96% 227.75 20.44% 6.49% 1.91% 44.91 19.45% 3.33% 0.38%
Forest 527.69 64.73% 15.10% 4.43% 706.19 63.37% 20.12% 5.93% 139.38 60.36% 10.34% 1.17%
Wetland 230.15 28.23% 6.59% 1.93% 390.80 35.07% 11.13% 3.28% 37.04 16.04% 2.75% 0.31%
Open Water 0.33 0.04% 0.01% 0.00% 4.76 0.43% 0.14% 0.04% 0.14 0.06% 0.01% 0.00%
Total Natural 
Cover* 815.25 100.00% 23.33% 6.84% 1114.36 100.00% 31.74% 9.35% 230.91 100.00% 17.13% 1.94% 

Habitat Type 

Goodman Subwatershed Oshawa Main Subwatershed Montgomery Subwatershed 

Cover 
(ha)

As a % of 
total 

natural 
cover in 

the 
subwaters

hed

As a % of 
total land 
use in the 
subwater-

shed

% of  
natural 
cover 

contribu-
tion to 

watershed

Cover 
(ha)

As a % of 
total 

natural 
cover in the 
subwater-

shed

As a % of 
total land 
use in the 
subwater-

shed

% of  
natural 
cover 

contribution 
to 

watershed

Cover 
(ha)

As a % of 
total natural 
cover in the 
subwater-

shed

As a % of 
total land 
use in the 
subwater-
shed

% of  natural 
cover 
contribution 
to watershed

Beach/Bluff 0.00 0.00% 0.00% 0.00% 0.00 0.00% 0.00% 0.00% 0.00 0.00% 0.00% 0.00%
Meadow 61.87 26.46% 6.17% 0.52% 10.56 6.25% 1.01% 0.09% 7.58 26.52% 1.96% 0.06%
Successional 45.62 19.51% 4.55% 0.38% 20.90 12.38% 2.00% 0.18% 7.43 25.99% 1.92% 0.06%
Forest 120.00 51.31% 11.96% 1.01% 131.54 77.89% 12.58% 1.10% 13.29 46.48% 3.43% 0.11%
Wetland 83.34 35.64% 8.31% 0.70% 16.77 9.93% 1.60% 0.14% 2.63 9.20% 0.68% 0.02%
Open Water 0.84 0.36% 0.08% 0.01% 0.68 0.40% 0.06% 0.01% 0.00 0.00% 0.00% 0.00%
Total Natural 
Cover* 233.84 100.00% 23.31% 1.96% 168.87 100.00% 16.16% 1.42% 28.59 100.00% 7.38% 0.24% 
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Habitat Type 

Windfields Subwatershed Harbour Subwatershed 

Cover 
(ha)

As a % of 
total 

natural 
cover in 

the 
subwater-

shed

As a % of 
total land 
use in the 
subwater-

shed

% of  
natural 
cover 

contribu-
tion to 

watershed

Cover 
(ha)

As a % of 
total 

natural 
cover in the 
subwater-

shed

As a % of 
total land 
use in the 
subwater-

shed

% of  
natural 
cover 

contribution 
to 

watershed

Beach/Bluff 0.00 0.00% 0.00% 0.00% 0.00 0.00% 0.00% 0.00%
Meadow 32.14 14.83% 3.09% 0.27% 8.08 35.65% 9.25% 0.07%
Successional 28.50 13.15% 2.74% 0.24% 2.26 9.95% 2.58% 0.02%
Forest 152.37 70.32% 14.64% 1.28% 0.00 0.00% 0.00% 0.00%
Wetland 54.48 25.14% 5.23% 0.46% 0.94 4.14% 1.07% 0.01%
Open Water 0.03 0.01% 0.00% 0.00% 12.33 54.40% 14.11% 0.10%
Total Natural 
Cover* 216.69 100.00% 20.81% 1.82% 22.67 100.00% 25.95% 0.19% 

*Swamp communities appear in both forest and wetland calculations.  Totals have been adjusted to account for this duplication. 
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3.3.3  Wildlife  
 
3.3.3.1  Core Habitat Areas 
Three core wildlife habitat areas have been identified within the Oshawa Creek watershed 
(Figure 50).  These areas are generally contained within the Lake Ontario shoreline, the 
Iroquois Shoreline, and the Oak Ridges Moraine physiographic regions of the watershed, and 
consist of multiple habitat patches.  For the purposes of this discussion, the core habitat areas 
in the Oshawa Creek watershed have been labelled (from south to north) as follows: 

Oshawa Valleylands
Between Bloor Street and Oshawa Harbour the Oshawa Creek valley has remained relatively 
robust and unfragmented.  In some sections it is even large enough to contain small patches of 
forest interior (Figure_50).  Although recreational and urban disturbances in the Oshawa 
Valleylands are high, its proximity to Lake Ontario makes it a prime stopover site for migratory 
songbirds flying along the shoreline.  This important function, in addition to the fact that it is 
the largest forest block remaining in the Oshawa Main  subwatershed, and indeed the south 
part of the watershed, makes this section of the Oshawa Creek valley an important wildlife 
area. 

At the bottom of this core habitat is a portion of the Oshawa Creek Coastal Wetland Complex.  
This marsh is small and of low quality, but does contribute to the diversity of habitats in the 
Oshawa Valleylands thereby increasing its value to wildlife.  It is also the only coastal wetland in 
the Oshawa Creek watershed. 

The habitat diversity contained within this one small section of the watershed is surprising.  
Habitat types include: meadow, thicket, deciduous and mixed forest, deciduous and thicket 
swamp, and meadow and shallow marsh.  It is also in close proximity to both Pumphouse 
(west) and Oshawa Second (east) marshes, making it an ideal stepping stone for wildlife 
movement. This core habitat area, although small in relation to some of the other habitats in 
the CLOCA jurisdiction, is an important component of the natural heritage system within the 
Oshawa Creek watershed. 

Taunton North
This core habitat area is made up of numerous habitat patches, all within 250 m of each other 
and all contained within the Iroquois Beach physiographic region of the watershed.  It spans 
the entire width of the watershed and encompasses the top end of the Goodman subwatershed 
and the bottom of the Windfields and Kedron subwatersheds. 

The Taunton North core habitat includes a good diversity of habitat types.  In fact, every ELC 
community present within the entire Oshawa Creek watershed (Appendix 5) is represented in 
this core habitat area.  This includes regenerating habitats, plantations, forests, swamps, open 
water and marshes. 

Many of the forest blocks in this core habitat area are large enough to contain forest interior 
conditions.  Altogether they contain approximately 10.5 ha of forest interior, which is about 
10% of all of the forest interior in the Oshawa Creek watershed.  No forest blocks are large 
enough to contain deep forest interior however (Figure 50). 
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Although there is little habitat connectivity between Taunton North and the core habitats within 
the Black-Harmony-Farewell watershed to the east, there is a very strong connection between 
this core habitat and those to the west within the Pringle and Lynde Creek watersheds (Figure 
50).  The close proximity of the numerous habitat patches along the Lake Iroquois Beach 
(Ritson Rd. to Audley Rd.) enables them to function, in many aspects, as one habitat area 
because many wildlife species can move between them for resources or refuge.  Maintaining 
direct connectivity between these habitats is extremely important to maintaining overall 
biodiversity in the central part of the Oshawa Creek watershed.  Efforts should be made to 
preserve and enhance the connectivity within the Taunton North core habitats. Decisions with 
respect to future development within this area should be cognizant of this important core 
habitat and its connectivity to similar core habitats to the west, recognizing this as a significant 
watershed resource. 

Enfield – Purple Woods
Across the Oak Ridge Moraine there are a number of larger habitats.  Among these are the 
Purple Woods Conservation Area, Trillium Valley (west of Simcoe St. N.), Mt. Carmel Woods, 
and Enfield Woods in Clarington, as well as several other unnamed habitat areas.  For the 
purposes of this discussion they have been grouped into one core habitat area, largely because 
of their geographic location on the Moraine. 

Although the habitats are not all the same, they are all within 2 km of each other, and therefore 
have the capacity to function as one larger core habitat area for many wildlife species.  A very 
high diversity of habitat types exists in this core area and some of the watershed’s largest and 
highest quality deciduous and mixed forests, deciduous and mixed swamps, and regenerating 
habitats are also found here. 

Wildlife species within each of the habitats varies with the type of habitat present:  amphibian 
breeding areas are present within the deciduous and mixed swamp habitats, particularly in the 
Enfield wetlands where vernal pooling occurs; and, forest interior and area sensitive birds have 
been identified in many of the larger habitat patches such as Trillium Valley, Purple Woods, Mt. 
Carmel, and Enfield Woods. 

Much of the watershed’s forest interior, and all of its deep forest interior, is also located in the 
Enfield – Purple Woods core habitat area (Figure 50). Approximately 75 ha of forest interior is 
scattered throughout the forest patches in this area.  Many of the units are small, but 3 of the 
patches (Trillium Valley, Enfield Woods and a woodlot at the north end of Enfield Rd) are large 
enough to contain deep forest interior conditions.  Altogether, the Enfield – Purple Woods core 
habitat area contains roughly 76% of all of the forest interior in the Oshawa Creek watershed, 
and 100% (6.7 ha) of the deep forest interior in the watershed.  
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Figure 50: Habitat Network and Forest Interior for the Oshawa Creek Watershed 
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3.3.3.2  Wildlife Movement 
The Oshawa Creek watershed has examples of regional, landscape and local corridors, and 
these are shown in Figure_50.

Regional Corridors
Within the Oshawa Creek watershed, there are 3 recognized regional corridors.  They run in an 
east to west direction along the Lake Ontario Shoreline, the Lake Iroquois Beach, and the Oak 
Ridges Moraine.  These corridors include the core habitat areas as well as vegetation patches 
within these physiographic regions.  This overlap exists because regional corridors function at a 
large scale and include multiple watersheds.  When the CLOCA jurisdiction is viewed in its 
entirety these regional corridors become much more evident. 

The Lake Ontario Shoreline corridor connects the 
shoreline habitats in the Oshawa Creek watershed 
(Oshawa Valleylands) with adjacent shoreline habitats 
to the west (Goldpoint Marsh and Pumphouse Marsh) 
and east (Oshawa Second Marsh and McLaughlin 
Bay).  This corridor is used by all sorts of wildlife, but 
is particularly important to migratory songbirds, 
waterfowl, shorebirds and raptors.     

Although a corridor width for the Lake Ontario 
Shoreline has not been prescribed, some guidelines 
have been developed.  The Significant Wildlife Habitat Decision Support System (OMNR, 2002) 
states that habitats within 5 km of the shoreline are important to migratory birds and 
recommends that they be maintained in natural cover.  A study conducted by the Nature 
Conservancy of Canada (NCC) states that habitat sites within 1 km of the shoreline support a 
greater abundance and richness of migrants compared with sites located 3-4 km inland (Agard 
et al., 1993).  Based on this data, the NCC recommends maintaining brushy or forested habitats 
within 1 km of the Lake Ontario Shoreline to positively affect migrant songbird populations.  In 
the Oshawa Creek watershed, within the Oshawa Main subwatershed, the maximum shoreline 
corridor width exceeds this recommendation; however it is very narrow as it is confined to the 
Oshawa Valleylands.  The Harbour and Montgomery subwatersheds, which make up the 
remainder of the available habitat in this regional corridor, are poorly vegetated.  As such, the 
Lake Ontario Shoreline regional corridor in the Oshawa Creek watershed is highly degraded. 

The Lake Iroquois Beach corridor is surprisingly continuous throughout the Oshawa Creek 
watershed.  Strong connections exist between this watershed and the Pringle and Lynde Creek 
watersheds to the west across the Lake Iroquois Beach, and efforts should be made to preserve 
and enhance this corridor.  Unfortunately this regional corridor has been severely impacted by 
urban development to the east.  Connectivity between the Taunton North core habitats and the 
Harmony – Farewell Iroquois Beach wetland complex in the Black/Harmony/Farewell Creek 
watershed is virtually nonexistent. 

Red Fox         ©CLOCA 
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Landscape Corridors
Landscape corridors generally connect core habitat areas and/or extend across the length of the 
watershed.  In the Oshawa Creek watershed, these corridors traverse through the Oshawa 
Main, Windfield, Raglan, Kedron, and Enfield subwatersheds.  

Within the Oshawa Main subwatershed, the landscape corridor which connects the Lake Ontario 
shoreline to the Taunton North core habitats and the Lake Iroquois Beach regional corridor is 
highly fragmented.  South of Bloor St. and north of Rossland Rd. the corridor is generally of 
high quality and regularly exceeds 100 m in width.  Between these roads there are isolated 
patches of higher quality habitat but overall this section is poorly vegetated.  Manicured park 
lands and dense urban development along this section of the creek have resulted in a severe 
break in this corridor. 

To the north of the Iroquois Beach the landscape corridors branch out to the east and west.  In 
the Windfields and Raglan subwatersheds, the corridors are generally continuous with some 
areas of high quality vegetation that are large enough to support forest interior conditions. In 
areas where the corridor is not well vegetated, the surrounding land use is at least undeveloped 
or agricultural, making the corridor suitable for many wildlife species. 

In the Kedron and Enfield subwatersheds, the landscape corridors are similarly robust.  There is 
some fragmentation, but not as a result of intense urban development, and much of the 
corridor is continuously vegetated. 

Widow Dragonfly          ©CLOCA 
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Local Corridors 
Local corridors generally connect larger corridors or core habitat areas with secondary habitat 
areas, labelled as vegetation in Figure 50. Several local corridors exist throughout the Oshawa 
Creek watershed and one or more can be found in every subwatershed except Harbour and 
Montgomery.  The Harbour subwatershed is so small that there is little opportunity or need for 
a corridor, however, the only natural cover in the Montgomery subwatershed is along the creek 
and consequently there are no habitats to connect. 

A local corridor connects the landscape corridor in the Oshawa Main 
subwatershed with the Taunton North core habitats in the Goodman  
subwatershed.  Ideally the local corridor that follows the length of 
the creek should be a landscape quality; however urban 
development on either side of the creek is so dense that it is 
unlikely that a landscape quality corridor could ever be achieved in 
this subwatershed.  Consequently it has been identified as a local 
corridor only.  Despite some restoration works that have been done 
on this corridor, it remains highly degraded. 

To the north of the Iroquois Beach, in the Windfields, Raglan, 
Kedron, and Enfield subwatersheds, there are numerous local 

corridors of varying lengths and qualities. In some instances the size of the corridors exceeds 
100 m and they have remained relatively continuous.  In other locations the corridors have 
been fragmented by agriculture or have been cleared for other reasons.  

3.3.3.3  Movement Barriers 

As with most corridors in urban environments, movement barriers exist in the Oshawa Creek 
watershed.  Roads are a primary barrier, and between Lake Ontario and the Oak Ridges 
Moraine there are many.   

Although deer and other large mammals are not as impeded by roads as reptiles or amphibians, 
they are certainly not immune to their impacts.  Even birds are susceptible to road collisions.  
While it is not reasonable to expect that roads within movement corridors be removed, there 
are means of making roads more passable for wildlife.  Culverts or bridges beneath busy roads 
at vulnerable locations, such as known corridors, can make roads less of a barrier to movement 
and reduce road mortalities from automobiles. 

©Keith Isnor Blue Jay 
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3.3.3.4  Species at Risk 

Many species have particular habitat needs and are sensitive to habitat loss, fragmentation and 
degradation.  Often, these species are species at risk, as identified federally by COSEWIC and 
provincially by COSSARO.   

Because of their sensitivities to habitat change, it is valuable to know what species at risk are 
present in an area as they can indicate the types of habitat present, as well as the quality and 
quantity of those habitats.  This information also helps with the management of existing habitat 
areas.   

Table 29 provides a list of the species that have been observed and reported within this 
watershed. The list includes only those species that have been designated as either federally or 
provincially at risk, or are currently tracked by the OMNR via the Natural Heritage Information 
Centre (NHIC).  A “tracked” species is generally one that has been given a provincial rank of 1, 
2, or 3 by the Ontario Ministry of Natural Resources. 

While some of the species at risk observed in the Oshawa Creek watershed are not known to 
use the Oshawa Creek habitats for breeding, the seasonal or temporary presence of these 
species for foraging or shelter still offers insight into the value that these natural areas provide 
for wildlife.  Similarly, historical records of species at risk (>20 years old) have been included in 
the table as they can be considered relevant for monitoring change in a watershed over time, or 
acting as targets to guide potential habitat restoration. 

It should be noted that this list, while valuable, is not comprehensive.  Species observations 
tend to be concentrated in public natural areas as these locations are accessible to observers.  
Observations from privately owned lands, which constitute the vast majority of the watershed, 
are much more difficult to obtain.

                      ©CLOCA 
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In conclusion, overall, the Oshawa Creek watershed is 
in moderate condition from a terrestrial resources 
perspective.  It has some high quality, well-connected 
habitat areas, many of which provide forest interior 
conditions and support area sensitive species.  
However, the quality of the entire terrestrial network is 
degraded as a result of some habitat and corridor 
fragmentation from land use development.  Growth, 
while feasible in this watershed, must be done 
strategically with consideration for the maintenance of 
the habitat network.  Numerous restoration 
opportunities also exist, which could contribute 

significantly to the strength of the natural heritage system in this watershed.   

Table 30 outlines the parameters used to indicate watershed health and the conditions which 
currently exist in the Oshawa Creek watershed.  

  ©Keith Isnor Lesser Yellowlegs 
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Table 29: Species of Conservation Concern* in the Oshawa Creek Watershed 
Common Name Scientific Name Breeding 

Record 
Location (Sub-

watershed) 
Tracked 

Species** COSEWICa COSSAROa SARAb Global 
Rankc 

Provincial 
Rankc 

Durham 
Rankd 

BSC 
Prioritye 

Birds 

Bald Eagle Haliaeetus leucocephalus No ES, GC, MB Yes N E 4 4 N 1
Barn Owl Tyto alba No EN, ES, MB Yes E E 5 1 N
Black Tern Chlidonias niger No MB Yes N S 4 3 S 1
Black-crowned Night-heron Nycticorax nycticorax No H Yes 5 3 I 1
Bohemian Waxwing Bombycilla garrulus No WN Yes 5 2 N
Bufflehead Bucephala albeola No WN, MB Yes 5 3 N
Canada Warbler Wilsonia canadensis No MB No T 5 5 R 2
Chimney Swift Chaetura pelagica No ES, MB No T 5 5 U
Common Eider Somateria mollissima No H Yes 5 1 N

Common Nighthawk Chordeiles minor No WN, GC, MB, 
MONT No T 5 4 S 1

Golden Eagle Aquila chrysaetos No MB Yes N E 5 1 N
Great Black-backed Gull Larus marinus No H Yes 5 2 N
Great Gray Owl Strix nebulosa No WS, GC, MB Yes N S 5 3 N
Ivory Gull Pagophila eburnea No H No E 1 5 N
Loggerhead Shrike Lanius ludovicianus No GC, MB Yes E E 1 4 2 I 1
Northern Bobwhite Colinus virginianus No WN Yes E E 1 5 1 N
Northern Shrike Lanius excubitor No GC, MB Yes 5 2 N
Olive-sided Flycatcher Contopus cooperi No MB No T 4 5 I 2
Parastic Jaeger Stercorarius parasiticus No H Yes 5 2 N
Peregrine Falcon Falco peregrinus No GC, MB Yes S T 1 4 2 N
Prothonotary Warbler Protonotaria citrea No MB Yes E E 1 5 1 N

Red-headed Woodpecker Melanerpes 
erythrocephalus No MB Yes T S 3 5 3 V 1

Red-necked Grebe Podiceps grisegena No H Yes N 5 3 N
Red-shouldered Hawk Buteo lineatus No WN, ES, MB Yes N 3 5 4 R 1
Red-throated Loon Gavia stellata No MB Yes 5 1 N
Rough-legged Hawk Buteo lagopus No GC, MB Yes N 5 1 N
Ruddy Duck Oxyura jamaicensis No H Yes 5 2 I
Rusty Blackbird Euphagus carolinus No GC, MB No S 5 5 N
Short-eared Owl Asio flammeus No GC Yes S S 3 5 3 N 1
Tufted Titmouse Baeolophus bicolor No MB Yes 5 2 N
Tundra Swan Cygnus columbianus No MB Yes 5 3 N
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Common Name Scientific Name Breeding Record Location (Sub-
watershed) 

Tracked 
Species** COSEWICa COSSAROa SARAb Global 

Rankc 
Provincial 

Rankc 
Durham 
Rankd 

BSC 
Prioritye 

Vegetation 

American Ginseng Panax quinquefolius N/A EN Yes E E 1 3 2 R
Arrow-arum Peltandra virginica N/A MB Yes 5 2
Black Gum Nyssa sylvatica N/A MB Yes 5 3
Brainerd's Hawthorn Crataegus brainerdii N/A ES Yes 5 2
Burning Bush Euonymus atropurpurea N/A WS Yes 5 3 R
Butternut Juglans cinerea N/A WN, EN, ES, MB Yes E E 1 3 3 C
Cherry Birch / Sweet Birch Betula lenta N/A MB Yes E E 1 5 1
Flowering Dogwood Cornus florida N/A WS, ES, MB Yes E 5 2
Hairy Small-leaved Tick-treefoil Desmodium ciliare N/A MB Yes 5
Honey Locust Gleditsia triacanthos N/A WS, ES, GC Yes 5 2 C
Northern Fox Grape Vitis labrusca N/A WS, ES Yes 5 1
Nuttall Waterweed Elodea nuttallii N/A MB Yes 5 3
Pale Avens Geum virginianum N/A MB Yes 5 1
Prairie June Grass Koeleria macrantha N/A ES Yes 5 3
Red Mulberry Morus rubra N/A MB Yes E E 1 5 2 R
Small-flower Groovebur Agrimonia parviflora N/A ES Yes 5 3
Spring Birch / River Birch Betula occidentalis N/A ES Yes 4 3
Swamp Rose-mallow Hibiscus moscheutos N/A MB Yes S S 1 5 3
Virginia Yellow Flax Linum virginianum N/A MB Yes 4 2
White Milkweed / Variegated Milkweed Asclepias variegata N/A MB Yes 5
Wild Hyacinth Camassia scilloides N/A GC Yes T T 1 4 2
Winged Loosestrife Lythrum alatum N/A WS Yes 5 3
Winter Bentgrass Agrostis hyemalis N/A MB Yes 5 1
* Listed as Endangered, Threatened or Special Concern either federally or provincially, or tracked by the NHIC.
** Breeding occurrences are tracked by the OMNR via the NHIC
a Ranks as determined by COSEWIC (Feb 2008) and COSSARO (Feb 2008).  E (Endangered), T (Threatened), S (Special Concern), N (Not at Risk), DD (Data Deficient)
b Species appears on Schedule 1, 2, or 3 of the Species at Risk Act
c Most recent global and provincial rankings listed by OMNR.
d Bird rankings: Tozer & Richards, 1974 and Bain & Henshaw, 1993.  Butterfly rankings: Kamstra, 1992. Reptile rankings: Kamstra, 1990. Vegetation rankings: Varga et al., 2000. A (Abundant), C (Common), U 
(Uncommon), S (Scarce), R (Rare), V (Very Rare), I (Irregular), N (Non-breeder), H (Historical)
e Bird Studies Canada List of Priority Species for the Regional Municipality of Durham (2000).  Conservation priorities ranked from 1 (highest concern) to 5 (lowest concern).
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Table 30: Summary of Environment Canada's AOC Wetland and Forest Habitat Restoration Guidelines 
(modified from Environment Canada, 2004). 
Parameter Guideline(s) Existing Conditions 
Wetland  Habitat Guidelines
Percent 
wetlands in 
watersheds 
and 
subwatersheds

Greater than 10% of each 
major watershed in 
wetland habitat;
Greater than  6% of each 
subwatershed in wetland 
habitat; or
Restore to original 
percentage of wetlands in 
the watershed.

Oshawa Creek watershed has approximately 7% wetland 
habitat.

Only 3 of the 8 subwatersheds in the Oshawa Creek 
watershed have greater than 6% wetland habitat (Table 
7). 

Wetland type The only wetland types 
suitable for widespread 
rehabilitation are swamps 
and marshes

Swamps are the predominant wetland type with some 
marsh representation.

Wetland 
location

Wetlands are key in 
headwater areas for 
groundwater discharge and 
recharge, flood plains for 
flood attenuation, and 
coastal wetlands for fish 
production

Many wetlands occur in headwater areas and within the 
Lake Iroquois Beach but the majority are found in the 
floodplains and along the creek.  
The watershed has 1 provincially significant coastal 
marsh.  Significant coastal wetlands also occur on either 
side of the watershed.

Forest Habitat Guidelines
Percent forest 
cover

30% (minimum) of 
watershed should be in 
forest cover

15% of the Oshawa Creek watershed is in forest cover.

Size of largest 
forest patch

At least one 200 ha forest 
patch which is a minimum 
of 500 m wide

There are no 200 ha forest patches within the Oshawa 
Creek watershed.  The largest forest patch is just over 
60 ha.

Percent of 
watershed 
that is forest 
interior and 
deep forest 
interior

Greater than 10% forest 
interior (100 m from forest 
edge);
Greater than 5% deep 
forest interior (200 m from 
forest edge).

0.83 % of the Oshawa Creek watershed is 100 m or 
further from a forest edge.
0.06 % of the Oshawa Creek watershed is 200 m or 
further from a forest edge.

Forest shape Forest patches should be 
circular or square in shape

There are a few compact forest patches in the 
watershed, but the majority of them are fragmented by 
roads, agriculture, or residential development. 

Proximity to 
other forested 
patches

Forest patches should be
within 2 km of one another 
or other supporting habitat 
features

Within the physiographic regions of the Oak Ridges 
Moraine, the Lake Iroquois Beach and the Lake Ontario 
Shoreline, the larger forest patches are generally within 
2 km of one another.  Outside of these regions, forest 
patches are generally not within 2 km of each other.

Fragmented 
landscapes 
and the role of 
corridors

Corridors designed to 
facilitate species 
movement should be a 
minimum of 50 m to 100 
m in width.  

Corridors in the watershed are generally greater than 50 
m wide but not consistently. In some locations corridor 
widths exceed 100 m. 
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3.4 Conclusion 

It has been 8 years since the original Oshawa Creek Watershed Plan (2002) was adopted.  
Since that time, some things within the watershed have changed and some things continue to 
remain the same.  This report provides updates to Section 3.0 – Existing Conditions and Section 
4.0 – Summary of Existing Conditions.  A new subsection – 1.7- Addendum has been added to 
Section 1.0 – Introduction outlining the need for the addendum and the approach taken.   
Section 2.0 – History of the Watershed has not been revised.  One significant change the reader 
will note is the use of different names for the subwatersheds.  These new names better reflect 
the geographical location of the drainage area, making the subwatershed areas more 
recognizable to the reader.   

Since 2002 there have been many changes in Provincial Policy and local municipal planning 
policy that play a significant role in guiding future growth within this watershed.  These changes 
set out both the amount and form of growth that will occur within this area.  In tandem with 
these growth policies came the establishment of environmental and agricultural protection 
policies through the adoption of the ORMCP, the Greenbelt Plan and the 2005 PPS.  These 
policies in totality have very much changed the planning policy regime within this watershed.  
Information regarding these different planning initiatives and their importance with respect to 
future growth within this watershed is discussed in Section 3.1.1.  These new policies will play a 
guiding role in the development and evaluation of alternative management scenarios and 
watershed management recommendations to be undertaken and reported on in Section 5.0.     

New water quality and water quantity information for both groundwater and surface water has 
been provided reflecting new methodologies and analysis as well as updated information.   This 
information has been made possible through the scientific advances and significant investment 
made in recent years in modeling and reporting on water budgets; work which has been vital in 
understanding the important groundwater contribution of the ORM, and fulfilling the 
requirements of the Clean Water Act and Source Water Protection initiative.  In Durham, the 
work of the York/Durham/Peel/Toronto (YPDT) Groundwater Study has been significant in the 
continued advancement of knowledge with respect to understanding the hydrogeological 
regime of watersheds within CLOCA.  Climatic information is an important element in the 
modeling of water budget components.  As such, more detailed climate information is available 
and has been presented in this report.   

Stormwater management and imperviousness play important roles in the functioning and health 
of the watershed.  As such, two new sections have been added, reporting on these areas.    
Stormwater management controls within an urbanizing watershed are important in controlling 
flow during storm events, and in filtering sediment and contaminants which would otherwise go 
directly to the streams through runoff and overland flow.    Determining imperviousness within 
the watershed is an important component in evaluating watershed health because as 
imperviousness increases, it negatively influences groundwater infiltration, affects the health of 
the aquatic environment, impacts wetland health and resiliency, and can increase stream flow 
rate and volume during storms.   

The hydrologic model has not been changed or updated, so much of the hydrologic information 
remains the same, including fluviogeomorphology.  Yet it is important to note that since the 
Plan (2002) was released, the areas in which the Authority governed development activities 
through the Fill Construction and Alteration to Waterways Regulation” has changed as this 
Regulation was amended through Ontario Regulation 97/04.  CLOCA now regulates 
development through the Regulation of Development, Interference with Wetlands and 
Alterations to Shorelines and Watercourses – Ontario Regulation 42/06.    
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Lastly, the Fisheries and Aquatic Habitat and Terrestrial Natural Heritage (vegetation and 
wildlife) sections have been revised and updated.  Although the information provided in the 
Plan (2002) provides valuable background information and will be important in trend analysis,
there was a need to revisit these sections in part due to the considerable change in land use 
that has been experienced within this watershed, but also to include the significant fisheries, 
terrestrial and wildlife monitoring data that has been collected in the last 8 years within this 
watershed.   

At this time, Section 5.0 – Watershed Management Plan, has not been revised.  The next step 
for the Authority will be to review the applicability of the recommendations made in the Plan 
(2002) as some may no longer be relevant, some may have been implemented, and some may 
need to be updated and revised.    Also, the information collected and reported on in the 
Addendum will enable the Authority to evaluate the watershed’s response to various future 
scenarios.  Modeling, review, and assessment will be undertaken to evaluate the potential 
changes and the watershed’s response.  Findings will be reported on in the next step and 
management recommendations will be made, essentially revising Section 5.0 of the Plan 
(2002).   
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APPENDIX 1 & 2 CLOCA Surface Water Monitoring Sampling Parameters  

Central Lake Ontario Conservation Authority – Surface Water Monitoring Sampling Parameters 

Appendix 1.  Surfacewater Samples - MOE Laboratory  Appendix 2.  Surfacewater Samples - York-Durham Environmental Laboratory  

PARAMETER DESCRIPTION UNITS Grp   PARAMETER DESCRIPTION UNIT Grp 
 

ANALYTE 
Transfe
r Code 

UNIT MDL 
Gr
p 

 
ANALYTE 

Trans
fer 

Code 
UNIT MDL Grp 

ALKALINITY, TOTAL mg/L     
C

MOLYBDENUM,UNFILTERED 
TOTAL ug/L     

M
Alkalinity as CaCO3    ALK mg/L     10.0

C
Lead as Pb        Pb mg/L     

0.000
7

M

ALUMINIUM, UNFILTERED TOTAL ug/L     
M

NICKEL, UNFILTERED TOTAL ug/L     
M

Aluminium as Al         Al mg/L     
0.000
7

M
Magnesium 
as Mg               Mg mg/L     0.04

C

AMMONIUM, TOTAL   UNFIL.REAC mg/L     
NITRATES TOTAL,   UNFIL.REAC mg/L     

C
Ammonia + 
Ammonium as N        

NH3 mg/L     0.03
Manganese 
as Mn               Mn mg/L     

0.000
1

M

BARIUM,  UNFILTERED TOTAL ug/L     
M

NITRITE,  UNFILTERED 
REACTIVE mg/L     

C
Antimony as Sb         Sb mg/L     0.003

Molybdenum 
as Mo               Mo mg/L     

0.000
2

M

BERYLIUM,UNFILTERED TOTAL ug/L     
M

NITROGEN,TOT,KJELDAHL/UNF.R
EA mg/L     

C
Arsenic as As             As mg/L     

0.000
7 Nickel as Ni       Ni mg/L     

0.000
1

M

CADMIUM, UNFILTERED TOTAL ug/L     
M

PH (-LOG H+ CONCN) none
C

Barium as Ba             Ba mg/L     
0.000
1

M
Nitrate as N      NO3 mg/L     0.03

C

CALCIUM, UNFILTERED TOTAL mg/L     
C

PH FIELD none
C

Beryllium as Be          Be mg/L     
0.000
2

M
Nitrite as N       NO2 mg/L     0.05

C

CHLORIDE,         UNFIL.REAC mg/L     C PHOSPHATE,FILTERED REACTIVE mg/L     C BOD (5 day)              BOD mg/L     0.2 pH (Units)         pH Units    0.01 C

CHROMIUM, UNFILTERED TOTAL ug/L     
M

PHOSPHORUS,UNFILTERED 
TOTAL mg/L     

C
Cadmium as Cd         Cd mg/L     

0.000
1

M
Phosphate as 
P                     PHO mg/L     0.1

C

COBALT,   UNFILTERED TOTAL ug/L     
M

POTASSIUM,UNFILTERED TOTAL mg/L     
C

Calcium as Ca            Ca mg/L     0.13
C

Potassium as 
K                     K  mg/L     0.02

C

CONDUCTIVITY, 25C ug/L     
C

RESIDUE,PARTICULATE mg/L     
Calculated 
Conductivity              CCD

umho/
cm 0.01

C
Selenium as 
Se                    Se mg/L     0.002

M

CONDUCTIVITY, AMBIENT ug/L     
C

SODIUM,   UNFILTERED TOTAL mg/L     
C

Calculated 
Dissolved Solids         CDS mg/L     20

C
Sodium as Na    Na mg/L     0.2

C

COPPER,   UNFILTERED TOTAL ug/L     
M

STRONTIUM, UNFILTERED TOTAL ug/L     
M

Chloride as Cl            CHL mg/L     0.1
C

Strontium as 
Sr                    Sr mg/L     

0.000
1

M

DISSOLVED OXYGEN mg/L     
C

TEMPERATURE, WATER º C Chromium as Cr         Cr mg/L     
0.000
3

M
Sulphate as 
SO4                 SO4 mg/L     0.2

C
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Appendix 1.  Surfacewater Samples - MOE Laboratory  Appendix 2.  Surfacewater Samples - York-Durham Environmental Laboratory  

PARAMETER DESCRIPTION UNITS Grp   PARAMETER DESCRIPTION UNIT Grp 
 

ANALYTE 
Transfe
r Code 

UNIT MDL 
Gr
p 

 
ANALYTE 

Trans
fer 

Code 
UNIT MDL Grp 

HARDNESS,   TOTAL mg/L     
C

TITANIUM,  UNFILTERED TOTAL ug/L     
M

Cobalt as Co              Co mg/L     
0.000
2

M
Suspended 
Solids               SUS mg/L     0.9

C

IRON,     UNFILTERED TOTAL ug/L     
M

TURBIDITY Forman Colour                      COL TCU          1
C

Titanium as 
Ti                     Ti mg/L     

0.000
1

M

LEAD,     UNFILTERED TOTAL ug/L     
M

VANADIUM, UNFILTERED TOTAL ug/L     
M

Conductivity  
(umho/cm)                CON

umho/
cm  0.01

C
Total Anions      TAN meq/L    0.01

L

MAGNESIUM,UNFILTERED TOTAL mg/L     
C

ZINC,  UNFILTERED TOTAL ug/L     
M

Copper as Cu             Cu mg/L     
0.000
2

M
Total Cations     CAT meq/L    0.01

L

MALATHION
nanogra
m  

P
Fluoride as F             FLU mg/L     0.04

C
Total Kjeldahl 
Nitrogen           TKN mg/L     0.05

C

MANGANESE,UNFILTERED TOTAL ug/L     
M

Hardness as CaCO3    HAR mg/L     1.0
C

Total 
Phosphorus 
as P                 P  mg/L     0.006

C

METHOPRENE
nanogra
m  Ionic Balance             ION %        0.01

L
Turbidity 
(NTU)               TUR NTU      0.050

C

METHOPRENE ACID
nanogra
m  Iron as Fe                 Fe mg/L     

0.000
2

M
Vanadium as 
V                     V  mg/L     

0.000
3

M

METHOXYCITRONELLAL
nanogra
m  Langelier Index          LIX          -2.0 Zinc as Zn         Zn mg/L     

0.000
2

M

Parameter Groups (From MOE Lab)

General Chemistry C

Metals M

Pesticides P

Pesticides Special PS

Pesticides 1 P1

List 3196 L
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APPENDIX 3 Water Quality Exceedances on PWQO and CESI 

Limits Station Sampling 
Date Arsenic Cadmium Chloride Cobalt Copper

Cyanide
and 

compounds
Iron Nickel

Nitrate 
(Filtered
Reactive)

Nitrate 
(Total, 
Filtered
Reactive)

Nitrate 
as N Lead Phenolics Phosphorous, 

Total Zinc

PWQO, 
1994 0.005 0.0002 0.9 5 5 0.3 25 5 30

CESI, 
2010

(CCME)
150 2.93 2.93 2.93 1000 30 7.5

Unit mg/l mg/l mg/l ug/l ug/l ug/l mg/l ug/l mg/l mg/l mg/l ug/l ng/L ug/l ug/l

SWQ2 26/10/1965 41 0.6 0.5 118

SWQ2 07/02/1966 39 0.59 0.25 150

SWQ2 03/05/1966 60 0.66 0.16 320

SWQ2 15/06/1966 7 294

SWQ2 06/07/1966 39 1.73 4 275

SWQ2 13/02/1967 44 0.77 0.4 46

SWQ2 13/03/1967 36 3.6 0.6 333

SWQ2 28/03/1967 29 3.58 0.6 216

SWQ2 10/04/1967 44 2.15 0.5 92

SWQ2 27/04/1967 28 0.78 2.5 52

SWQ2 23/05/1967 41 0.55 0.05 75

SWQ2 13/06/1967 31 0.15 101

SWQ2 11/07/1967 27 1.92 0.18 343

SWQ2 09/08/1967 22 1.55 4000 62

SWQ2 11/09/1967 39 1.12 193

SWQ2 11/10/1967 20 1.73 0.1 121

SWQ2 13/11/1967 36 2.3 0.4 75
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Limits Station Sampling 
Date Arsenic Cadmium Chloride Cobalt Copper

Cyanide
and 

compounds
Iron Nickel

Nitrate 
(Filtered
Reactive)

Nitrate 
(Total, 
Filtered
Reactive)

Nitrate 
as N Lead Phenolics Phosphorous, 

Total Zinc

SWQ2 11/12/1967 65 0.98 0.3 588

SWQ2 23/01/1968 226 0.1 327

SWQ2 12/02/1968 80 0.3 458

SWQ2 05/03/1968 59 0.1 229

SWQ2 25/03/1968 59 2.92 0.68 425

SWQ2 16/04/1968 93 0.63 173

SWQ2 06/05/1968 113 1.75 0.31 120000 88

SWQ2 28/05/1968 135 0.98 0.26 719

SWQ2 24/06/1968 317

SWQ2 15/07/1968 23 2.6 0.1 176

SWQ2 06/08/1968 38 2.28 0.45 294

SWQ2 03/09/1968 28 0.27 199

SWQ2 23/09/1968 67 0.16 490

SWQ2 22/10/1968 41 2.25 0.29 275

SWQ2 04/11/1968 26 0.41 216

SWQ2 25/11/1968 99 0.21 291

SWQ2 16/12/1968 55 1.2 425

SWQ2 20/01/1969 93 0.83 330

SWQ2 10/02/1969 56 0.68 150

SWQ2 03/03/1969 78 1.9 0.59 420

SWQ2 24/03/1969 56 0.75 200

SWQ2 14/04/1969 30 0.95 0.6 96

SWQ2 05/05/1969 80 1.5 0.22 300

SWQ2 26/05/1969 90 0.21 390
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Limits Station Sampling 
Date Arsenic Cadmium Chloride Cobalt Copper

Cyanide
and 

compounds
Iron Nickel

Nitrate 
(Filtered
Reactive)

Nitrate 
(Total, 
Filtered
Reactive)

Nitrate 
as N Lead Phenolics Phosphorous, 

Total Zinc

SWQ2 16/06/1969 76 0.23 290

SWQ2 14/07/1969 18 0.16 120

SWQ2 18/08/1969 73 0.6 0.28 200

SWQ2 15/09/1969 107 3.6 0.01 360

SWQ2 06/10/1969 28 0.21 330

SWQ2 17/11/1969 72 0.39 200

SWQ2 20/01/1970 64 0.7 0.34 340

SWQ2 17/02/1970 115 0.26 560

SWQ2 09/03/1970 108 0.76 180

SWQ2 06/04/1970 67 1 180

SWQ2 28/04/1970 106 0.05 190

SWQ2 02/06/1970 96 0.6 0.03 320

SWQ2 06/07/1970 38 0.45 0.2 110

SWQ2 05/08/1970 30 0.3 110

SWQ2 31/08/1970 64 0.8 0.25 110

SWQ2 27/09/1970 20 1.95 0.28 270

SWQ2 02/11/1970 47 0.46 230

SWQ2 08/12/1970 189 0.93 53

SWQ2 12/01/1971 159 0.85 0.69 240

SWQ2 08/02/1971 163 1.1 160

SWQ2 08/03/1971 110 0.67 130

SWQ2 29/03/1971 140 0.91 110

SWQ2 26/04/1971 42 0.8 0.56 260

SWQ2 25/05/1971 65 0.59 400
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Limits Station Sampling 
Date Arsenic Cadmium Chloride Cobalt Copper

Cyanide
and 

compounds
Iron Nickel

Nitrate 
(Filtered
Reactive)

Nitrate 
(Total, 
Filtered
Reactive)

Nitrate 
as N Lead Phenolics Phosphorous, 

Total Zinc

SWQ2 24/06/1971 83 0.21 420

SWQ2 27/07/1971 20 0.41 84

SWQ2 19/08/1971 77 0.8 0.14 140

SWQ2 27/09/1971 37 0.33 84

SWQ2 28/10/1971 44 0.35 100

SWQ2 24/11/1971 35 0.93 760

SWQ2 07/01/1972 1.1 0.76 140

SWQ2 17/04/1973 29 50 10 0.44 90 0.67 4000 120 40

SWQ2 15/05/1973 32 30 0.6 40 0.51 4000 64 10

SWQ2 20/06/1973 23 30 10 0.55 150 0.32 2000 97 30

SWQ2 17/07/1973 33 50 70 0.26 2000 130 10

SWQ2 14/08/1973 25 50 10 0.95 0.26 3000 280

SWQ2 11/09/1973 21 30 10 0.75 1600 0.5 2000 180 60

SWQ2 01/10/1973 20 50 10 0.28 270 0.31 600 60

SWQ2 15/11/1973 19 50 10 2.4 70 0.46 8000 280 70

SWQ2 03/12/1973 95 0.95 2000 90

SWQ2 24/01/1974 67 30 0.15 120 0.82 10000 66 30

SWQ2 25/02/1974 44 30 10 0.55 50 1 4000 1300 30

SWQ2 25/03/1974 132 20 10 0.85 400 0.72 6000 130 40

SWQ2 29/04/1974 37 0.56 260

SWQ2 27/05/1974 30 30 0.3 240 0.41 2000 850 30

SWQ2 10/07/1974 33 30 60 0.39 5000 130 30

SWQ2 26/08/1974 80 40 0.45 180 0.02 1000 230 80

SWQ2 25/09/1974 25 30 1.3 200 0.34 2000 280 30
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Limits Station Sampling 
Date Arsenic Cadmium Chloride Cobalt Copper

Cyanide
and 

compounds
Iron Nickel

Nitrate 
(Filtered
Reactive)

Nitrate 
(Total, 
Filtered
Reactive)

Nitrate 
as N Lead Phenolics Phosphorous, 

Total Zinc

SWQ2 15/10/1974 28 40 0.7 24000 0.69 7000 240 40

SWQ2 04/11/1974 20 30 0.2 260 0.46 2000 110 30

SWQ2 13/12/1974 30 30 10 0.88 110 0.7 1000 200 30

SWQ2 28/01/1975 47 40 1.1 80 0.88 1000 150 30

SWQ2 17/02/1975 68 50 10 0.95 170 0.86 3000 220 20

SWQ2 01/04/1975 96 50 10 0.88 170 0.94 1000 170 20

SWQ2 12/05/1975 32 50 10 0.25 90 0.4 36

SWQ2 23/06/1975 41 40 10 0.38 450 0.36 2000 54 40

SWQ2 06/07/1975 32 30 20 0.33 60 0.37 230 30

SWQ2 06/08/1975 25 50 10 0.55 50 0.17 1000 88 30

SWQ2 26/08/1975 27 0.16 91

SWQ2 08/09/1975 38 10 10 0.24 50 0.08 1000 94 10

SWQ2 30/09/1975 23 30 0.08 50 0.26 1000 158 30

SWQ2 28/10/1975 22 20 0.25 40 0.24 1000 130 20

SWQ2 20/11/1975 0.01 25 10 0.25 80 0.31 10 1000 130 10

SWQ2 19/01/1976 45 80 0.56 100 0.87 1000 190 700

SWQ2 15/03/1976 255 30 0.71 30 1.19 1000 92 40

SWQ2 11/05/1976 0.001 0.01 43 20 0.5 30 0.627 20 1000 98 30

SWQ2 07/06/1976 36.5 40 10 0.8 0.259 1000 81

SWQ2 25/06/1976 10.5 0.58 0.404 1000 66

SWQ2 23/07/1976 7.1 0.62 0.329 1000 96

SWQ2 27/07/1976 24.5 20 10 1.34 40 0.593 1000 90 50

SWQ2 24/08/1976 29 10 10 0.3 40 0.187 1000 56 10

SWQ2 09/09/1976 0.001 0.01 27 30 0.29 60 0.074 10 1000 21 30

A - 



P a g e | 169

Limits Station Sampling 
Date Arsenic Cadmium Chloride Cobalt Copper

Cyanide
and 

compounds
Iron Nickel

Nitrate 
(Filtered
Reactive)

Nitrate 
(Total, 
Filtered
Reactive)

Nitrate 
as N Lead Phenolics Phosphorous, 

Total Zinc

SWQ2 21/09/1976 22.5 0.354 38

SWQ2 18/10/1976 23 0.41 0.266 2000 70

SWQ2 26/10/1976 29.5 0.451 1000 114

SWQ2 22/11/1976 32 20 0.87 60 0.557 12000 140 30

SWQ2 16/12/1976 0.001 0.005 43.5 10 0.43 50 0.654 10 1000 85 30

SWQ2 07/02/1977 0.001 0.005 32 20 1.5 100 0.695 10 1000 137 100

SWQ2 28/03/1977 0.001 0.005 53 20 20 0.54 80 0.751 10 4000 410 60

SWQ2 26/04/1977 53 80 10 0.01 20 0.703 2000 56 40

SWQ2 11/05/1977 0.001 0.005 62 10 0.29 40 0.172 10 1000 39 10

SWQ2 16/05/1977 38.5 0.21 1000 45

SWQ2 13/06/1977 30 10 10 0.57 50 0.284 2000 102 20

SWQ2 28/06/1977 0.001 0.01 6.1 40 0.62 40 0.171 20 1000 34 60

SWQ2 12/07/1977 38.5 0.46 1000 81

SWQ2 19/07/1977 27.5 0.51 0.101 1000 92

SWQ2 08/08/1977 0.001 0.005 27.5 10 0.3 20 0.143 30 1000 18 20

SWQ2 15/08/1977 27 10 10 40 0.175 1000 57 20

SWQ2 12/09/1977 0.001 0.005 25 10 10 70 0.125 30 1000 68 20

SWQ2 12/10/1977 0.001 0.005 41 10 0.71 40 0.963 30 1000 83 20

SWQ2 17/10/1977 38 10 10 0.46 410 0.58 1000 47 10

SWQ2 21/11/1977 42.5 60 1.06 60 1.53 3000 60 200

SWQ2 30/11/1977 0.001 0.005 44.5 10 0.71 60 0.845 30 1000 72 10

SWQ2 07/12/1977 40 80 60 1.04 1000 41 10

SWQ2 09/01/1978 43 0.52 1.87 1000 45

SWQ2 20/02/1978 315 0.685 77
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Limits Station Sampling 
Date Arsenic Cadmium Chloride Cobalt Copper

Cyanide
and 

compounds
Iron Nickel

Nitrate 
(Filtered
Reactive)

Nitrate 
(Total, 
Filtered
Reactive)

Nitrate 
as N Lead Phenolics Phosphorous, 

Total Zinc

SWQ2 24/02/1978 28.5 0.84 0.8 1000 88

SWQ2 17/04/1978 0.001 0.005 39 10 1.5 40 1.29 30 2500 430 650

SWQ2 15/05/1978 0.001 0.005 26 10 2.5 20 1.03 30 3000 160 20

SWQ2 19/06/1978 25.5 0.31 0.345 1000 34

SWQ2 17/07/1978 25.5 0.3 0.193 1000 75

SWQ2 01/09/1978 22.5 0.44 0.325 1000 102

SWQ2 25/09/1978 0.001 0.005 25.5 10 1.4 200 0.31 30 1000 60 10

SWQ2 27/10/1978 22.5 0.4 0.44 1000 37

SWQ2 29/11/1978 77 0.58 0.807 2000 58

SWQ2 11/12/1978 0.001 0.005 116 50 0.6 230 0.863 30 1000 55 10

SWQ2 19/02/1979 35.5 10 300 0.893 30 1000 32 10

SWQ2 23/03/1979 30 10 1.4 300 0.661 30 1000 106 20

SWQ2 19/04/1979 44.5 20 0.32 230 0.89 30 1000 26 10

SWQ2 17/05/1979 42 0.354 1000 21

SWQ2 22/06/1979 30 10 80 0.685 40 1000 58 10

SWQ2 16/07/1979 0.005 0.01 28 50 0.39 0.23 30 47 10

SWQ2 21/08/1979 25.5 10 0.35 70 0.246 30 1000 35 10

SWQ2 17/09/1979 24.5 10 0.22 120 0.424 30 1000 35 10

SWQ2 30/10/1979 16.5 0.49 1000 125

SWQ2 27/11/1979 34.5 0.881 1000 140

SWQ2 14/12/1979 0.001 0.005 40 10 0.871 30 1000 33 10

SWQ2 11/01/1980 0.003 0.01 180 20 30 50 0.45 210 5000 565 170

SWQ2 14/02/1980 65 30 80 0.85 30 1000 32 10

SWQ2 14/03/1980 0.001 0.005 115 10 0.085 30 1000 200 10
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Limits Station Sampling 
Date Arsenic Cadmium Chloride Cobalt Copper

Cyanide
and 

compounds
Iron Nickel

Nitrate 
(Filtered
Reactive)

Nitrate 
(Total, 
Filtered
Reactive)

Nitrate 
as N Lead Phenolics Phosphorous, 

Total Zinc

SWQ2 22/04/1980 0.001 46 20 0.58 50 0.94 30 1000 46 40

SWQ2 20/05/1980 0.001 0.005 34.5 20 60 160 0.345 30 1000 27 10

SWQ2 23/06/1980 32 10 0.46 0.322 30 1000 31 10

SWQ2 07/07/1980 32.5 20 20 0.395 30 1000 74 10

SWQ2 12/08/1980 18.5 0.58 0.486 3 1000 58

SWQ2 22/09/1980 26.5 5 0.55 73 0.34 3 1000 21 5

SWQ2 07/10/1980 29.5 3 0.21 34 0.31 3 21 3

SWQ2 08/12/1980 91 1.07 4000 178

SWQ2 17/02/1981 141 10 1.1 1.16 13 1000 85 33

SWQ2 23/03/1981 43 3 0.42 10 0.945 0.95 3 1000 26 3

SWQ2 27/04/1981 38 3 0.34 9 0.52 0.54 3 1000 16 4

SWQ2 25/05/1981 33.5 1 0.57 4 10 1000 38 3

SWQ2 15/06/1981 33 4 0.39 14.3 14.5 5 1000 392 5

SWQ2 27/07/1981 26.5 6 0.32 5 0.325 0.365 3 1000 26 10

SWQ2 17/08/1981 30 8 0.7 7 0.63 0.66 6 1000 58 7

SWQ2 14/09/1981 35 4 0.6 3 0.67 0.67 3 1000 42 3

SWQ2 26/10/1981 30 35 0.42 6 0.89 0.91 20 2000 725 18

SWQ2 23/11/1981 37 15 1.85 3 1.83 1.85 3 1000 25 57

SWQ2 15/12/1981 41 5 0.36 29 0.975 0.985 6 1000 22 7

SWQ2 25/01/1982 54 10 0.55 12 1.01 1.1 22 1000 34 30

SWQ2 18/02/1982 102 3 0.47 300 0.9 0.935 4 1000 50 13

SWQ2 15/03/1982 44.5 16 7.9 39 1.47 1.55 28 1000 640 46

SWQ2 19/04/1982 38.5 10 0.68 97 1.065 1.1 3 1000 53 11

SWQ2 17/05/1982 35.4 10 0.415 180 0.33 0.385 10 400 600 8
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Limits Station Sampling 
Date Arsenic Cadmium Chloride Cobalt Copper

Cyanide
and 

compounds
Iron Nickel

Nitrate 
(Filtered
Reactive)

Nitrate 
(Total, 
Filtered
Reactive)

Nitrate 
as N Lead Phenolics Phosphorous, 

Total Zinc

SWQ2 21/06/1982 36.8 14 0.465 26 0.705 0.725 3 1200 56 7

SWQ2 19/07/1982 21.6 17 2.55 20 0.77 0.82 3 400 300 38

SWQ2 24/08/1982 25.3 10 0.25 160 0.31 0.325 3 600 48 7

SWQ2 20/09/1982 27.5 6 0.725 34 0.448 0.45 3 46 4

SWQ2 18/10/1982 33.1 11 0.29 17 0.41 0.43 3 400 27 4

SWQ2 16/11/1982 37.7 11 0.305 29 0.811 0.85 7 200 43 5

SWQ2 13/12/1982 48.2 11 0.78 180 1.55 1.55 8 200 27 8

SWQ2 10/01/1983 37.6 10 0.805 18 1.2 1.2 15 1200 43 20

SWQ2 17/02/1983 69 19 3.4 32 1.506 1.51 26 400 200 30

SWQ2 18/03/1983 33.4 11 0.41 130 0.94 0.98 3 800 62 9

SWQ2 28/04/1983 32.7 15 0.365 120 1.43 1.43 7 200 112 11

SWQ2 13/06/1983 29 8 0.9 1200 0.406 0.415 3 79 4

SWQ2 18/07/1983 26.3 14 0.51 1200 0.404 0.41 7 200 160 9

SWQ2 12/08/1983 22 43 0.425 1200 0.513 0.52 3 200 44 11

SWQ2 09/09/1983 23 10 0.215 1100 0.285 0.29 3 200 31 4

SWQ2 26/09/1983 22 9 0.225 1800 0.421 0.43 4 400 77 5

SWQ2 17/10/1983 24.19 7 0.33 1100 0.469 0.475 4 200 63 5

SWQ2 14/11/1983 36.11 8 0.225 31 0.694 0.7 5 200 70 3

SWQ2 12/12/1983 42.13 22 9.375 57 1.09 1.1 63 660 79

SWQ2 24/01/1984 817.8 11 2.1 82 0.91 0.94 29 3400 210 57

SWQ2 20/02/1984 43.46 5 0.915 16 4.46 4.5 3 200 96 13

SWQ2 19/03/1984 44.99 6 1.36 48 1.58 1.6 3 120 12

SWQ2 18/04/1984 42.14 6 0.645 28 1.688 1.7 3 93 9

SWQ2 28/05/1984 34.01 5 0.235 24 0.425 3 200 113 9
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Limits Station Sampling 
Date Arsenic Cadmium Chloride Cobalt Copper

Cyanide
and 

compounds
Iron Nickel

Nitrate 
(Filtered
Reactive)

Nitrate 
(Total, 
Filtered
Reactive)

Nitrate 
as N Lead Phenolics Phosphorous, 

Total Zinc

SWQ2 22/06/1984 29.79 4 0.545 19 0.47 5 115 9

SWQ2 23/07/1984 26.89 3 0.26 13 0.315 3 200 310 5

SWQ2 31/08/1984 23.15 5 0.405 7 0.435 3 1200 49 7

SWQ2 20/09/1984 30.42 10 0.23 15 0.42 30 200 72 10

SWQ2 19/11/1984 32.7 7 0.295 10 1.1 3 200 31 4

SWQ2 10/12/1984 51.86 4 0.39 6 0.875 3 200 43 7

SWQ2 22/01/1985 46.11 7 0.245 13 1.04 3 200 150 8

SWQ2 25/02/1985 15.9 10 4.25 2 1.64 5 1600 305 20

SWQ2 28/03/1985 45.9 32 9 27 1.02 110 4600 470 150

SWQ2 26/04/1985 38.7 1 0.725 7 0.775 3 600 85 9

SWQ2 27/05/1985 28.95 3 0.595 19 0.66 7 5400 110 14

SWQ2 28/06/1985 32.6 1 0.37 15 0.44 3 800 62 6

SWQ2 26/07/1985 34.05 2 0.26 60 0.36 4 200 81 8

SWQ2 26/08/1985 24.4 1 0.19 10 0.57 3 200 60 4

SWQ2 27/09/1985 22.98 54 8.5 270 0.565 130 200 72 220

SWQ2 22/10/1985 27.6 2 0.13 2 0.475 4 200 47 4

SWQ2 29/11/1985 72.9 3 0.24 16 1.35 6 200 45 10

SWQ2 17/12/1985 78 8 0.26 24 1.33 5 600 30 10

SWQ2 13/01/1986 76.7 1 0.18 36 1.06 3 200 39 6

SWQ2 17/02/1986 160 0.96 200 285

SWQ2 25/03/1986 41.6 3 0.63 32 1.29 30 800 57 8

SWQ2 06/05/1986 47.6 4 0.38 66 0.62 30 3600 69 8

SWQ2 02/06/1986 36 0.455 2600 32

SWQ2 02/07/1986 48 4 0.86 94 0.675 3 2400 88 18
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Limits Station Sampling 
Date Arsenic Cadmium Chloride Cobalt Copper

Cyanide
and 

compounds
Iron Nickel

Nitrate 
(Filtered
Reactive)

Nitrate 
(Total, 
Filtered
Reactive)

Nitrate 
as N Lead Phenolics Phosphorous, 

Total Zinc

SWQ2 06/08/1986 37 4 0.46 170 0.43 30 400 39 7

SWQ2 03/09/1986 45.5 4 0.35 140 0.675 30 200 68 4

SWQ2 21/10/1986 37 3 0.26 90 0.835 30 400 16 4

SWQ2 17/11/1986 33.5 4 0.26 100 0.915 30 200 26 7

SWQ2 09/12/1986 130 3 0.48 110 1.22 30 200 42 8

SWQ2 01/01/1987 35.2 3 0.21 85 0.655 30 200 43 4

SWQ2 12/01/1987 141 3 0.28 90 1.17 30 400 29 4

SWQ2 10/02/1987 68.5 3 0.32 83 1.1 30 600 32 11

SWQ2 10/03/1987 53 1 0.44 57 1.76 3 200 169 5

SWQ2 08/04/1987 47 10 0.56 42 1.48 30 600 34 10

SWQ2 15/06/1987 27.15 2 0.55 72 0.67 3 200 70 11

SWQ2 20/07/1987 24.6 7 1.5 48 0.615 10 200 79 14

SWQ2 20/08/1987 28.25 2 0.37 64 0.275 3 200 44 4

SWQ2 21/09/1987 25.55 11 2.5 90 0.635 19 400 353 46

SWQ2 19/10/1987 28.1 3 0.15 59 0.535 3 200 20 5

SWQ2 09/11/1987 32.5 8 0.71 43 0.7 3 200 65 26

SWQ2 03/12/1987 46.9 4 0.73 50 2.31 6 200 57 10

SWQ2 07/01/1988 46.9 19 0.28 67 1.53 11 600 24 12

SWQ2 15/03/1988 75.4 5.1 0.71 56 1.15 3 109 9.1

SWQ2 19/04/1988 44.3 2 0.26 27 0.925 3 200 200 7

SWQ2 20/05/1988 40.3 2.2 0.24 40 0.57 5 12 5.1

SWQ2 17/06/1988 33.6 1.7 0.3 44 0.4 5 1400 24 4.3

SWQ2 21/07/1988 30.5 8.4 0.78 32 0.425 5 1200 54 8

SWQ2 26/08/1988 28.3 5.6 0.43 28 0.69 5 2000 74 5

A - 



P a g e | 175

Limits Station Sampling 
Date Arsenic Cadmium Chloride Cobalt Copper

Cyanide
and 

compounds
Iron Nickel

Nitrate 
(Filtered
Reactive)

Nitrate 
(Total, 
Filtered
Reactive)

Nitrate 
as N Lead Phenolics Phosphorous, 

Total Zinc

SWQ2 23/09/1988 20.4 3 0.53 28 0.715 5 2800 40 5.8

SWQ2 13/10/1988 30.6 1.6 0.16 33 0.585 5 1400 11 4.4

SWQ2 16/11/1988 41.2 1.6 0.23 23 1.77 5 15 3.3

SWQ2 13/12/1988 40.5 4.4 0.32 37 1.16 89 3000 14 20

SWQ2 16/01/1989 152 9.9 0.17 25 1.07 5 100000 20 8.2

SWQ2 21/02/1989 2000 36 9 27 1.49 160 27200 450 290

SWQ2 20/03/1989 195 5 2.1 30 1.13 50 3000 125 12

SWQ2 19/04/1989 55.8 1.9 0.28 22 1.41 5 1600 13 4.6

SWQ2 16/05/1989 222 6.5 0.34 25 2.22 5 3600 139 4.3

SWQ2 27/06/1989 43.9 3.3 0.5 31 0.455 5 1800 39 7.2

SWQ2 17/07/1989 43 2 0.2 30 0.295 5 3200 25 2.7

SWQ2 21/08/1989 28.7 3.4 0.26 20 0.375 5 1800 20 3.1

SWQ2 16/10/1989 26.6 1.8 0.18 8 0.54 5 3800 13 3.2

SWQ2 23/11/1989 73.4 2.7 0.35 36 2.94 5 600 22 3.8

SWQ2 30/01/1990 1.1 2.6 0.3 37 1.12 5 2400 53 8.7

SWQ2 12/02/1990 55.7 2.6 0.71 50 1.05 5 1600 67 6.7

SWQ2 28/03/1990 64 2 0.37 54 1.3 5 1600 25 4.2

SWQ2 30/04/1990 54.7 2 0.22 48 0.59 5 600 36 3.3

SWQ2 15/05/1990 45.6 2 0.18 47 0.385 5 800 14 3

SWQ2 14/06/1990 41.4 3 0.28 46 0.395 5 600 26 4

SWQ2 23/07/1990 39.6 1 0.19 38 0.5 5 200 24 4

SWQ2 29/08/1990 36 3 0.14 49 0.37 5 800 24 3

SWQ2 18/09/1990 33.6 3 0.1 62 0.475 5 8 2

SWQ2 26/11/1990 43 4 0.18 48 1.02 5 200 11 2
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Limits Station Sampling 
Date Arsenic Cadmium Chloride Cobalt Copper

Cyanide
and 

compounds
Iron Nickel

Nitrate 
(Filtered
Reactive)

Nitrate 
(Total, 
Filtered
Reactive)

Nitrate 
as N Lead Phenolics Phosphorous, 

Total Zinc

SWQ2 11/12/1990 57.2 1 0.2 85 1.66 5 800 7 4

SWQ2 25/03/1991 60.9 1 0.33 38 2.14 5 400 55 7

SWQ2 22/04/1991 25.8 1 0.27 14 1.8 5 800 830 11

SWQ2 13/05/1991 47.1 0.5 0.16 37 0.66 5 600 21 4

SWQ2 17/06/1991 33.4 1 0.18 39 0.51 5 200 35 7

SWQ2 22/07/1991 34.2 2 0.26 38 0.38 5 43 7

SWQ2 19/08/1991 29 2 0.31 27 0.36 5 200 39 8

SWQ2 17/09/1991 28.2 2 0.15 26 0.385 5 200 18 4

SWQ2 21/10/1991 29.9 1 0.08 49 0.555 5 400 11 0.5

SWQ2 18/11/1991 31.2 3 0.19 40 0.655 5 1000 10 12

SWQ2 09/12/1991 183 5 0.46 97 0.89 5 200 32 10

SWQ2 13/01/1992 164 1 0.11 38 0.99 5 400 13 7

SWQ2 08/04/1992 55 15 0.14 19 0.84 5 600 15 7

SWQ2 25/05/1992 54.1 1 0.052 20 0.57 5 200 15 3

SWQ2 22/06/1992 41.4 5 0.13 20 0.475 6 200 10 46

SWQ2 10/07/1992 34.7 1 0.048 2 0.42 5 600 17 0.5

SWQ2 19/08/1992 36.6 4.4 0.17 10 0.31 5 600 11 45

SWQ2 18/09/1992 42.4 1 0.16 8 0.6 5 200 19 4

SWQ2 23/10/1992 52.1 1 0.16 6 1.58 5 600 14 7

SWQ2 16/11/1992 52.1 1 0.2 12 2.06 5 200 38 12

SWQ2 07/12/1992 114 2 0.1 14 1.57 5 200 9 4

SWQ2 18/01/1993 97.9 2.2 0.11 9 1.83 5 15 5.3

SWQ2 15/02/1993 177 1.6 0.15 9 1.3 5 200 14 9

SWQ2 22/03/1993 143 6.8 0.37 22 1.22 7 600 118 30
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Limits Station Sampling 
Date Arsenic Cadmium Chloride Cobalt Copper

Cyanide
and 

compounds
Iron Nickel

Nitrate 
(Filtered
Reactive)

Nitrate 
(Total, 
Filtered
Reactive)

Nitrate 
as N Lead Phenolics Phosphorous, 

Total Zinc

SWQ2 27/04/1993 55.9 0.9 0.17 10 1.45 5 1200 28 7.6

SWQ2 17/05/1993 45.6 1.1 0.12 10 0.54 5 2000 10 6.8

SWQ2 18/06/1993 150.5 0.5 0.12 12 0.5 5 200 12 5

SWQ2 19/07/1993 30.2 2.6 0.36 6 0.54 5 400 52 8.9

SWQ2 25/08/1993 32.6 1.2 0.085 3 0.475 5 200 10 1.6

SWQ2 24/09/1993 30 1.2 0.11 5 0.615 5 600 8 8.9

SWQ2 18/10/1993 29.8 3.4 0.51 2 0.645 5 200 62 15

SWQ2 15/11/1993 30.7 3.1 0.13 8 0.75 5 600 16 8.6

SWQ2 06/12/1993 52.7 1 0.16 5 1.57 5 200 14 7.1

SWQ2 15/06/1994 53.3 2.4 0.17 14 0.44 5 600 18 3.2

SWQ2 14/07/1994 45.5 1.4 0.11 36 0.38 5 200 16 1.5

SWQ2 09/08/1994 47.8 2.3 0.12 12 0.62 5 1000 12 3.9

SWQ2 13/09/1994 38.3 0.6 0.1 21 0.445 5 400 4 2.4

SWQ2 06/10/1994 0.0005 38.5 0.5 1.5 0.12 21 1 600 8 1.2

SWQ2 02/11/1994 0.0005 27.4 0.5 0.4 0.0006 10 1 400 10 0.2

SWQ2 15/12/1994 0.0001 72.8 0.5 0.9 0.15 19 5 1200 14 3.5

SWQ2 24/03/1997 126 0.31 0.961 0.264 37 20 4.4

SWQ2 11/06/2003 83 1.13 1.56 0.235 2 42 4.41

SWQ2 09/07/2003 0.000453 64.8 1.28 1.68 0.391 2 0.694 68 6.23

SWQ2 13/08/2003 48.9 1.66 1.04 0.153 2 0.866 14 1.93

SWQ2 28/07/2004 0.000143 51.5 0.929 0.203 2 2.99 35 1.85

SWQ2 25/08/2004 50 1.07 0.704 0.201 2 8.97 23 1.73

SWQ2 21/09/2004 0.0012 53.7 0.579 0.792 0.198 1 17 0.608

SWQ2 26/10/2004 0.000029 43.9 1.54 0.851 0.149 0 23 1.57
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Limits Station Sampling 
Date Arsenic Cadmium Chloride Cobalt Copper

Cyanide
and 

compounds
Iron Nickel

Nitrate 
(Filtered
Reactive)

Nitrate 
(Total, 
Filtered
Reactive)

Nitrate 
as N Lead Phenolics Phosphorous, 

Total Zinc

SWQ2 28/07/2005 0.000269 50.3 0.343 1.28 0.219 1 24 3.61

SWQ2 17/08/2005 0.00034 36.2 0.704 0.204 1 19 2.01

SWQ2 28/09/2005 62.1 1.36 0.322 1 41 1.72

SWQ2 28/06/2006 64 1.49 0.167 1 0.817 2.09 35 0.718

SWQ2 25/07/2006 0.000283 60.3 0.888 0.0972 2 0.647 2.38 22

SWQ2 30/08/2006 Below 
MDL 0.0001 55.3 Below 

MDL 4.3 0.132 1 0.74 Below 
MDL 15 13.2

SWQ2 13/09/2006 0.000413 33.4 3.95 0.361 0.749 47 12

SWQ2 18/09/2006 Below 
MDL 0.0002 60.5 0.4 0.3 0.246 0 0.98 Below 

MDL 10 2.8

SWQ2 04/12/2006 Below 
MDL 0.0001 65.5 Below 

MDL 0.3 0.204 1 2.44 Below 
MDL 31 2.3

SWQ2 08/01/2007 Below 
MDL Below MDL 69.4 Below 

MDL 2 0.327 26 1.78 1.2 20 8.7

SWQ2 26/03/2007 Below 
MDL Below MDL 114 Below 

MDL
Below 
MDL 0.53 Below 

MDL 1.57 Below 
MDL 90 6

SWQ2 30/04/2007 0.000768 80.7 1.22 0.146 1 1.21 0.721 14 1.01

SWQ2 15/05/2007 0.0005 0.0002 113 0.3 9.4 0.565 14 1.18 3.9 74 34.6

SWQ2 23/05/2007 0.000689 76.7 0.662 1.64 0.2 2 0.892 12 1.98

SWQ2 26/06/2007 0.000256 57.7 0.81 1.75 0.359 1 0.746 3.46 40 4.69

SWQ2 23/07/2007 0.000669 48.7 0.908 0.758 0.0238 1 0.592 3.51 23

SWQ2 24/07/2007 Below 
MDL Below MDL 44.6 Below 

MDL 0.6 0.116 1 0.79 Below 
MDL 38 2.8

SWQ2 25/09/2007 0.00057 50.7 0.733 0.0008
93 0 0.713 11

SWQ2 23/10/2007 0.000645 76.6 0.307 3.42 0.0058
7 2 0.963 115 3.98

SWQ2 29/11/2007 0.000801 200 3.58 0.0054 1 1.4 1.56 38 1.78

SWQ2 21/01/2008 0.0002 Below MDL 169 0.3 2.1 0.161 2 2.4 0.2 Below MDL 1.3

SWQ2 16/04/2008 0.000837 90.3 0.325 1.61 0.201 1 11.2 22 3.71

SWQ2 21/05/2008 0.000619 80.7 1.41 0.773 0.144 2 47 2.04
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Limits Station Sampling 
Date Arsenic Cadmium Chloride Cobalt Copper

Cyanide
and 

compounds
Iron Nickel

Nitrate 
(Filtered
Reactive)

Nitrate 
(Total, 
Filtered
Reactive)

Nitrate 
as N Lead Phenolics Phosphorous, 

Total Zinc

SWQ2 27/05/2008 0.0003 Below MDL 10.8 0.5 0.4 0.0009 1 3.04 Below 
MDL 0 0.7

SWQ2 09/06/2008 0.0003 Below MDL 65.6 0.2 1.7 0.196 5 0.74 0.9 41 3.9

SWQ2 19/06/2008 0.00154 88.4 0.843 2.11 0.28 2 29 2.46

SWQ2 25/06/2008 0.0005 Below MDL 82.6 0.3 1.6 0.36 2 0.67 1.6 28 6

SWQ2 22/07/2008 0.000233 67.2 1.37 1.79 0.391 2 5.2 46 3.73

SWQ2 14/08/2008 0.000817 61 1.5 0.319 2 1.55 42 2.1

SWQ2 09/09/2008 0.00132 45.6 1.12 2.62 0.42 3 1.86 72 10.4

SWQ2 22/10/2008 0.00084 60.3 1.77 0.975 0.136 1 1.64 13 1.43

SWQ2 25/11/2008 0.00098 164 Below 
MDL 2.39 0.499 2 6.21 75 8.19

SWQ10 13/08/2003 33.1 0.687 0.647 0.23 1 7.79 36 0.991

SWQ10 08/10/2003 26.1 0.0236 0.0705 8.16 7 0.606

SWQ10 28/07/2004 37.2 0.448 0.185 32 1.08

SWQ10 25/08/2004 26.2 0.0569 0.113 0 9.97 10 0.173

SWQ10 26/10/2004 0.000218 25.2 1.88 0.0744 1 8.2 18 11.2

SWQ10 17/08/2005 0.000214 24.5 0.18 0.274 0.092 4.79 8 0.112

SWQ10 31/10/2005 0.000406 27.3 0.0722 1 5

SWQ10 18/09/2006 Below 
MDL 0.0001 26.1 1.2 Below 

MDL 0.195 Below 
MDL 0.73 Below 

MDL 9 2.1

SWQ10 31/10/2006 0.000147 45.7 1.4 0.801 0.117 1 1.57 0.963 15

SWQ10 26/03/2007 Below 
MDL Below MDL 51.5 0.5 Below 

MDL 0.565 Below 
MDL 1.49 Below 

MDL 130 Below 
MDL

SWQ10 30/04/2007 0.000936 42.6 0.824 0.0934 1 0.971 2.15 10 0.212

SWQ10 24/07/2007 Below 
MDL Below MDL 80 0.2 1.5 0.16 1 0.37 Below 

MDL 41 1.9

SWQ10 26/11/2007 0.0003 Below MDL 38.2 0.9 1.3 0.642 1 1 1.1 94 2.4

SWQ10 21/05/2008 34.7 40
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Limits Station Sampling 
Date Arsenic Cadmium Chloride Cobalt Copper

Cyanide
and 

compounds
Iron Nickel

Nitrate 
(Filtered
Reactive)

Nitrate 
(Total, 
Filtered
Reactive)

Nitrate 
as N Lead Phenolics Phosphorous, 

Total Zinc

SWQ10 09/09/2008 33.4 66

SWQ10 25/11/2008 47.9 55

SWQ11 13/11/2006 Below 
MDL 0.0002 29.4 Below 

MDL 0.7 0.0757 Below 
MDL 1.4 Below 

MDL 6 0.6

SWQ11 08/01/2007 0.0008 Below MDL 30 Below 
MDL 0.9 0.362 0 1.92 Below 

MDL 31 2

SWQ11 26/03/2007 Below 
MDL Below MDL 25.9 0.8 5 1.43 2 1.48 Below 

MDL 230 Below 
MDL

SWQ11 23/07/2007 Below 
MDL Below MDL 22.6 Below 

MDL 0.6 0.12 0 0.997 Below 
MDL 31 0.7

SWQ11 24/07/2007 Below 
MDL Below MDL 38 Below 

MDL 0.5 0.0987 1 0.84 Below 
MDL 48 0.4

SWQ11 19/09/2007 0.0012 0.001 21.3 1.6 1.5 0.0602 1 1.09 1.1 8 1.3

SWQ11 06/05/2008 0.0003 Below MDL 27.9 0.9 0.5 0.0677 Below 
MDL 0.83 Below 

MDL 13 Below 
MDL

SWQ11 14/08/2008 0.0005 Below MDL 26.3 0.3 0.9 0.25 1 0.76 0.2 35 1.3

0.362 Exceedance

MDL - method detection limit
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APPENDIX 4 List of exceeded parameters; possible sources; potential adverse effect to human health 
and aquatic life 

 
PARAMETER 

 
SOURCES 

 
INFLUENCES ON HUMAN HEALTH* 

 
INFLUENCES ON AQUATIC LIFE 

GUIDELINES 
(1) ODWS 
(2) PWQO 
(3) CCME 

Arsenic 

Arsenic can contaminate water 
supplies if the water has been in 
contact with certain rocks and 
minerals.  Typical sources of arsenic 
are natural processes, pesticide 
residues, industrial waste, and smelter 
operations (copper, lead and zinc).  
Arsenic is found at higher levels in 
groundwater but is present at very low 
concentrations in most surface waters.   

Arsenic can cause acute and 
chronic toxicity, liver and kidney 
damage and can decrease blood 
haemoglobin. Arsenic is a known 
carcinogen and can cause other 
nervous system effects; it must 
be removed from drinking 
waters at levels above the 
Maximum Allowable 
Concentration (MAC) of 0.025 
mg/L. 

0.025 mg/L (1)
5 ug/L (2) (3)

Biological 
Oxygen Demand 

(BOD)-5 day 

The BOD is the amount of dissolved 
oxygen required by microorganisms to 
decompose organic waste in water.  
The more organic material there is in 
the water the higher the BOD exerted 
by the microorganisms will be.  BOD is 
a measurement of the rate at which 
oxygen is used over a period of time. 
Sources of organic material in the 
water can include pulp and paper mills, 
meat-packing plants, food processing 
industries and wastewater treatment 
plants.  As well urban and agricultural 
runoff can contribute to organic 
pollution.  A natural source of organics 
in the water is leaf fall.         

In water bodies where there are high 
BOD levels organisms that are more 
tolerant of low levels of dissolved 
oxygen (carp, midge larvae and sewage 
worms) may appear and become 
abundant.  Organisms that are 
intolerable of low oxygen levels such as 
caddisfly larvae, mayfly nymphs and 
stonefly nymphs will not survive.  As 
organic pollution increases a low 
diversity of pollution tolerant organisms 
will take the place of a diverse 
ecologically stable and complex set of 
organisms.  

Cadmium 

Cadmium is present in rocks coal and 
petroleum.  It enters ground and 
surface waters when dissolved by 
acidic waters. Cadmium may also enter 

Cadmium replaces zinc 
biochemically in the body and 
causes high blood pressure, liver 
and kidney damage, and 

Cadmium is toxic to aquatic biota. 0.005 mg/L (1)
0.1-0.5 ug/L (2)
0.017 ug/L (3)
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PARAMETER 

 
SOURCES 

 
INFLUENCES ON HUMAN HEALTH* 

 
INFLUENCES ON AQUATIC LIFE 

GUIDELINES 
(1) ODWS 
(2) PWQO 
(3) CCME 

the environment from industrial 
discharge, mining waste, metal plating, 
water pipes, batteries, paints and 
pigments, plastic stabilizers, landfill 
leachate and atmospheric fallout. Most 
cadmium that enters water bodies 
becomes associated with bottom 
sediments.

anaemia. It also destroys 
testicular tissue and red blood 
cells.

Chloride 

Chlorides occur naturally in surface 
water but can also enter water through 
the use of road salts, agricultural 
runoff and wastewater pollution. It is 
widely distributed in nature as NaCl, 
KCl and CaCl2.

Chloride is present in small 
amounts in drinking water and 
can produce a detectable salty 
taste at 250 mg/L. 

Fish and other aquatic communities 
cannot survive in high levels of 
chlorides.  According to the EPA the 
acute threshold for chloride for aquatic 
life is 860 mg/L and the chronic 
threshold is 230 mg/L.  CCME recently 
reported that Ontario uses chloride limit 
of 150 mg/L for the protection of 
aquatic life. 

150 mg/L (3)

Cobalt 

Cobalt is a relatively rare element 
found naturally in the environment.  It 
is essential in trace amounts for 
human and other mammals (found in 
vitamin B12).  Anthoropogenic sources in
aquatic environment come from Co 
mining and processing, sewage 
effluents, urban and agricultural run-
offs.   

Cobalt is toxic to aquatic biota. The 
acute toxicity of this metal increases 
with hardness. However, there appear 
to be no direct relation between chronic 
toxicity and hardness.

0.9 ug/L (2)

Copper 

Copper enters the environment from 
metal plating, industrial and domestic 
waste, mining and mineral leaching. It 
is also used extensively in domestic 
plumbing and is an essential trace 
component in food.  

In drinking water copper may 
produce an objectionable taste; 
as well it can cause significant 
staining to clothes and fixtures. 
When consumed in large doses 
(much higher than the aesthetic 
objective) copper may result in 
adverse health effects such as 
stomach and intestinal distress, 

Copper is an essential trace element but 
toxic to plants and algae at moderate 
levels. The toxicity of copper towards 
aquatic organisms is greatest in its ionic 
form (Cu2+).  It becomes less toxic as 
it complexes and precipitates with 
various freshwater organic and 
inorganic components. Increased 
concentrations of copper may include 

1 mg/L (1)
5 ug/L (2)
2-4 ug/L (3)
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INFLUENCES ON AQUATIC LIFE 

GUIDELINES 
(1) ODWS 
(2) PWQO 
(3) CCME 

liver and kidney damage and 
anaemia.  
 

growth inhibition, decreased production, 
mortality, decreased offspring survival 
rates, as well as various abnormalities 
and deformities in aquatic organisms.

Cyanide and 
compounds 

May be found in water from discharges 
from organic chemical industries, iron 
and steel works, and wastewater 
treatment facilities. 

Exposure to small amounts of 
cyanide compounds over long 
periods of time is reported to 
cause loss of appetite, 
headache, weakness, nausea, 
dizziness, and symptoms of 
irritation of the upper respiratory 
tract and eyes.

Exposure to large amounts of all 
forms of cyanide for a short time 
can harm the brain, lungs, and 
heart, and cause coma and 
death. The health effects of all 
forms of cyanide are similar 
when large amounts are eaten, 
drunk, breathed, or touched. 
The first symptoms of cyanide 
poisoning are rapid, deep 
breathing and shortness of 
breath, followed by convulsions 
and loss of consciousness. In 
cases of acute cyanide 
poisoning, death is extremely 
rapid.

Fish are impacted by relatively low 
cyanide concentrations. Acute toxicity 
(20 to 640 ug/L) if fatal to various fish 
species within 96 hours of exposure. 
Chronic exposure (exposure of 5 to 20 
ug/L up to 10 days) may affect 
reproduction, physiology, and levels of 
activities of many fish species.   

5 ug/L (2)

Dissolved 
Oxygen 

The higher the concentration of DO in 
water, the better the water quality.   
The solubility of oxygen in water is 
subject to temperature, and the 
amount of organic material in the 
water.   

DO has no direct effect on public 
health but drinking water with 
very little oxygen concentration 
can taste flat.  DO also plays a 
role in the corrosion of metal 
pipes.  

Dissolved oxygen is needed in the water 
for the survival of fish and other 
organisms. A reduction in oxygen can 
be lethal to many organisms.  Fish may
migrate away or die off with a decrease 
in DO.   Juvenile fish may be more 

5500-9500 ug/L (3)
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susceptible to low levels of DO than 
adults. 

Iron 

Iron occurs naturally as a mineral from 
sediment and rocks.  It can also come 
from mining, industrial waste, and 
corroding metal.

In drinking water supplies, 
excessive amount of iron may 
cause staining of laundry, 
plumbing fixtures and the water 
itself.  Iron may also produce a 
bitter taste, or precipitate to 
promote the growth of iron 
bacteria in water mains and
service pipes.  

0.3 mg/L (1)
300 ug/L (3)

Lead 

Lead enters the environment through 
industrial processes, mining, plumbing, 
gasoline and coal; it is also a water 
additive.

Lead affects red blood cell 
chemistry and delays normal 
physical and mental 
development in babies and 
young children. Causes slight 
deficits in attention span, 
hearing, and learning in children. 
It can also cause a slight 
increase in blood pressure in 
some adults. Lead is a probable 
carcinogen. Ingestion of lead 
should be avoided mainly by 
pregnant women and young 
children as they are the most 
susceptible.

0.01 mg/L (1)
1-7 ug/L (3)

Nickel 

Nickel occurs naturally in soils, ground 
water, and surface water. It is often 
used in electroplating, stainless steel 
and alloy products, mining, and 
refining.    

In the general population, most 
people are not affected by the 
typical amounts of nickel 
encountered.  However, 
laboratory animals exposed to 
large amounts nickel over their 
lifetime experienced damages 
the heart and liver. Almost all 
water supplies in Canada contain 

25-150 ug/L (3)
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a small amount of nickel.    

Nitrate 

Nitrates are present in water as a 
result of decay of plant or animal 
material, agricultural fertilizers, 
domestic sewage and wastewater. 
Nitrates are found in ground water 
under extensively developed areas. 
They can enter the environment from 
fertilizer, feedlots, and sewage. They 
are essential to the growth of plants

Nitrates pose a risk of 
methaemoglobinaemia to 
humans, especially infants 
(blood related problems).  
Methaemoglobinaemia is caused 
by the reaction of the nitrate ion 
with intestinal bacteria; the 
nitrate ion reacts with iron and 
prevents blood from carrying 
oxygen to body tissues. This is 
also known as Blue Baby 
Syndrome. 

Excessive concentrations of nitrates in 
surface waters encourage the growth of 
algae; excessive algae growth degrades 
water quality.  Nitrate nitrogen is one of 
the major nutrients that cause algal 
blooms and eutrophication.   

10.0 mg/L (1)
13000 ug/L (3)

Phenols and 
Phenolics 

Phenols may occur naturally in aquatic 
environments from the decomposition 
of aquatic vegetation (Dobbins et al. 
1987). The major anthropogenic 
sources are industrial effluents from 
chemical, petroleum, tinctoral and 
pharmaceutical industries; and 
domestic sewage.

Phenol irritates skin and causes 
its necrosis, it damages kidneys, 
liver, muscle and eyes. Phenols 
also affect the function of the 
hormonal system. Some phenols 
are capable of disturbing sexual 
hormones function, which finally 
may lead to sterility of animals 
and humans.

Phenol contaminated waters have 
varying toxicity levels on various aquatic 
species depending on concentrations. 
Also, it generates unpleasant taste in 
fish and shellfish.

5 ug/L Interim (2)
1 ug/L (2)

Phosphorus 

Human, animal and industrial waste, 
as well as anthropogenic disturbances 
to the land and vegetation are the 
main contributors of phosphorus to 
aquatic environments.  
 

The presence of phosphorus in 
drinking water has little effect on 
human health.   

Increased algae and plant growth are a 
surface water system’s first response to 
phosphorus inputs.  Further phosphorus 
additions can lead to (a) a decrease in 
biodiversity and a change in dominant 
biota; (b) a decline in ecologically 
sensitive species and an increase in 
tolerant species; (c) an increase in plant 
and animal biomass; (d) an increase in 
turbidity; (e) an increase in organics, 
leading to sedimentation and; (f) anoxic 
conditions.  As well if the excessive 
plant growth includes cyanobacteria, 

See CCME for Trigger 
Ranges
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toxins that can be harmful to humans, 
aquatic life and livestock may be 
produced. 

Zinc 

Zinc is found naturally in water, most 
frequently in areas where it is mined. 
It enters the environment from 
industrial waste, metal plating, and 
plumbing, and is a major component 
of sludge. 
     

In small concentrations zinc is 
non-toxic and essential to 
human health. It aids in the 
healing of wounds.  The ODWS
for zinc is set for aesthetic 
purposes.  At high 
concentrations zinc may cause 
water to have a milky 
appearance. The concentration 
of zinc may be higher in the tap 
than in standing water due to 
corrosion, this can be cleared by 
flushing.

Zinc can also be toxic to aquatic biota 
at elevated concentrations.  Sediments 
act as an important route for the 
exposure of zinc to the environment.  
Zinc builds up in sediments when it 
associates with particles such as 
manganese and iron.  Adverse effects 
of zinc can include a decrease in the 
diversity and abundance of aquatic 
invertebrate species, as well as 
increased mortality and behavioural 
changes.

5 mg/L (1)
30 ug/L (3)

q  Applies only to treated drinking water samples and not on raw water samples which are being discussed in this report. 
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APPENDIX 5 Ecological Land Classification (ELC) 

In southern Ontario a classification system called ELC has been developed to identify recurring 
ecological patterns on the landscape (Lee et al., 1998).  The goal of this system is to reduce 
complex natural variation to a reasonable number of meaningful ecosystem units (Bailey et al. 
1978) and to enable the consistent description, inventory and interpretation of ecosystems 
across the province.  The key focus is to improve our ability to manage both natural resources 
and the information about those resources. 

Following the ELC framework for southern Ontario, CLOCA produced watershed-scale 
vegetation mapping to the Community Series level (distinguishes the difference between a 
coniferous and deciduous forest) for its jurisdiction. Vegetation communities greater than 0.5 
ha were mapped through the interpretation of aerial photography, although some limited site-
level information on vegetation types was gathered to supplement the analysis.  This 
information was then entered into a database and the boundaries of independent vegetation 
communities were mapped in a GIS program to link the spatial and database information in 
order to perform queries and analyze results. 

The ELC communities in the Oshawa Creek watershed are listed below. 
ELC 

Code 
Vegetation 
Community 

Community 
Description 

CUM Cultural 
Meadow

Tree cover is less than 25%; shrub cover is less than 25%
Often having a large proportion of non-native plant species
Community resulting from, or maintained by, cultural or anthropogenic-based 
disturbances

CUP Cultural 
Plantation

Tree cover is greater than 60% 
Community resulting from, or maintained by, cultural or anthropogenic-based 
disturbances

CUT Cultural 
Thicket

Tree cover is less than 25%; shrub cover is greater than 25%
Often having a large proportion of non-native plant species
Community resulting from, or maintained by, cultural or anthropogenic-based 
disturbances

CUW Cultural 
Woodland

Tree cover is between 35% and 60%
Often having a large proportion of non-native plant species
Community resulting from, or maintained by, cultural or anthropogenic-based 
disturbances

FOC Coniferous 
Forest

Conifer tree species make up greater than 75% of the canopy cover

FOD Deciduous 
Forest

Deciduous tree species make up greater than 75% of the canopy cover

FOM Mixed Forest Both conifer and deciduous tree species make up greater than 25% of the 
canopy cover

MAM Meadow Marsh

Tree and shrub cover is less than 25%
Dominated by emergent hydrophytic macrophytes
Flooding is seasonal; species less tolerant of prolonged flooding
Represents the wetland-terrestrial interface; Water depth less than 2 m

MAS Shallow Marsh

Tree and shrub cover is less than 25%; Water up to 2 m deep
Hydrophytic emergent macrophyte cover is greater than 25%
Standing or flowing water for much or all of the growing season
Varies from bare bedrock or parent mineral material to organic substrates

OAO Open Aquatic No macrophyte vegetation; no tree or shrub cover; Plankton dominated
Water is greater than 2 m deep

SAS 
Submerged 
Shallow 
Aquatic

Dominated (> 25%) by submerged macrophytes
Emergent vegetation may be present but is never dominant
No tree or shrub cover; Water up to 2 m in depth
Standing water always present

SWC Coniferous 
Swamp

Tree cover is greater than 25%; trees more than 5 m in height
Conifer tree species make up greater than 75% of canopy cover
Dominated by hydrophytic shrub and tree species
Standing water or vernal pooling constitutes more than 20% of ground 
coverage; Water depth less than 2 m

SWD Deciduous Tree cover is greater than 25%; trees more than 5 m in height

Harmony Creek subwatershed 
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ELC 
Code 

Vegetation 
Community 

Community 
Description 

Swamp Deciduous tree species make up more than 75% of the canopy cover
Dominated by hydrophytic shrub and tree species; fern and sedge rich
Standing water or vernal pooling constitutes more than 20% of ground 
coverage; Water depth less than 2 m

SWM Mixed Swamp

Tree cover is greater than 25%; trees more than 5 m in height
Both coniferous and deciduous tree species make up more than 25% of the 
canopy cover
Dominated by hydrophytic shrub and tree species; Typically fern rich
Standing water or vernal pooling constitutes more than 20% of ground 
coverage; Water depth less than 2 m

SWT Thicket 
Swamp

Tree cover is less than 25%; hydrophytic shrubs greater than 25%
Dominated by hydrophytic shrub and tree species
Standing water or vernal pooling constitutes more than 20% of ground 
coverage; Water depth less than 2 m

(Lee et al., 1998) 
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APPENDIX 6 Landscape Analysis Model  

In ecological systems, connectivity between habitat patches is important because it facilitates 
the movement of wildlife, both plant and animal, and maintains genetic diversity across large 
landscapes.  As such, land use planning agencies have started to shift away from preserving 
isolated habitat patches and towards preserving networks of natural spaces.  One means of 
identifying these networks is through computer modelling. 

In the late 1990’s the Toronto and Region Conservation Authority (TRCA) initiated a Terrestrial 
Natural Heritage Program to address the loss of habitat and biodiversity in their watersheds.  
The program goals were to reduce further landscape fragmentation, increase the ecological 
function and integrity of existing natural areas, and identify restoration opportunities.  This led 
to the development of a computer program called the Landscape Analysis Model (LAM) which 
would analyze and evaluate the quality of existing natural areas, and produce a habitat quality 
map known as the Terrestrial Natural Heritage System.   

In late 2006, after making minor modifications to the TRCA model, CLOCA completed its own 
Landscape Analysis (Figure 51).  This process began with the identification of land uses and 
their categorization as either natural (e.g. forests, wetlands, meadows), urban (e.g. residential, 
commercial, roads), or rural (e.g. agriculture).  Those areas classified as natural were then 
analyzed for size, shape, and proximity to urban or agricultural land uses (called the matrix 
influence).  These criteria (size, shape and matrix influence) are key indicators of habitat 
quality.    

“Scores” were assigned to habitat patches based on the following criteria:
Larger natural areas received a higher score than smaller natural areas. 
Areas with less edge received a higher score than areas with a lot of edge. 
Natural areas that were surrounded by or adjacent to urban areas received a lower score than 
those surrounded by rural or natural land uses. 

Finally, the model used the criteria scores for each natural area and assigned them a weighted 
score based on the size of the area.  This was done because as forest size increases, its shape 
and proximity to urban areas becomes less important.  The sum of the weighted scores for each 
natural area became the model’s total score for each area.  Total scores range from 0 to 15 
with 0 being a very poor quality habitat and 15 being an excellent quality habitat.   

These scores were mapped to produce a preliminary terrestrial natural heritage system and 
enable planning agencies to identify areas of concern in the watershed and make informed 
planning decisions. 

The second stage in the development of a Terrestrial Natural Heritage System, was the 
identification of restoration targets.  A scenario-based approach was used to establish targets 
that would maximize overall habitat quality.  The scenario selected also happened to be 
consistent with the Environment Canada recommendations for 30% forest cover in the 
watershed.  The end product is a map that identifies priority restoration areas and which can be 
used to direct restoration efforts to areas of the watershed where increased natural cover will 
be most beneficial.   
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Figure 51: Landscape Analysis Model results for the Oshawa Creek  
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APPENDIX B: LEGISLATIVE / POLICY CONTEXT AND COMPLIANCE 

LEGISLATIVE FRAMEWORK 

In the last few years, enactment of new provincial legislation and 
policies including the Oak Ridges Moraine Conservation Act and Oak 
Ridges Moraine Conservation Plan (ORMCP); the Greenbelt Plan and 
Act, the 2005 Provincial Policy Statement (PPS), the Clean Water 
Act; and other source water protection initiatives,  have placed a 
greater emphasis on the need for watershed plans.  In fact, the 
ORMCP requires watershed plans to be completed for all 
watersheds within the Moraine.  The Lynde Creek watershed is the 
first Watershed Plan in CLOCA’s jurisdiction that satisfies the 
requirements of the ORMCP. In addition to the now legislated 
requirement for a Watershed Plan, there has been increasing 
recognition of the importance of maintaining, restoring and 
improving natural heritage systems within a provincial, watershed 
and municipal level policy context.  The following describes each 
applicable legislation, policy or implementation tool as well as 
provides a conformity table illustrating the specific requirements 
met through the development of this plan. 

LEGISLATIVE CONTEXT OF WATERSHED PLANS 

Oak Ridges Moraine Conservation Plan (2002) (see Appendix 
A for full ORMCP details)

Watershed plans 

24. (1) Every upper-tier municipality and single-tier municipality 
shall, on or before April 22, 2003, begin preparing a 
watershed plan, in accordance with subsection (3), for every 
watershed whose streams originate within the municipality’s 
area of jurisdiction. 

(2) The objectives and requirements of each watershed plan shall 
be incorporated into the municipality’s official plan. 

 
Greenbelt Plan (2005) 

Water Resource System Policies 

The following Water Resource System policies apply throughout the 
Protected Countryside: 

2.  Watersheds are the most meaningful scale for hydrological 
planning, and municipalities together with conservation 
authorities should ensure that watershed plans are 
completed and used to guide planning and development 
decisions within the Protected Countryside. 

3.  Cross-jurisdictional and cross-watershed impacts need to be 
considered in the development of watershed plans. The 
development of watershed plans and watershed 
management approaches in the Protected Countryside 
should be integrated with watershed planning and 
management in the NEP and the ORMCP areas and beyond 
the Greenbelt. 
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External Connections 

To support the connections between the Greenbelt’s Natural 
System and the local, regional and broader scale natural heritage 
systems of southern Ontario, the federal government, 
municipalities, conservation authorities, other agencies and 
stakeholders should: 

3. Undertake watershed based planning, which integrates 
supporting ecological systems with those systems contained 
in this Plan. 

 
Planning Act, Section 2(a) 

The Minister, the council of a municipality, a local board, a planning 
board and the Municipal Board, in carrying out their responsibilities 
under this Act, shall have regard to, among other matters, matters 
of provincial interest such as the protection of ecological systems, 
including natural areas, features and functions. 

Provincial Policy Statement (PPS) and Natural Heritage Reference 
Manuals 

The PPS identifies the need for long term protection of natural 
features and their functions.  Natural heritage systems that link 
natural heritage features and hydrological features across the 
landscape are to be maintained, improved and/or restored. Key 
sections of the PPS pertaining to Natural Heritage Systems are: 

2.1.1 Natural features and areas shall be protected for the long 
term. 

2.1.2 The diversity and connectivity of natural features in an area, 
and the long-term ecological function and biodiversity of 
natural heritage systems, should be maintained, restored 
or, where possible, improved, recognizing linkages between 
and among natural heritage features and areas, surface 
water features and ground water features. 

2.2.1 Planning authorities shall protect, improve or restore the 
quality and quantity of water by: 

a) using the watershed and the ecologically meaningful 
scale for planning; 

b) minimizing potential negative impacts, including cross-
jurisdictional and cross-watershed impacts; 

c) identifying surface water features, ground water 
features, hydrologic functions and natural heritage 
features and areas which are necessary for the 
ecological and hydrological integrity of the watershed. 

Section 4.6 of the PPS recognizes that the policies of the PPS 
represent minimum standards.  Planning authorities and decision-
makers can go beyond these standards as long as they do not 
conflict with any other policy in the PPS.  The Natural Heritage 
Reference manual provides technical guidance for implementing the 
natural heritage policies of the PPS.  Section 3.0 of the manual is 
specifically dedicated to NHS identification and planning while the 
remainder of the manual provides technical guidance on various 
NHS components. 

The Conservation Authorities (CA) Act 
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Described in Section 21(1), CAs have the power to study and 
investigate the watershed and to determine a program whereby the 
natural resources of the watershed may be conserved, restored, 
developed and managed. The identification and mapping of the 
Natural Heritage System in the Lynde Creek watershed  and the 
characterization of the watershed’s water resources with the 
analytical work and watershed management recommendations 
provided in the Lynde Creek Watershed Management Plan identifies 
and sets out what is needed to ensure the watershed resources can 
be managed in a sustainable manner.   

In addition, CAs have the power to prohibit any development that, 
in their opinion, affect the conservation of land.  Section 28(1)(c) 
prohibiting, regulating or requiring the permission of the authority 
for development if, in the opinion of the Authority, the control of 
flooding, erosion, dynamic beaches or pollution or the conservation 
of land may be affected by the development. 

Other applicable sections of the Act include:  

Objects 

20. (1) The objects of an authority are to establish and undertake, 
in the area over which it has jurisdiction, a program designed 
to further the conservation, restoration, development and 
management of natural resources other than gas, oil, coal 
and minerals. 

 
Powers of authorities 

21. (1) For the purposes of accomplishing its objects, an authority 
has power, 

(a) to study and investigate the watershed and to determine 
a program whereby the natural resources of the 
watershed may be conserved, restored, developed and 
managed 

Ontario Water Resources Act (2007) 

Under the Water Taking and Transfer Regulation (O. Reg. 387/04) 
Permits to Take Water (PTTW) are issued by the Ministry of 
Environment. In accordance with the regulation, the Director issuing 
a PTTW shall consider a suite of environmental issues to the extent 
that information is available, and relevant to the application. These 
considerations include: 

 the natural variability of water flow or water levels, 
 minimum stream flow, 
 habitat that depends on water flow or water levels, and 
 water balance and sustainable aquifer yield. 

While specific reference to watershed plans and associated 
technical reports is not made in the Regulation, such documents 
provide information and guidance regarding the considerations 
noted above. 

Clean Water Act (2006) 

Assessment reports 

15. (1) The source protection committee for a source protection 
area shall prepare an assessment report for the source 
protection area in accordance with the regulations, the rules 
and the terms of reference. 2006, c. 22, s. 15 (1). 
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Contents 

(2) An assessment report shall, in accordance with the regulations, 
the rules and the terms of reference, 

(a)  identify all the watersheds in the source protection area; 
(b) characterize the quality and quantity of water in each 

watershed identified under clause (a); 
(c)   set out a water budget for each watershed identified under 

clause (a) that, 
(i)    identifies the different ways that water enters and 

leaves the watershed and quantifies the amount of 
water that enters or leaves in each way, 

(ii)   describes the groundwater and surface water flows in 
the watershed, 

(iii)  quantifies the existing and anticipated amounts of water 
taken from the watershed that require a permit under 
section 34 of the Ontario Water Resources Act,  

(iv)  quantifies the existing and anticipated amounts of water 
taken from the watershed that do not require a permit 
under section 34 of the Ontario Water Resources Act, 
and 

(v)  having regard to the information referred to in 
subclauses (i) to (iv), describes any existing or anticipated 
water shortages in the watershed 

 
Official Plans (OPs)  

Official Plans are prepared under Part III of the Planning Act and 
must have regard to the directions set out in the PPS.  Development  
that does not conform to an OP cannot be carried out.  OPs are the 
main formal mechanism for implementing Watershed Plans.  

Incorporation of the Watershed Plan, principles and 
recommendations (including monitoring and implementation) in 
OPs solidifies municipal commitment to achieving watershed health.  
The identification and designation of protected land is 
demonstrated in the schedules that are included in OPs.  An OP can 
also specify required studies and conditions that have to be met 
where a development proposal may affect natural heritage 
features.  The inclusion of natural heritage systems in municipal and 
regional OPs is essential for ensuring that natural areas receive the 
ongoing protection required for them to function over the long 
term.  CLOCA has identified planning policies within this watershed 
plan, based on recommendations designed to achieve ecological 
health, that are designed for incorporation into Regional and local 
municipal OPs.   

Zoning By-Laws 

Zoning by-laws regulate the use of  land and  will direct the type and 
form of development permitted on land.  While Conservation 
Authorities can advise and make recommendations through policy 
review, it is up to the discretion of the Municipality to pass by-laws.   

Site Plan Control Areas 

Through Section 41 of the Planning Act, a Municipality can specify 
areas in its OP where development is subject to site plan control.  In 
these designated areas, a proponent must provide plans showing 
the location of all buildings and structures.  The Municipality when 
conducting it’s review may grant conditions of approval to be 
fulfilled prior to, during and after development.  Conservation 
Authorities will advise the Municipality with respect to conditions of 
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development which will protect sensitive natural areas and natural 
resources.   

TOPICS AS REQUIRED BY THE ORMCP TECHNICAL 

PAPER #9 - WATERSHED PLANS 

A series of technical papers were released as part of the ORMCP 
that provide specific guidance for undertaking components of the 
Plan.  Technical Paper #9 provides guidance to assist municipalities 
in preparing watershed plans.  In this case, CLOCA is preparing the 
Lynde Creek Watershed Plan, as it is common for Conservation 
Authorities to use in-house expertise to develop these plans for use 
by and with municipal partners. 

#1: IDENTIFICATION OF KEY NATURAL HERITAGE FEATURES 
Key Natural Heritage features were identified in the Existing 
Conditions Report finalized June 2008 as well as form the basis for 
the Natural Heritage System developed for the Watershed Plan.

#2: SIGNIFICANT WILDLIFE HABITAT 
Significant Wildlife Habitat has been identified in detail in the 
Existing Conditions Report, specifically in Chapter 17 – Terrestrial 
Natural Heritage and Chapter 18 – Wetlands.  Significant Wildlife 
Habitat is further identified and included in the Natural Heritage 
System as a component of the Functional Natural Heritage System 
through the inclusion of core habitat areas and corridors.  The 
components include: 

 Size, shape, juxtaposition, representation, multiple function 
and Species at Risk (SAR) considerations for the habitat 
patch; 

 Regional, landscape and local corridors;  
Riparian corridors, SAR riparian corridors, wetlands and 
woodlands >/= 0.5 ha; and 

 Provincially Significant Wetlands (PSWs) and Area of Natural 
and Scientific Interest (ANSIs). 

#3: SUPPORTING CONNECTIVITY 
The Natural Heritage System was developed as a connected system 
for the watershed.  Key existing corridors and habitats were 
identified and manual edits were made to the modeled system to 
ensure appropriate connectivity throughout the watershed. 

#4: LANDFORM CONSERVATION 
There are three key landforms in the Lynde Creek Watershed: the 
Oak Ridges Moraine, the Lake Iroquois Beach and the Lake Ontario 
Shoreline.  These landforms have been identified in mapping and 
policy recommendations for protection.   

#5: IDENTIFICATION AND PROTECTION OF VEGETATION PROTECTION 

ZONES FOR ANSI 
ANSIs have been included as part of the Functional Natural Heritage 
System, meaning they form a core component of the overall Natural 
Heritage System and as such are identified through mapping and 
protected through policy. 

#6: IDENTIFICATION OF SIGNIFICANT PORTIONS OF HABITAT FOR 

ENDANGERED, RARE OR THREATENED SPECIES 
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The ability of a habitat patch to support Species at Risk (SARs) as 
identified by the Committee on the Status of Wildlife in Canada 
(COSEWIC) and the Committee on the Status of Species at Risk in 
Ontario (COSSARA) has been considered in the identification of Core 
Habitat Areas and Corridors in the Natural Heritage System. 

In 2008, the Endangered Species Act, 2007 was enacted.  This Act 
places responsibility for identification of specific habitat 
requirements with the Province.  CLOCA will continue to work with 
the MNR in the protection of Endangered, Threatened and Special 
Concern Species. 

#7: IDENTIFICATION AND PROTECTION OF SIGNIFICANT WOODLOTS 
All woodlots >/= 0.5 ha have been identified as part of the Natural 
Heritage System of the watershed and protected through policy.  
Also, the policies recognize and support the preparation of technical 
studies which further delineate features and confirm the ecological 
function of these features. 

#8: PREPARATION OF NATURAL HERITAGE EVALUATIONS FOR ALL KEY 

NATURAL HERITAGE FEATURES 
Through the development of the Natural Heritage System a 
Landscape Analysis Model (LAM) was used to evaluate the quality of 
natural heritage features in the watershed based on: 

 Distance from urban areas; 
 Proximity to natural areas; 
 Distance from roads; 
 Interior forest; 
 Proximity of a wetland to a forest; 
 Proximity of a forest to a wetland; and 

 Proximity to a water feature (within Ontario Regulation 
42/06). 

Through this modeling process, key natural heritage features were 
evaluated to determine the quantity and quality of the feature as 
well as the value of the feature as part of the larger Natural 
Heritage System. Also, the policies recognize and support the 
preparation of technical studies which further delineate features 
and confirm the ecological function of these features. 

#9:  PREPARATION OF A WATERSHED PLAN 
The Watershed Plan has been prepared in accordance with all 
provincial requirements and guidelines and in consultation with 
area municipalities and watershed stakeholders. 

#10: WATER BUDGET 
A Water Budget was prepared for the CLOCA jurisdiction by Earthfx 
Incorporated entitled Water Budget Modelling for the Oak Ridges 
Moraine Conservation Plan in the Central Lake Ontario Conservation 
Authority Area finalized in March 2011.  This work was used in the 
evaluation of management scenarios as discussed in Section 3 of 
this Watershed Plan. Also, the policies recognize and support the 
preparation of technical studies which further delineate features 
and confirm the ecological function of these features. 

#11: WATER CONSERVATION PLANS 
The Region of Durham undertakes water conservation initiatives 
and as such, key recommendations for anthropogenic use have not 
been offered in this Watershed Plan.  Water as it relates to 
ecological functions and need has been assessed through the Water 
Budget work and imperviousness modeling. Principles of water 
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conservation are woven through the recommendations of this 
Watershed Plan.   

 

#12: HYDROLOGICAL EVALUATIONS FOR HYDROLOGICALLY SENSITIVE 

FEATURES 
The Water Budget work conducted by Earthfx includes the 
identification of all water features in the CLOCA jurisdiction and 
notes key hydrological indicators, including the identification of 
sensitive areas, features and functions. 

#13: SUBWATERSHED IMPERVIOUS SURFACES 
An Impervious Surfaces model was developed and used as part of 
the management option evaluations (Scenario Analysis) in the 
Watershed Plan.  The model identifies existing impervious surfaces 
and was used to predict the impact of various management 
scenarios during the evaluation of impervious cover in the 
watershed. 

#14: WELLHEAD PROTECTION - SITE MANAGEMENT AND CONTINGENCY 

PLANS 
100% of the municipal drinking supply for the Lynde Creek 
Watershed comes from Lake Ontario. As such, wellhead protection 
site management and contingency planning was not required from 
this watershed.  However, the Intake Protection Zones (IPZs) in Lake 
Ontario were considered for water quality targets and 
recommendations in the Watershed Plan. 

#15: RECREATION AND VEGETATION MANAGEMENT PLANS 

Recreation plans are addressed by local municipalities.  CLOCA has a 
history of working with municipalities to review and comment upon 
plans in association with plan review responsibilities.  As such, no 
recreation-specific recommendations are made in this Watershed 
Plan but CLOCA will continue to provide advice and support where 
requested to municipalities.  Vegetation management planning has 
been considered through the inclusion of policies on riparian 
buffers, the Natural Heritage System and policy recommendations 
encouraging the naturalization of Greenspace lands. 

#16: SEWAGE AND WATER SYSTEM PLANS 
Sewage and water system plans have not been included specifically 
as part of this Watershed Plan.  The Regional Municipality of 
Durham and local Municipalities address these issues in their policy 
and management plans.  The Watershed Plan aims to reinforce their 
work and recommendations by providing a plan to achieve healthy 
watershed conditions that support efficient and effective sewage 
and water systems. 

#17: STORMWATER MANAGEMENT PLANS 
The Watershed Plan addresses stormwater management plans 
through the Action Plans and municipal policy recommendations for 
water quantity and quality control.  The Action Plans will support 
further investigation into underperforming areas of the watershed 
and provide remediation / retrofit recommendations to municipal 
responsible authorities.  Several of the policy recommendations 
included in the Watershed Plan specifically address stormwater 
quality, quantity, control and maintenance issues. 
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CONFORMITY TABLE 

Legislation Sub-
section Requirement 

Conforms?  

√ or X 

ORMCP 24(1) 
Every upper-tier municipality and single-tier municipality shall, on or before April 22, 2003, begin preparing a watershed plan, in 
accordance with subsection 24.(3), for every watershed whose streams originate within the municipality’s area of jurisdiction.   

ORMCP 24(2) The objectives and requirements of each watershed plan shall be incorporated into the municipality’s official plan.   

ORMCP 24(3) 

A watershed plan shall include, as a minimum,  
a) a water budget and conservation plan as set out in section 25;  
b) land and water use and management strategies; 
c) a framework for implementation, which may include more detailed implementation plans for smaller geographic areas, such 

as subwatershed plans, or for specific subject matter, such as environmental management plans; 
d) an environmental monitoring plan; 
e) provisions requiring the use of environmental management practices and programs, such as programs to prevent pollution, 

reduce the use of pesticides and manage the use of road salt; and 

f) criteria for evaluating the protection of water quality and quantity, hydrological features and hydrological functions. 

  
Note:  Durham 
Region is 
responsible for 
the Water 
Conservation 
Plan. 

ORMCP 25(1) 
Every upper-tier municipality and single-tier municipality shall, on or before April 22, 2003, begin preparing a water budget and 
conservation plan, in accordance with subsection 25.(2), for every watershed whose streams originate within the municipality’s area of 
jurisdiction. 

  
 

ORMCP 25(2) 

A water budget and conservation plan shall, as a minimum,  
a) quantify the components of the water balance equation, including precipitation, evapotranspiration, groundwater inflow and 

outflow, surface water outflow, change in storage, water withdrawals and water returns; 
b) characterize groundwater and surface water flow systems by means of modelling; 
c) identify,  

(i) targets to meet the water needs of the affected ecosystems,  
(ii) the availability, quantity and quality of water sources, and  
(iii) goals for public education and for water conservation; 

  
 

ORMCP 25(2) (a)  provide for monitoring of the water budget and water conservation plan for effectiveness.    
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Legislation Sub-
section Requirement 

Conforms?  

√ or X 

ORMCP 27(1) 

Except with respect to land in Settlement Areas, all development and site alteration with respect to land in a subwatershed are 
prohibited if they would cause the total percentage of the area of the subwatershed that has impervious surfaces to exceed,  

(a) 10 per cent; or 
(b)  any lower percentage specified in the applicable watershed plan. 

  

Greenbelt 
Plan (GBP) 

3.2.3 

(2) Watersheds are the most meaningful scale for hydrogeological planning and municipalities together with conservation authorities 
should ensure that these watershed plans are completed and used to guide planning and development decisions within the 
protected countryside. 

(3) Cross-jurisdictional and cross-watershed impacts need to be considered in the development of watershed plans. The development 
of watershed plans and management approaches in the protected countryside should be integrated with watershed planning and 
management in the NEP and ORMCP areas and beyond the (Greenbelt). 

(4) Municipalities shall, in accordance with provincial direction related to the protection of source water, protect vulnerable surface 
and groundwater areas, such as wellhead protection areas, from development that may adversely affect the quality and quantity of 
the ground and surface waters. 

  

GBP 3.25 

For areas surrounding watersheds within CLOCA jurisdiction and the local, regional and broader scale natural heritage systems of 
southern Ontario, such as lake Ontario shoreline, including its remaining coastal wetlands, the Great Lakes Coast, Lake Simcoe, the 
Kawartha Highlands, the Carolinian zone and the Algonquin to Adirondack corridor, the federal government, municipalities, 
conservation authorities, other agencies and stakeholders should: 

(a) Consider how activities and land use change both within and abutting the CLOCA watersheds (including the Greenbelt and 
Oakridges Moraine) relate to the areas of external connections identified in this Plan 

(b) Promote and undertake appropriate planning and design to ensure that external connections are maintained and or 
enhanced and; 

(c) Undertake watershed based planning, which integrates supporting ecological systems with those systems contained in the 
Plan. 

The river valleys that run through existing or approved urban areas and connect the Greenbelt to inland lakes and the Great Lakes are a 
key component of the long-term health of the Natural System. In recognition of the function of the urban river valleys, municipalities 
and conservation authorities should: 

(a)   Integrate watershed planning and management approaches for lands both within and beyond the Greenbelt. 
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Legislation Sub-
section Requirement 

Conforms?  

√ or X 

GBP Definitions 

A watershed plan is a plan used for managing human activities and natural resources in an area defined by watershed boundaries. 
Watershed plans shall include, but are not limited to, the following components: 
a) A water budget and conservation plan; 
b) Land and water use and management strategies; 
c) A framework for implementation; 
d) An environmental monitoring plan; 
e) Requirements for the use of environmental management practices and programs; 
f) Criteria for evaluating the protection of water quality and quantity, and key hydrologic features and functions; and 
g) Targets on a watershed or sub-watershed basis for the protection and restoration of riparian areas and the establishment of 

natural self-sustaining vegetation. 

  

Provincial 
Policy 

Statement 
(PPS) 

1.2.1 
A coordinated, integrated and comprehensive approach should be used when dealing with planning matters within municipalities, or 
which cross lower, single and/or upper-tier municipal boundaries, including: 
d) ecosystem, shoreline and watershed related issues; 

  

PPS 2.2.1 

Planning authorities shall protect, improve or restore the quality and quantity of water by: 
a) using the watershed as the ecologically meaningful scale for planning;  
b) minimizing potential negative impacts, including cross-jurisdictional and cross-watershed impacts;  
c) identifying surface water features, ground water features, hydrologic functions and natural heritage features and areas which are 

necessary for the ecological and hydrological integrity of the watershed; 

  
Places to 

Grow, 
Growth 

Plan 

3.2.5 (7) Municipalities, in conjunction with conservation authorities are encouraged to prepare watershed plans and to use such plans to 
guide development decisions and water and waste water servicing decisions.   

Regional 
OP 

2.1.1 To ensure the preservation, conservation and enhancement of the Region’s natural environment for its valuable ecological functions 
and for the enjoyment of the Region’s residents.   

Regional OP 2.1.4 To undertake planning functions based on the understanding that there is a relationship between the natural and built environments 
and the principle of preserving resources and protecting the natural environment for future generations.   

Regional OP 2.2.1 
In the planning and development of the Region, the natural environment which includes areas designated as ORM, waterfronts and 
major open space areas as well as the Greenbelt NHS and key natural heritage and hydrologic features shall be given paramount 
consideration in light of their ecological functions and scientific educational and health values. 

  
Regional OP 2.2.3 Woodlands, wetlands and peat bogs shall be protected and managed to provide environmental, recreational and economic benefits to 

the Region.   
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Legislation Sub-
section Requirement 

Conforms?  

√ or X 

Regional OP 2.3.18 

The Region will, in cooperation with the area municipalities, conservation authorities and other agencies having jurisdiction, participate 
in managing the woodlands in the Region by: 
f) establishing an overall woodland cover target of a minimum of 30% or Durham’s total land area.  Recognizing that not all areas of the 

Region will be covered by woodlands, watershed plans will be utilized to assest in establishing woodland targets for a watershed or 
smaller geographical area that is in keeping with the Regional target.  To assist in implementation, watershed plans may also identify 
the most suitable areas that should be targeted for enhanced woodland coverage, avoiding prime agricultural lands.  The use of 
indigenous tree species to achieve these targets is encouraged. 

  

Regional OP 2.3.19 
e) ensure that, for lands located on the Oak Ridges Moraine and the lands within the Protected countryside of the Greenbelt Plan, 

stormwater management and watershed plans and their components, meet the requirements of the Oak Ridges Moraine 
Conservation Plan and the Greenbelt Plan respectively. 

  
Regional OP 2.3.2 The development of a connected and functional natural system comprised of the Greenlands System and additional linkages and 

corridors as identified in area municipal official plans is encouraged.   
Regional OP 2.3.32 High aquifer vulnerability areas shall be detailed in area municipal official plans.  The location and boundaries of high aquifer 

vulnerability areas shall be refined through the preparation of studies such as watershed plans.   
Regional OP 2.3.5 h) Regional Council shall, in conjunction with the Provincial Government and the area municipalities, examine the ways and means to 

maintain wildlife habitats.   
Regional OP 2.3.8 The preparation and implementation of watershed plans is supported as an effective planning tool in the protection of the Region’s 

natural resources.   
Regional OP 2.3.11 The Region, in co-operation with the conservation authorities, shall, where necessary, ensure that the appropriate policies to 

implement individual watershed plans are incorporated into the Regional and area municipal official plans.   
Regional OP 2.3.14 …The location and extent of key natural heritage and/or hydrologic features may be further confirmed through appropriate studies 

such as a watershed plan.   
Regional OP 2.3.20 

Regional Council shall cooperate with the Provincial Government and the conservation authorities to promote the effective use and 
conservation of surface and groundwater resources and to protect against adverse cumulative impacts of development on water 
quality and quantity. 

  
Regional OP 2.3.29 Areas of high aquifer vulnerability are shown on Schedule ‘B’…..Additional areas may be identified through future studies such as 

source water protection plans or watershed studies.   
Regional OP 2.3.46 a) Regional Council shall promote tree planting for the purposes of improving air quality, health and reducing energy use through shading 

and sheltering.   
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Legislation Sub-
section Requirement 

Conforms?  

√ or X 

Regional OP 2.3.46 c) Regional Council shall recognize the potential implications of climate change and will continue to investigate and implement mitigation 
measures where appropriate.   

Regional OP 2.3.48 

The region’s involvement in potential land securement opportunities for conservation purposes shall focus on the following areas and 
considerations: 

A) key natural heritage and hydrologic features and hazard lands 
B) establishment of a regional trail network 
C) damaged or degraded areas 
D) nature and immediacy of threats to an area 
E) proximity of area to existing property in public ownership 
F) the overall cost of purchase and long term management of an area 
G) any other consideration identified through a Council approved Land Securement Strategy. 

  

Regional OP 10B.2.12 

Regional Council shall, in consultation with area municipalities and the conservation Authorities, prepare and endorse watershed plans, 
including water budgets and conservation plans, to satisfy the requirements of the Oak Ridges Moraine Conservation Plan for every 
watershed having streams originating on the Moraine. Watershed plans shall provide knowledge of the terrestrial natural heritage and 
groundwater and surface water systems and recommend how land and water resources are to be protected and enhanced in response 
to changing land uses as a guide to planning decisions.  Appropriate objectives and requirements of the watershed plans shall be 
incorporated into this Official Plan by amendment.  Area municipalities shall incorporate, by amendment, appropriate objectives and 
requirements of the watershed plans into their Official Plans. 

  

Regional OP Definitions 

Watershed Plan: means a plan used for managing human activities and natural resources in an areas defined by watershed boundaries.  
Watershed plans shall include, but are not limited to, the following components: 
a) A water budget and conservation plan; 
b) Land and water use and management strategies; 
c) A framework for implementation; 
d) An environmental monitoring plan; 
e) Requirements for the use of environmental management practices and programs; 
f) Criteria for evaluating the protection of water quality and quantity, and key hydrologic features and functions; and 

g)     Targets on a watershed or sub-watershed basis for the protection and restoration of riparian areas and the establishment of 
natural self-sustaining vegetation. 
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APPENDIX C: DEVELOPING CLOCA’S 
NATURAL HERITAGE SYSTEM – A

METHODOLOGY

Executive Summary of CLOCA’S 

The Th2011 METHODOLOGY DOCUMENT     
development of a Natural Heritage System (NHS) 
for managing natural resources has become a 
widespread tool used by Conservation Authorities 
and planning authorities. A NHS provides a 
scientifically defensible tool to manage watershed 
resources in accordance with the Conservation 
Authorities Act.  A NHS can also be used by 
Municipalities to update municipal environmental 
policies and inform development of municipal 
NHS and identification of significant features. The 
NHS CLOCA developed offers a connected system 
consistent with the direction of other provincial 
land use plans including the ORMCP and 

Greenbelt Plan and can be used as support in the implementation of 
the Natural Heritage section of the Provincial Policy Statement (PPS).  
It also can be used for refinement of the Greenbelt NHS used in the 
Durham Region Official Plan.  CLOCA’s NHS represents a healthy, 
self-sustaining, connected system that supports: a diversity of native 
terrestrial, wetland and aquatic species, communities and habitats; 
natural healthy fish and riparian habitats; and a natural and healthy 
watershed hydrological cycle. It is a connected system consisting of 
PSWs, provincially significant ANSIs, important aquatic habitat, 

riparian corridors, core habitat areas and terrestrial corridors, 
woodlands >/= 0.5ha,  wetlands >/= 0.5ha, and areas identified for 
natural cover regeneration/restoration which will improve 
connectivity and habitat.  This approach of identifying a Natural 
Heritage System that includes existing features as well as 
regeneration/restoration lands is widely supported by provincial 
authorities and extensively referred to in the Natural Heritage 
Reference Manual for Natural Heritage Policies of the Provincial 
Policy Statement, 2005 Second Edition.  CLOCA has identified a 
Natural Heritage System that if protected, can achieve the minimum 
watershed health targets as set out in the Watershed Plan and 
provincial and federal policies.  CLOCA began the process of 
developing a Natural Heritage System for our jurisdiction in 2006 
following the release of the Toronto and Region Conservation 
Authority’s (TRCA’s) methodology for the development of their 
Targeted Terrestrial Natural Heritage System (TTNH).  Since that 
time, CLOCA has dedicated many resources to developing a Natural 
Heritage System (NHS) for our jurisdiction that is built on TRCA’s 
scientific foundation methodology and customized to best reflect 
the conditions and management capacities of CLOCA.  The NHS 
methodology document was finalized in 2010 and updated to reflect 
minor terminology changes in 2011 (i.e. the term Ultimate Natural 
Heritage System was modified to Natural Heritage System). This 
methodology was used to develop the NHSs for the four major 
watersheds within CLOCA from 2007 to 2010, and is being used to 
support the planning review process undertaken by CLOCA staff on 
behalf of area municipalities.  The development of the NHS allows 
CLOCA to better manage the natural features and functions of our 
watersheds based on a systems management approach.  
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Identification of the Functional Natural 
Heritage System (FNHS) 

The Functional Natural Heritage System 
(FNHS) is a series of shapefile overlays, as 
developed in ArcGIS, of valued natural system 
components that include PSWs, ANSIs, core 
habitat and corridors, riparian corridors and 
wetlands and woodlots >/=0.5ha.  Many of 
these components have been derived from 
CLOCA s Ecological Land Classification (ELC) 
mapping, a provincial standard in classifying 
and mapping natural communities, developed 
by the Ministry of Natural Resources (MNR) in 
1998.  CLOCA s ELC mapping has been 
completed to the Community Series level of 
detail, which is defined as the smallest 
ecological unit of mapping (0.5 ha) that can be 
interpreted from aerial photography at a scale 

of 1:10 000.  For the purposes of ELC mapping and subsequently the 
development of a Natural Heritage System, polygons under 0.5 ha 
were not been mapped unless they have been groundtruthed and 
have been included as a rare community type.   

 

 

 

 

 

 

Essentially, the FNHS is a mapped 
representation of the existing 
features of the watershed (both 
terrestrial and aquatic) plus a 
30m buffer along each side of 
streams (also referred to as core 
corridors and/or riparian 
buffers).  It is important to note 
that the 30m buffers represented 
on either side of streams may not 
exist today in a natural state but 
have been included as part of the 
FNHS because they are necessary 
to connect the existing  features 
into a system.  

The example image represents the 
Functional Natural Heritage System 
(FNHS) in the Watershed (i.e. existing 
terrestrial and aquatic features plus 
30m stream buffers as connecting 
corridors). 
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The darkened areas on the example 
image above represent the Targeted 
Natural Heritage System (TNHS) in 
the Watershed (i.e. the areas of land 
identified for restoration / 
regeneration to add value to the 
NHS as a whole). 

Defining the Targeted Natural Heritage System (TNHS) 
An analysis of the existing conditions versus 
the watershed targets identified that in order 
to reach targets of 30% natural cover, 10% 
wetland cover and 75% riparian cover it was 
necessary to identify lands for protection, 
restoration and enhancement.  The NHS 
system model identified targeted lands 
through the application of the Landscape 
Analysis Model (LAM).  This model provided 
the opportunity to determine the parameters 
for the most desirable characteristics of the 
system and run various modelling tests to 
assess the changes in target lands based on 
various target thresholds. 
 
The LAM first analyzed habitat patches using a 
GIS vector-based approach and were scored 
through a weighted average and ranked 
according to their size, shape and matrix of 

influence.  Patch scores were ranked from L1 (best quality) to L5 
(poorest quality).  It was determined that the target threshold for 
running the model would represent a scenario where the majority of 
existing habitat patches moved from L3 (fair quality) to L2 (good 
quality).  Quality of patches increases as the size, shape and matrix 
influences of a patch increases with the addition of land.  It is 
important to note that additional / target lands are not chosen 
based on their ELC classification but are rather selected to improve 
the quality of adjacent features within the system (so their value is 
cumulative to the system, not based on the additional patch itself). 
Essentially, the model assesses the quality of the existing conditions 
of the system and then strategically adds lands where additional 
land mass improves the existing patches, size, shape or matrix of 

influence enough to increase 
the quality of that patch to a 
fair, good or excellent quality 
rating.  Through this exercise, 
the model targeted lands that 
would improve the quality of an 
existing feature to benefit the 
system as a whole. The model 
was “run” or “scenario tested” 
until that threshold of the 
majority of patches reaching a 
score of 3 or greater was 
achieved.  The lands the model 
added to the system became 
the baseline targeted lands for 
restoration / regeneration in 
the Natural Heritage System or 
the Targeted Natural Heritage 
System.  
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Manual Edits to the System 
Following the identification of the FNHS and the 
TNHS CLOCA Natural Heritage staff, using their 
experience in the watershed and on-the ground 
knowledge, made manual edits to the systems 
where appropriate.  Edits included removal of:  

small disconnected hedgerows within 
the FNHS;  
isolated “islands" of forest 
cover/naturalized space that cannot 
reasonably be connected to the system, 
but would be protected through policy;  
target area extensions of existing natural 
cover creating a highly irregular shape 
(ideal forest shape is circular, so 
“fingers” would be removed where 
appropriate);  
target areas identified by the model 
within existing urban areas that are 
unlikely to be achieved; and  
features that no longer exist on the landscape as 2008 
ortho-photos were used for the exercise.   
 

Also, manual additions were made to:  
connect areas intuitively within the ORM or Greenbelt Policy 
Areas;  
fill in gaps where they exist without constraints to enhance 
features;  
create better shape : area ratios of a feature (i.e. filling in 
edges of irregularly shaped features); and  
adding CLOCA properties to recognize the long-term 
protection and inclusion of these lands into the NHS. 

 

 

Identify the Natural Heritage System 
The NHS is a connected system which supports a 
healthy, ecologically functioning and sustainable 
watershed for the long term.  It encompasses a 
connected assembly of features and functions, 
including significant features as identified in the 
PPS.  The value of the NHS is cumulative based 
on lands that enhance the functions of existing 
features. The NHS includes existing natural 
features and future restoration/regeneration 
areas and when realized will meet ecological 
targets set out through science and policy, 
including the healthy watershed targets 
identified for this watershed.  

 

 

 

The NHS is a guide for protecting minimum ecological standards in 
the watershed and every effort should be made to protect, enhance 
and restore it through policy, stewardship, education and other 
available tools. 
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DECEMBER 2011 CLOCA METHODOLOGY DOCUMENT

OVERVIEW

The Natural Heritage System (NHS) for the watersheds within the 
Central Lake Ontario Conservation Authority (CLOCA) jurisdiction has 
been developed in three parts.  The first part is referred to as the 
Functional Natural Heritage System (FNHS) is a series of shapefile 
overlays, as developed in ArcGIS, of valued natural system 
components.  Those components are described in detail in Part 1.  
Many of these components have been derived from CLOCA’s 
Ecological Land Classification (ELC) mapping, a provincial standard in 
classifying and mapping natural communities, developed by the 
Ministry of Natural Resources (MNR) in 1997.  CLOCA’s ELC mapping 
has been completed to the Community Series level of detail, which is 
defined as the smallest ecological unit of mapping (0.5 ha) that can 
be interpreted from aerial photography at a scale of 1:10 000.  For 
the purposes of ELC mapping and subsequently the development of 
a Natural Heritage System, polygons under 0.5 ha have not been 
mapped unless they have been ground-truthed and have been 
included as a rare community type (i.e. Old Growth Forest, Fen).  
Occasional gaps within the corridors that do not represent existing 
natural heritage features, are necessary to connect habitat patches, 
which are required to support and maintain a connected natural 
system. 

The second part in developing the Natural Heritage System is 
determining where additional natural cover should occur adjacent to 
the FNHS, in order to achieve watershed health targets.  CLOCA 
adapted the Targeted Terrestrial Natural Heritage System (TTNHS) as 

developed by the Toronto Region Conservation Authority (TRCA), to 
reflect local conditions for CLOCA watersheds. The methodology for 
the TTNHS is appended and includes the methodology for Landscape 
Analysis Model (LAM) which evaluates habitat patches based on 
their size, shape, and proximity to other natural features.  The 
information presented from the LAM, forms the basis of the TTNHS.   
In addition to generating a TTNHS for the CLOCA jurisdiction, 
additional manual edits are considered (Part 3); edits include the 
removal of small stand alone features with little functional value (i.e. 
small hedgerows).  These edits can be assisted by Greenbelt and 
Recharge/Discharge mapping.  The final product of this exercise is 
the NHS. 

Part 1:  FNHS components 

Core Habitat Areas & Corridors:  

Core Habitat Areas 

Although virtually all vegetated areas provide some habitat for 
wildlife, there are some habitats that can be considered “core” 
because they are able to provide for a large suite of wildlife or 
support sensitive wildlife species.    Deciding which habitats should 
be considered core habitats is a somewhat subjective exercise 
depending on the species being considered, but for the purposes of 
defining a FNHS, the designation of core habitat areas has been 
made using the following criteria:  

Size being the physical size of the habitat being measured.  
Larger sized habitats are preferable to smaller sized habitats. 
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Shape refers to the geometric shape of the habitat being 
measured.  Compact habitat patches (e.g. square or circular) 
are preferable to linear (e.g. rectangular) patches as they 
have fewer edges. 
Juxtaposition being the position of the habitat on the 
landscape relative to other features such as settled areas or 
natural areas.  Natural areas adjacent to other natural areas 
are preferred over natural areas adjacent to urban 
development. 
Representation is the range of a specific habitat type in the 
watershed.  A high diversity of well-distributed habitat types 
is preferable. 
Multiple Function is the ability of a habitat to provide more 
than one function for local wildlife communities.   
Species at Risk refers to the ability of a habitat patch to 
support species at risk as identified by the Committee on the 
Status of Wildlife in Canada (COSEWIC) and the Committee 
on the Status of Species at Risk in Ontario (COSSARO). 

Habitat size and shape are important factors for any habitat, 
however in forests, size and shape are particularly important 
because they determine the amount of forest interior (100 m from 
forest edge) and deep forest interior (200 m from forest edge) that 
may be present.  Forest interior is a prerequisite for many breeding 
birds as it provides increased protection from wind, light, nest 
parasitism and predation.   

As human development approaches and in some cases surrounds 
wildlife habitats, the effects of noise, light, disturbance from 
recreation or pets, and other stressors are increased.  Consequently, 
species that are sensitive to disturbance are less likely to occupy 

these habitats even if they meet their needs for food or cover, and 
the result is a loss in overall biodiversity. Habitat size, shape and 
juxtaposition were evaluated using the LAM.  

Representation and multiple function have been assessed using ELC.  
Because wildlife have varying needs, and some have very specific 
needs, a wide variety of habitats must exist within a watershed to 
support biodiversity.  Representation is not limited to broad habitats 
such as forests and wetlands; it includes types of forests as well as 
types of wetlands. 

The evaluation of habitats for species at risk within the CLOCA 
jurisdiction is done using information from the Natural Heritage 
Information Centre (NHIC), from data collected through field work, 
external documents, or Environmental Impact Studies, and from 
data reported to the Authority by the public.  

Corridors 

Animals are not stationary.  Species have a tendency to move 
between habitats to fulfill dietary or lifecycle needs, seek refuge, 
and escape predation, so connectivity between habitat patches is 
important for maintaining wildlife populations.  At a broader scale, 
connectivity enables animal migration, which is integral to 
maintaining genetic diversity and facilitating the repopulation of 
habitats after local extinction events.   

Because corridors serve a number of functions and operate at 
varying scales, they can be categorized in the following manner: 
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Type Description 

Regional 
Corridors 

These are major movement corridors which connect a 
number of watersheds at a large landscape scale. 
Regional corridors are often comprised of upland areas 
since they exist across watershed divides and they are 
connected via large habitat patches.  Examples of 
Regional Corridors include the Oak Ridges Moraine and 
Lake Iroquois Shoreline.   

Landscape 
Corridors 

These are major movement routes within the 
watersheds that connect core areas and/or are robust 
enough to be sustainable as habitat units themselves.  
They typically follow linear features such as creeks and 
valleys, and can be composed of a series of 
independent habitats that allow wildlife to “hopscotch” 
across the landscape. Landscape corridors should be at 
least 100 metres in width. (Environment Canada, 2004) 

Local 
Corridors 

These are minor movement routes within the 
watershed that help to connect habitat patches into a 
continuous series.  They are often associated with creek 
valleys and typically function at a sub-watershed scale.  
They function with landscape corridors to connect the 
smaller habitats to the larger ones. Local corridors are 
60 metres in width. 

Riparian Corridors 

In order to protect/enhance the thermal regime of the watercourses 
in the CLOCA jurisdiction a minimum 30-metre buffer from the 
wetted width of either side of a watercourse is required.  
Watercourses can be permanent, intermittent and ephemeral. The 
30-metre buffer requirement is well documented in and supports the 
goals, objectives and recommendations of the Central Lake Ontario 
Fisheries Management Plan.

Species At Risk (SAR) Riparian Corridors 

SAR riparian corridors are required to protect the reaches of 
watercourses that provide habitat for the provincially endangered 
Redside dace.  Currently within the CLOCA jurisdiction Redside dace 
occurs only in reaches of the Lynde Creek Watershed, however 
ongoing watershed monitoring occurs across the jurisdiction for this 
species. In keeping with the recovery strategy in development for 
Redside dace, a buffer of the meander belt plus 30-metres on either 
side of the wetted width of the watercourse is required.  Buffers are 
applied to reaches of permanent and intermittent watercourses 
where habitat for Redside dace occurs or has been known to occur 
historically. 

Wetlands >/= 0.5 ha 

Existing wetlands in CLOCA watersheds occasionally fall short of the 
10%/watershed target suggested in Environment Canada’s “How 
Much Habitat is Enough?” AOC Guidelines of 10%/watershed.  The 
guidelines also recommend restoration of wetland habitat to mirror 
historical percentages.  As such, it has been determined that all 
wetlands are valued and should be considered in the development 
of the FNHS.  Since ELC at the Community Series level of detail 
identifies 0.5 ha polygons as the smallest units mappable, 0.5 ha is 
the smallest wetland considered for incorporation into the FNHS.   
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Woodlands >/= 0.5 ha 

Existing woodlands in CLOCA watersheds generally fall short of 
targets suggested in Environment Canada’s “How Much Habitat is 
Enough?” AOC Guidelines of 30%/watershed.  As such, it has been 
determined that all woodlands are valued and should be considered 
in the development of the FNHS.  Since ELC at the Community Series 
level of detail identifies 0.5 ha polygons as the smallest units 
mappable, 0.5 ha is the smallest woodland considered for 
incorporation into the FNHS.   

Provincially Significant Wetlands (PSWs) 

PSWs have been designated by the Ministry of Natural Resources 
and are protected features under provincial policies including the 
Provincial Policy Statement, The Oak Ridges Moranine Conservation 
Plan and the Greenbelt Plan.  While already protected by policy, 
PSWs are also important biological features and therefore warrant 
inclusion into the FNHS mapping.  

Areas of Natural and Scientific Interest (ANSIs) 

ANSIs have been designated by the Ministry of Natural Resources 
and are protected features under provincial policies including the 
Provincial Policy Statement, The Oak Ridges Moranine Conservation 
Plan and the Greenbelt Plan.  While already protected by policy, 
ANSIs are also important biological and physiographical features and 
therefore warrant inclusion into the FNHS mapping. 

Part 2:  NHS components 

Methodology for Developing a Targeted Terrestrial Natural 
Heritage System 

Introduction 

Following an extensive literature review, CLOCA adopted the 
Toronto and Region Conservation Authority’s Targeted Terrestrial 
Natural Heritage Approach (2005) in early.  It was felt that this 
approach would suit our own needs within the CLOCA jurisdiction.  
The premise of the TTNHS development comes from amendments to 
the Planning Act in 1996 and the then drafted Comprehensive Set of 
Provincial Policy Statements that were introduced by the Federal 
Government, which placed more onus on the municipalities for land-
using planning.  Specifically, the onus was placed on municipalities 
to define significant natural heritage feature and functions.  
Conservation Authorities have long played an active role in providing 
natural heritage advice to municipalities with regard to natural 
heritage, so developing a tool that would assist municipal partners, 
seemed like a logical next step. 

The rapid urban expansion in the Greater Toronto Area (GTA) has 
led to continuous incremental loss of natural cover and species.  
Despite good intentions, land use policies that focus on protecting 
only the most significant of habitats ultimately contribute to the 
overall loss in biodiversity and ecosystem function.  In a landscape 
that quite likely supported over 90% forest cover prior to 
settlement, current mapping shows that only 20% remains.  This 
represents a substantial loss. 
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CLOCA’s approach for the development of a TTNHS was the 
adoption of the work already undertaken by TRCA which is 
appended in this document for reference.  Minor changes were 
made to the TRCA methods as are reflected in this document for 
adaptation to the CLOCA jurisdiction.  The approach used in defining 
the TTNHS is broken down into three components: 

1. evaluation of current habitat patch characteristics using 
landscape metrics; 

2. determining the targeted condition for the landscape; 
3. identifying protection and restoration opportunities to reach 

the predetermined target condition for the watersheds 
within the CLOCA jurisdiction. 

The base premise for the TTNHS is that in the heavily fragmented 
landscape of the GTA, more natural cover is required to improve 
ecological function and integrity, and that, based on historical 
conditions and the tendency of natural succession, most of that 
cover should be forest. 

There are four stages in developing the terrestrial natural heritage 
system and they are as follows: 

1. determine existing conditions (landscape analysis) 
2. determine what condition is needed in the landscape (target 

setting process) 
3. develop a scenario that achieves the targets (systems design 

– provided by TRCA) 
4. evaluate the resulting scenario to determine if targets are 

met (landscape analysis) 

Methodology 

Study Area Definition 

The study area is defined by the watershed boundaries of the 
Central Lake Ontario Conservation Authority’s jurisdiction.  For the 
purposes of defining a Targeted Terrestrial Natural Heritage System, 
and recognizing target percentage of 30% forest cover as defined by 
the AOC guidelines (Environment Canada, Ontario Ministry of 
Natural Resources and Ontario Ministry of Environment 1998, 2004) 
A scenario approach was used.  GIS scenarios were modeled using 
the LAM and addressing where the largest shift in L3 quality habitat 
patches to L2 quality patches.  Ironically this shift happened at 
approximately 30%.   

The Methodology document is comprised of two parts:  (1) The 
Natural Heritage Methodology for developing the Landscape 
Analysis Model (LAM) which was used to develop the (2) Targeted 
Terrestrial Natural Heritage System.  Both methodologies closely 
reflect the TRCA approach with minor modifications. 

Part 2.1:  Developing a Landscape Analysis Model (LAM) 

Data Preparation 

In a region of rapid land use change, landscape-level analyses must 
be based on the most recent information possible.  The CLOCA 
landscape analysis was derived from 2008 orthogonally rectified 
aerial photography.  Discreet polygons were digitized at a scale of 
generally 1:3000.  Natural communities were classified according to 
ELC at the Community Series level of detail and other land uses 
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including Agriculture and Urban were defined using land cover 
classification criteria developed by CLOCA.  All polygons were 
digitized onscreen utilizing Arcview software. 

Habitat and Land use Definition 

An important step in defining and mapping habitat patches for a 
terrestrial natural heritage strategy is to specify the different types 
of habitat to be used in the landscape analysis.  The major habitat 
types considered for the CLOCA analysis are forest (including 
successional areas), wetland, meadow and beach/bluff.  The 
Community Series level of detail in which CLOCA bases much of its 
natural heritage work on, needed to be nested upward into more 
general categories. 

Table 1:  Nested ELC  

Forest Wetland Meadow Beach/Bluff 
Coniferous 
forest 

Open fen Open tallgrass 
prairie 

Open 
beach/bar 

Mixed forest Shrub fen Tallgrass 
savannah 

Shrub 
beach/bar 

Deciduous 
forest 

Treed fen Tallgrass 
woodland 

Treed 
beach/bar 

Cultural 
plantation 

Open bog Cultural 
meadow 

Open bluff 

Cultural thicket Shrub bog Inactive 
aggregate 

Shrub bluff 

Cultural 
savannah 

Treed bog  Treed bluff 

Cultural 
woodland 

Meadow marsh  Open cliff 

Coniferous Shallow marsh  Shrub cliff 

Forest Wetland Meadow Beach/Bluff 
swamp 
Mixed swamp Submerged shallow 

aquatic 
 Treed cliff 

Deciduous 
swamp 

Mixed shallow 
aquatic 

  

 Floating-leaved 
shallow aquatic 
Thicket swamp 

  

 Open Water 
Aquatic 

  

 
Polygon borders are generally defined by obvious changes in the 
type of habitat or land use.  Roads, railways, wide trails and obvious 
breaks in canopy closure (at a scale of 1:3000) are considered as a 
break in habitat patches.  Areas covered by roads, railways and trails 
are considered as “urban” land use as per the definition in Table 2.  
An exercise was completed to distinguish natural open water areas 
from man-made ponds, so that Open Water Aquatic (OAO) ELC units 
could be included as they are most often associated with wetland 
features. It was necessary to include these OAO features in the LAM 
so that they wouldn’t be targeted for restoration in the TTNHS. 

 

Table 2:  Summary of the habitat type and land use patch 
definitions used to delineate polygons. 

Habitat Type/Land use Community Types Considered 
Forest FOC, FOM, FOD, CUP, CUT, CUS, CUW, 

SWC, SWM, SWD 
Wetland FEO, FES, FET, BOO, BOS, BOT, MAM, 
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MAS, SAS, SAM, SAF, SWT, OAO 
Meadow TPO, TPS, TPW, CUM, Inactive aggregate 
Beach/Bluff BBO, BBS, BBT, BLO, BLS, BLT, CLO, CLS, 

CLT 
Agriculture Croplands, orchards and pastures 
Built Form (Urban) These areas are considered any part of the 

landscape that has been modified 
primarily for human use other than 
agriculture or natural ELC communities.  
This designation includes, residential, 
commercial, industrial, road and 
manicured areas such as cemeteries, golf 
courses and parkland. 

Natural Water Feature Lakes and OAO 

LANDSCAPE ANALYSIS MODEL (LAM):  PATCH 

ANALYSIS AND SCORING METHODOLOGY 

The landscape-level patch analysis applies several criteria and 
measures that are relevant to the inherent qualities of individual 
habitat patches and their position in relation to each other and to 
current surrounding landuses.  Measuring attributes of habitat 
patches and their interrelationships is the basis of landscape 
analysis. 

Once the major habitat and landuse types have been digitized, the 
analysis is undertaken using a vector-based approach in ARCView 
GIS (Figure 1) with the Spatial Analyst addition.  Habitat patches can 
be scored and ranked according to their respective qualities.   

There are three measures used to quantitatively score individual 
habitat patches in the LAM.  These are:  size, shape and matrix 
influence and they are discussed in detail below. 

Size

This is the most basic of polygon measures.  For biodiversity and 
maintenance of ecosystem integrity, large habitat patches are 
preferred over small ones because they (Forman, 1995; Bennett, 
1999):   

1. support larger populations of species, thus promoting their 
viability; 

2. have the capacity to support area-sensitive and forest 
interior species; 

3. are better buffered from negative external influences; 
4. likely feature a greater diversity of habitat types which 

increases biodiversity; 
5. are more resilient to external influences; 
6. have a greater capacity to maintain and  promote a variety 

of natural ecological processes. 

Size is a straight-forward measure of the number of hectares 
occupied by a habitat patch.  Patches that straddle the boundary of 
the study area are assessed for the entire size of the patch, not just 
the portion of the patch which falls within the study area.  In the 
case of the CLOCA jurisdiction, a 3 km buffer was added to each 
habitat patch to be inclusive of all patches that straddle the 
watershed boundary. 

In a landscape where forest is the dominant ecosystem type, under 
natural conditions, wetlands typically cover less area than forest 
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(both individually and combined).  Small wetlands are also likely to 
have more wildlife value than a forest of equal size and may also 
provide greater ecosystem functions per unit area.  Therefore it 
makes sense to score wetlands on a scale that gives higher points for 
smaller patch ranges than forests.  Given their rarity in the 
landscape, Beach/Bluff habitats are treated similarly to wetland 
habitat in this regard.  Scores are assigned to the patch size classes 
for each habitat type (Table 3). 

Shape

Patch shape is a measure of its exposure to external influences, 
including the negative edge effects resulting from habitat 
fragmentation.  Theoretically, the more convoluted the polygon, the 
larger its edge, the higher its exposure to these influences will be 
(Forman, 1995). 

Shape is scored as a patch’s perimeter (edge to area ratio – P/A).  To 
compensate for the increase in perimeter with increasing size, a 
corrected shape calculation is used (TRCA, 2005) 

(28.2) x (P)/(A)1/2

A perfect circle (the best possible shape for reduction of edge to 
area) would be P/A = 100.  As in the case for the size measure, 
patches that extend outside of the study boundary are measured in 
their entirety, not just the portion that falls within the study area.  
The scores assigned to the patch shape classes are listed in Table 3. 

Matrix influence

Matrix influence is a measure of the positive or negative influence 
that a patch is subject to based on its surroundings.  Land uses, 

especially urbanization, adjacent to a patch can exert pressure or 
impacts that can have a profound effect on its biodiversity 
(Lindedmayer and Franklin, 2002).  Conversely, a patch can have a 
synergistic and beneficial relationship with other natural cover in its 
surrounding area and to a lesser degree, with agricultural lands.  In 
other words, a patch’s score for “matrix influence” reflects the 
degree to which the surrounding land cover and land uses threaten 
or contribute to its biological integrity and diversity. 

The CLOCA TTNHS measures the character of the matrix within a 3 
km radius from the outside edge of each habitat patch.  The 3 km 
radius of influence extends beyond the limit of the study area in 
most cases.  This distance was chosen because: 

it is considered to be a more than reasonable foraging circuit 
for predatory species associated with edge effects, such as 
raccoons, foxes, feral cats and cowbirds; 
it is a distance within most genetic exchange and species 
dispersal can be expected from most flora and fauna 
species; 
it is a distance that could be considered reasonable by 
people to regularly visit a natural area for recreation 
purposes, by walking, cycling or driving; 
it is at a distance that is inclusive of all large habitat patches 
within CLOCA 

(See Austen et al., 2001; Austen and Bradstreet, 1996; Hames et al., 
2001; Norris & Stutchbury, 2001; Haddad 2000; Askins et al., 1987; 
Robbins et al., 1989)  

In scoring for matrix influence, land cover types are calculated as a 
percentage of the total area within 3 km from the edge of each 
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habitat patch.  For the purposes of this calculation, there are three 
categories of land cover:  natural, agricultural and urban.  Each type 
of land cover receives a base value of 1, 0 or -1 on the gradient of 
influence.  Natural cover surrounding a patch is considered to have a 
positive influence and therefore receives a value of “1”.  Included in 
this category are patches of the major habitat types (forest, 
meadows, wetlands, beach/bluff) as well as natural open water 
communities in the form of lakes, rivers and ponds.  Agricultural 
lands can have a negative impact such as pesticide runoff, but they 
also allow for movement of species between patches and across the 
landscape, in particular for amphibian movement between forests 
and wetlands.  As a result agricultural lands score “0”.  Urban land 
uses do not provide a connectivity function for many species.  In 
fact, due to pollution, refuse increased recreational pressures, the 
presence of domestic animals and invasive species, urban areas in 
general can be considered harmful to natural habitats.  Urban areas 
receive a base point of “-1” 

The percent of each of the land cover types is measured within the 3 
km matrix and each is multiplied by the base point value.  From a 
biodiversity conservation perspective, the perfect patch 
surroundings would be 100% natural (e.g. wetland within and 
extensive forest patch, measuring at least 3 km out from the 
wetland edge) and would receive the highest possible matrix score 
of 100.  The lowest possible score of -100 would come from a 
natural habitat patch immersed within an expanse of developed 
urban land. 

Table 3:  Scoring for size, shape and matrix influence of habitat 
patches 

Score Size (ha) 
Forests and 
Meadows 

Size (ha) 
Wetlands and 
Beach/Bluff 

Shape 
(P/A) 

Matrix 

1 >   0 <   1 >= 500 -100 to -
60 

2 >= 2 >= 1 >= 300 < -20 
3 >= 10 >= 3 >= 200 -20 to 20 
4 >= 50 >= 10 >= 125 > 20 
5 >= 250 >= 20 >= 100 60 - 100 
 
Total Score 

Total score is calculated through a weighted average of the scores 
for size, shape and matrix influence.  This total score is used as a 
surrogate for the ‘quality’ of a habitat patch.  Of the three scored 
criteria, size is the single most important patch attribute.  Large 
patches are more likely to maintain their functional integrity and 
negative edge effects (related to shape and matrix influence) tend to 
have less influence on large habitat patches that generally support 
more interior habitat.  The most important characteristic of a habitat 
patch for biodiversity is its size (Kilgour, 2003), which relates to the 
amount of space required for species to find resources and remain in 
viable populations.  The second factor is matrix influence.  Shape is 
also a factor in determining the quality of a habitat patch, but to a 
lesser degree.  As a result, when adding size, shape and matrix 
influence together for a total landscape score, the size criteria is 
given an additional weighting on a sliding scale from small to large 
patches.  Thus for a small habitat patch, each landscape criterion 
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(size, shape, matrix influence) may have relatively equal weighting 
and the size score may be weighted more than shape and matrix 
influence for a larger patch.  Forest, meadow and beach/bluff 
habitats are treated separately from wetlands as previously 
explained. 

Note:  a multiplier of 3 is used in the calculation of Total Score.  For 
example, a forest patch with the following scores:   

size=5, shape=3 and matrix=4

With the assumption that the patch is 250 ha (see tables 3 and 4), 
the following equation would be used to calculate total score:  

5(50%)*3 +3(25%)*3 + 4(25%)*3 = 13.25

 
Table 4:  Weighting system for total score in forest, meadow and 
beach/bluff habitats 

Size (ha) % Size % Shape % matrix 
>   0 40 30 30 
>= 10 45 27.5 27.5 
>= 250 50 25 25 
>= 500 55 22.5 22.5 
>= 1000 65 17.5 17.5 
>= 2000 75 12.5 12.5 
 
 
 
 
 
 

Table 5:  Weighting system for total score in wetland habitats 

Size (ha) % Size % Shape % Matrix 
>= 1 33.3 33.3 33.3 
>=3 40 30 30 
>=10 45 27.5 27.5 
>=20 50 25 25 
Each of the total weighted scores for landscape are then translated 
into individual patch ranks (Local Ranks) based on the range of 
possible total scores from 0-15 points.  L1 is the highest local rank 
and L5 the lowest (see Table 6) 

Table 6:  Habitat patch total score ranking system (size, shape and 
matrix influence) 

Score Rank Patch Colour ‘Quality’ 
Condition 

13-15 L1 Dark Green Excellent 
11-12 L2 Light Green Good 
9-10 L3 Orange Fair 
6-8 L4 Beige Poor 
0-5 L5 Brown Very Poor 
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Data Collection and Preparation 
Air photo interpretation 
Air photo delineation 

  
Evaluating the Existing Conditions (LAM) 

Total Patch Scores (current conditions) derived from evaluation of patches based soley on the landscape maetrics of Size/Shape & 
Matrix influence.  (These measures can be strongly correlated to values for Quality) 

  
Target Setting 

Set targets  for a desired NH condition using the parameters (Assessment tools) of Quantity, Quality and Distribution and data on 
SOC**, VCOC*** + knowledge of pre-settlement conditions 

Target System Design Model (TDSM) 
Draft Target System Development using the Value Surface Model (VSM) 

The LAM can be used to analyze any number of future scenarios.  However, it cannot directly produce the best arrangement for a 
Target TNH System.  Thousands of ‘what if’ scenarios would have to be produced and each one analyzed.  This led to the recent 
development of the Target System Design Model using VSM – raster analysis, that employs 18 criteria that capture the drivers of 
Quantity, Quality and Distribution to produce a target TNHS 

Testing the Target System 
Rerunning the LAM 

This will quantitatively show, using the LAM, that the targeted system is an improvement over existing conditions, if 
improvements are not enough, the Target Setting and TDSM will be rerun 

Fine Scale Revisions 
Local scale revisions of draft target system through ground-truthing and updated aerial  photography, SOC and VCOC 
Because field data has not been undertaken for the majority of the region, it is at this stage that biodiversity values currently feed 
into the model refinement process 

Final Target System 
A Target TNHS is delivered in 2006 
Will provide input into Watershed and Official Plans 

Part 2.2:  Developing a Target System

* Vegetation Communities      **Species of Concern      ***Vegetation Species of Concern

 

Figure 1: How the Target Terrestrial Natural Heritage System is Developed 
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 Target Setting 

When evaluated according to the methodology described previously, 
the average quality of the habitat patches in the CLOCA jurisdiction 
is used to input into the overall target system.  Modeling of the 
trends in land use changes show that even if the same quantity of 
natural cover was retained through the land use planning process, a 
degradation of overall quality would result.  In order to prevent 
impacts on biodiversity and ecosystem services and redress some of 
the past decisions on the landscape the methodology further 
evolves from landscape analysis into target setting. 

Contextualizing the Targeted System 

Since European settlement, the bulk of changes to natural cover in 
the landscape have been the following: 

Quantity – the amount of natural cover 
Quality – the average size and shape of individual patches 
and the land use matrix that surrounds them 
Distribution – the allocation of natural cover across the 
landscape 

These are the three parameters used to assess and compare past, 
present and predicted conditions and to set targets.  The process of 
setting targets for a desired terrestrial natural heritage system in the 
CLOCA jurisdiction requires an understanding of: 

1. Historical changes in the landscape and the gradual gains 
and losses in natural cover over time; 

2. Likely future gains and losses based on history and trends; 
3. Constraints and opportunities that resulted from past 

decisions and 

4. Potential for the future, including the gains that are desired 
and the losses that are acceptable. 

Targeted Terrestrial Natural Heritage System 

The TTNHS is one configuration of natural cover that would achieve 
the targets set for quality, quantity and distribution across the 
landscape.  Although a vision for the future and a tool for land use 
planning, this TTNHS is influenced by past trends and decisions. The 
target of 30% forest cover is based on AOC guidelines (Environment 
Canada, Ontario Ministry of Natural Resources and Ontario Ministry 
of Environment 1998, 2004) The rationale for determining desirable 
gains and acceptable losses in natural cover and for targeting a TNH 
system in ‘good condition’ is as follows: 

That the condition be above the threshold of crisis management 
(which is fair condition or patches ranking L3 or better as 
determined by the LAM); 

1. To increase overall species biodiversity across the landscape 
(Kilgor, 2003); 

2. To be locally self-reliant for recreational opportunities and 
some natural resources; 

3. To support air and water management and climate 
regulation through natural means; 

4. To boost aesthetic value for cities/communities and 
5. To accommodate the principles of smart growth 
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The Target Setting Process

Determining the desirable condition of the TTNHS is done by setting 
natural cover targets for each of quality, distribution and quantity 
and then in an iterative manner, use quantity targets to determine 
the best possible balance between all three targets (Figure 2). 

Figure 2:  Iterative target setting process 

CLOCA has determined the following for the target setting process: 

The majority of the habitat patches are scoring “good” 
The target for distribution is evenly allocated 
The target for quantity is 30% natural cover in each 
watershed 

 

 

 

Quality 

Definition: the quality target is such that on average, patches are of 
a high enough quality to provide natural system functions that will 
support the defined species and communities of conservation 
concern. 

Target:  The average quality condition of natural cover across the 
CLOCA jurisdiction that would be needed to support species of 
conservation concern would be higher functioning, at a “good” or L2 
ranking, as determined by landscape analysis (Kilgor, 2003) 

Rationale:  The quality target is determined through scenario 
development using the landscape analysis model.  Achieving the 
target will improve system quality sufficiently to offset impacts from 
further urban growth and intensification.  The target expectantly 
falls short of pre-settlement quality which will be unattainable in 
some urban watersheds in any case, but it far exceeds the quality 
likely to result if current approaches continue. 

Distribution 

Definition:  The distribution target describes ideal spatial 
arrangement of natural cover throughout the landscape.  
Distribution is measured qualitatively by examining the 
configuration of natural cover across the landscape. 

Target:  An improvement (i.e. more even distribution of natural 
cover) and/or maintenance of current status quo.  An even 
distribution of natural cover in the CLOCA jurisdiction is 
unachievable. 

Target for Quality
majority of patches scoring “good”

Target for Distribution
Evenly allocated throughout each 
watershed

Target for Quantity
30% natural cover for each 
watershed
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Rationale:  Past land use changes have made dramatic changes to 
the distribution natural cover. Natural cover distribution will 
continue to be weighted to the northern undeveloped areas of the 
watersheds.  Ideally, natural cover would be distributed evenly 
throughout the landscape; however, natural cover must be clumped 
in order to achieve patches of sufficient size to function at high 
levels.  In addition, clumping habitat in some areas means that other 
areas will have little or no habitat.   

As the second step in the iterative target setting process, setting 
distribution targets requires a balance between clumping natural 
cover for quality purposes and distributing natural cover (and the 
ecosystem services associated with natural cover) evenly throughout 
the landscape.  It is recognized that an even distribution target may 
not be achievable in a landscape with constraints due to existing 
development patterns.  

Quantity 

Definition:  The amount of natural cover in the landscape 

Target:  The amount of natural cover necessary to achieve the 
desired quality and distribution of natural cover in the study area at 
30% natural cover. 

Rationale:  The amount of natural cover in the landscape is 
determined by the amount of cover needed to achieve quality and 
distribution targets.  This is instead of the more common, but 
reverse way of thinking, where a quantity target is determined and 
quality and distribution targets are simply the result of that decision.  
It has been determined that in order to achieve good quality and 

distribution across the CLOCA jurisdiction, that a target of 30% 
natural cover is applied across CLOCA’s jurisdiction. 

Target System Design Model 

Once the targets have been determined based on present conditions 
and on the trends of landscape responses to past land use decisions, 
the next task is to design a TTNHS that achieves the targets. 

Not necessarily all existing natural cover will be included in the 
targeted system (i.e. very small and isolated existing patches, 
hedgerows,etc.), conversely land will be selected for restoration that 
currently does not support natural features.  This is an important 
concept of the target system design process as it is aimed at working 
with existing land development patterns with the goal to promote 
viable populations of regional species of concern and improved 
biodiversity. 

Value Surface Approach 

The landscape analysis gives an assessment of the quality of existing 
conditions and this can be compared to the targets set for quality 
and distribution.  But when it comes to reconfiguring or increasing 
the natural cover, the landscape analysis methodology cannot 
automatically determine the best location for restoration or 
protection of natural cover.  A different technology, based on raster 
GIS is used to show the protection and restoration values of the 
entire landscape. 

Expansion of the System 

Defining the TTNHS involves dividing the entire landscape into a grid 
of cells or “pixels”.  In this case the pixels are 10 x10 m in size.  This 
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provides a high level of detail and ensures that small habitat 
patches, particularly wetlands are well represented. 

Each of the pixels is assigned a number of criteria.  These criteria 
were developed to closely match the objectives of the targets and to 
benefit from current protection mechanisms and policies.  Therefore 
both Landscape and Social/Political criteria were selected (Table 7).  
Refer to the Appendix (Table i) for the scoring system used for each 
criteria layer. 

These criteria layers are overlain and the sum of the scores for each 
cell for each criterion provides a range of cell values across the 
landscape that increase in value as values for protection or 
restoration increase.  Several assumptions were built into this 
process that limit where restoration and protection can take place 
based on prior experiences within the CLOCA jurisdiction (see Table 
8). It must be noted that these assumptions in no way diminish the 
importance of the areas affected and CLOCA will assess the 
importance of these areas on a site by site basis through the 
development review process and through Conservation Area 
management programs, where applicable. 

Table 7:  Input Layers for Target System 

Landscape Criteria Social/Political Criteria 
Total Quality Score (LAM) * Provincially Significant Wetlands (PSW) 

Distance From Urban Areas 
Areas or Natural and Scientific Interest 
(ANSI) 

Proximity to Natural Areas Environmentally Sensitive Areas (ESA) 
Distance From Roads Generic Regulation Areas 
Interior Forest CLOCA Properties 
Proximity of a Forest to a Oak Ridges Moraine Conservation Plan 

Wetland Area 
Proximity of a Wetland to a 
Forest 

Greenbelt Plan Area 

Proximity to a Water body  
Distribution *  
Note: 

1. Existing natural cover included in the analysis includes 
Forest and Wetland cover only. 

2. A description of each layer and why it was selected is 
available in the Appendix  

3. *Landscape analysis polygons converted to pixel, thus giving 
a score to pixels falling within existing habitat boundaries 
only. 

Table 8:  Assumptions built into the value system analysis process

Assumption #1 

 

For existing urban areas: 
i) Expansion of the existing TTNHS cannot occur into 

an already developed area. 
ii) All existing habitat identified within the urban 

boundary are included in the final system, 
regardless of scores. 

Assumption #2 For urbanizing areas: 
For urbanizing areas (areas where planning has 
occurred, but development of the area may or may not 
be completed): 
i) Expansion of the system cannot occur into areas 

slated for future development under an approved 
official plan or secondary plan regardless of the 
pixels individual scores. 

ii) The only habitat that will remain in urbanizing 
areas will be associated with areas that have 
existing protection policies (i.e. PSW, ANSI, ESA, EP, 
CLOCA Property and floodplain).  There may be 
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opportunity to build upon existing remaining 
habitats through the site specific plan review 
process. 

Assumption #3 Only existing forest and wetland patches were used in 
the raster analysis.  Old field meadow habitat was 
assumed to be as easy to restore as agricultural fields. 

 

A Different Approach 

Rather than selecting high value existing areas to be protected, this 
approach examines the full range of values and selects those areas 
needed for reaching targets for quality and distribution.  This means 
that some areas where there is no existing cover, but high potential 
for restoration, may score higher than some areas with existing 
cover. 

The model is focused on forest restoration because forest was the 
dominant historical cover in the region and the natural tendency of 
succession over most of the landscape is toward a forest 
community.  However, because it is preferable to maintain a 
landscape mosaic that also includes a diversity of communities and 
associated species, site conditions and the potential to support 
specific community types must be investigated before any 
restoration work is considered.  Conversely, site level investigations 
are also required before any existing habitat is removed. 

The methodology described above automatically and uniformly 
depicts the range of restoration and protection opportunities and/or 
priorities across the entire surface area of the CLOCA jurisdiction. 
The next step is to select the appropriate pixels that together as a 
system fulfill the quantity, quality and distribution targets most 
efficiently.  

Results – Mapping the TTNHS 

The next stage in the process of developing a TTNHS is to decide 
where to draw the line around the TTNHS.  Because the goal is to 
improve the quality and distribution of the natural cover in the 
landscape to allow for viable populations of  regional species of 
concern, the boundary is driven by a target for quality (size, shape 
and matrix influence) and distribution of natural cover; however, the 
model does not need a percent cover as an initial input.  CLOCA has 
applied the 30% target based on the work presented in the Great 
Lakes Remedial Action Plan.  That indicates that areas falling into 
this area of concern should target for a minimum of 30% forest 
cover in all watersheds. (Environment Canada, Ontario Ministry of 
Natural Resources and Ontario Ministry of Environment 1998, 2004).  
This percentage of cover is further supported in the scientific 
literature (see Andren, 1994; Fahrig 1997, 1999, 2001, 2002; Lee et 
al. 2002b; Villard et al. 1999).  Therefore the line is initially drawn 
around the 30% highest scoring pixels and included within the target 
system.  

To direct the mapping of the TTNHS three components – the target 
setting process, system design and landscape analysis – come 
together for mapping the TTNHS. This process begins with the target 
setting process that sets quality, distribution and quantity targets, 
then uses the system design model (GIS) to automatically select the 
best locations for restoration and protection, then evaluates the 
results for quality and distribution and finally revisits the targets to 
determine if the targets have been achieved.  The final result of 
setting the best possible targets for quality, distribution and quantity 
in a real landscape is described below. 
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Quality 

As earlier described, the first consideration of the process is the 
quality of the system, which is targeted to be of ‘good’ quality (11-12 
range for ‘total score’ in the LAM) so that on average, patches are of 
a high enough quality to provide natural system functions that will 
support viable populations of regional species of concern (Kilgor, 
2003).  As described above, an amount of natural cover is needed as 
an initial input to the process and 30% natural cover is chosen as the 
input.  When analyzed for quality, it was determined that the 
average patch quality is within the targeted range.  Had the quality 
been below the target, then a new scenario using more than 30% 
would have been created.  

Distribution 

The next consideration in the target setting process is distribution.  
Due to obvious constraints in expanding the TNHS is the southern, 
primarily urban portion of the landscape, distribution of natural 
cover in the TNHS is concentrated in the northern areas of the 
individual CLOCA watersheds.  This is assessed through the visual 
inspection of the configuration of natural cover and by overlaying a 
grid over both the existing system and the resulting target system 
map and calculating the differences in percent cover per grid. 

Quantity 

The quantity target is the result of striving for a desired quality and 
distribution, as opposed to driving the process.  The minimum target 
for quantity is roughly 30% across the CLOCA jurisdiction.  This 
amount of natural cover achieves targets for quality (movement of 
L3 patches to L2 patches) and due to real constraints in the urban 

areas, increasing the amount of cover beyond this amount will not 
lead to improvements in distribution as determined by the 
methodologies presented here.  Improved science and detailed 
planning studies at a local scale may result in refinements to this 
target. 

Part 3– Manual Edits 

Once the TTNHS is completed and layered on the FNHS, the manual 
edit process is initiated.  In order to complete a connected NHS 
scenario, some clean-up or manual edits must be done.  This non-
automated process is undertaken by experienced Natural Heritage 
staff in a group setting. 

A large map of the watershed in question is produced with the FNHS 
and the TTNHS overlain. This paper map is used to manually track 
the changes made, both deletions and additions to target area.  
Further, two GIS projects were developed to track the edits.  The 
first project documents all the target areas removed and the second 
documents all target areas added.  Through the manual edit process, 
ideally removals should be nearly equal to additions to keep overall 
target consistent with the model.  Once the rough edits are made to 
the project, they are forwarded to GIS for clean-up and 
recalculation.   

In addition to the final tweaking of the FNHS and TTNHS, a CLOCA 
properties map is overlain to ensure that all CLOCA owned lands are 
protected through the NHS.  These lands are fully protected from 
future development and are part of the NHS.  CLOCA is committed 
to the protection of public lands. 
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The edits themselves consist of the following:

Removals:   
Many of the small unconnected hedgerows within the FNHS, 
Stand alone “islands” that cannot be reasonably connected 
to the system, although, still protected through policy,  
Target area extensions of existing natural cover that make 
for  highly irregular shape and 
Excess Target area within the developable areas that is 
unlikely to be achieved. 

Additions: 
Connecting areas intuitively within the ORM or Greenbelt 
Plan areas, 
Filling in existing gaps “donut holes” where they exist 
without constraints, 
To create better shape to area ratios and 
Connecting headwater areas where they exist in close 
proximity without constraints 
Addition of CLOCA properties mapping 

Once the final GIS calculations are attained, a map of the NHS is 
produced.  

NEXT STEPS 

CLOCA is committed to working with its partners and stakeholders to 
fine-tune and determine the ideal Natural Heritage System for the 
area, making use of existing opportunities and ongoing efforts to 
protect natural system functions.  This includes ensuring: 

That the municipal official plans and policies are keeping 
with the intent of the protection of the NHS and its 
components. 
That all known patches that support populations of 
endangered and threatened and species of special concern 
are included in the NHS. 
That all patches that received high size and shape scores (L1-
L3) are captured as part of the system. 
That all known opportunities to achieve the targets in 
existing urban and urbanizing areas are not lost. 
That the requirements of the ORM Conservation Plan 
(MMAH, 2002), and the Greenbelt Plan (MMAH, 2005) are 
met. 

Implementation of the NHS 

The goal is to have the NHS principles, landscape targets and the 
mapped system reflected in municipal/regional official plans and 
policies of CLOCA and its partners.  The targets will be used as a tool 
in watershed plans and may help to guide acquisition programs in 
some cases.  It will further focus public restoration efforts to where 
they can be most effective and potentially guide private land 
stewardship initiatives.  Rather than becoming a fixed line on a map, 
the NHS will be flexible to allow for regional targets to be met at the 
site level even as land use change proposals are introduced.   
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APPENDIX   

Natural Cover 

Area of land occupied by naturally and culturally occurring 
vegetation that is not characterized as agriculture or urban land 
uses.  It could be dominated by native and non-native vegetation 
and does not include manicured areas such as parkland. Existing 
natural cover consists of lands that are existing forest (including 
thicket), wetland, meadow and beach/bluff patches as defined by 
ELC.  Potential natural cover are lands that are currently void of 
existing natural cover, but are needed to achieve CLOCA’s targets for 
the development of the TTNHS. 

Forest 

Forest is a term frequently used, but seldom defined.  For the CLOCA 
system, forest is defined as a “natural habitat dominated by trees” 
established by means of either self perpetuation or by active 
reforestation.  The First Approximation of the Ecological Land 
Classification (ELC) System (Lee, et al., 1998) considers forest habitat 
to be terrestrial vegetation community with at least 60% tree cover.  
The ELC system distinguishes between “cultural” plantations and 
natural deciduous, coniferous or mixed forest and suggests a 
minimum forest patch or polygon size of 0.5 ha, based on 1:10 000 
aerial photos.  For the landscape analysis, minimum forest patch size 
has been set at 0.5 ha, although smaller patches may be mapped 
because digital aerial photography allows for further refinement at a 
larger scale. 

A natural forest typically features several layers, including the 
canopy, understory and herbaceous layer as well as dead standing 

trees and fallen woody debris.  By this definition, treed lawns, 
cemeteries, backyards, etc., do not have forest structure and are 
therefore not considered as a functioning forest, despite providing a 
variety of ecological and environmental benefits.  By contrast, 
plantations which usually display basic forest structure are not 
natural forest, although they still provide some forest functions.  
Depending on how they are managed, their composition and 
structure can improve over time, especially when native tree or 
herbaceous species regenerate under the planted canopy and start 
to form an understorey.  Where they are adjacent to forests, 
plantations contribute to the increase of the total forest area and 
the amount of interior habitat. 

For the landscape analysis of forest habitat patches, forest 
plantations, successional growth, the three major forest types 
defined in the ELC system (coniferous, deciduous and mixed) and 
swamp forests have been combined and treated as forest polygons.  
Including successional growth in the forest category for the 
evaluation, means that polygons with less than 60% tree cover are 
also included (i.e. savannah, woodland or successional lands end up 
being considered forest).  Tree-dominated swamps are mapped and 
evaluated as forest, rather than wetland, in part, because they are 
difficult to discern through aerial photo interpretation and because 
they provide many wildlife values associated with forest (e.g. forest 
interior conditions).  When considering total landscape area covered 
by habitat type, successional growth patches are considered as a 
separate category, as it is important to know the difference between 
what is already forest and what will become forest if left alone. 
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Wetland 

Wetlands include shallow marsh, meadow marsh, shallow aquatic 
systems, swamps, bogs and fens.  Aquatic and wetland sites where 
water is known to be 2 m or less in depth are considered to be 
marsh or shallow water, according to the MNR wetland and ELC 
definitions.  Where water depth is thought to be deeper than 2 m or 
unknown, only the perimeter marsh vegetation is mapped as 
wetland and the remaining area, if large enough is classified as open 
water.  Meadow marsh is often indistinguishable from ordinary 
meadow on aerial photographs and cannot always be accurately 
mapped as wetland unless a wet meadow is known to exist there.  
Swamp communities are dominated either by shrubs or trees.  
Thicket swamps are easier to discern than treed swamps when 
remotely sensed and are usually mapped as wetland polygons.   

No limit was set on the size of a wetland for it to be mapped, since 
they often naturally occur as small pockets in the landscape.  If a 
wetland habitat is discernable at a scale of 1:3000, it is mapped.   

Meadow 

“Meadow” generally refers to old field habitat, fallow field, pasture 
or open areas that are mowed occasionally, such as highway and 
transmission corridors.  Native tallgrass prairie, open sand barren 
and sometimes meadow marsh are also considered as “meadow” in 
the landscape analysis because these are difficult to distinguish from 
old field through air photo interpretation.  Old fields are considered 
to have high restoration potential for native vegetation 
communities.   

As with forest, the minimum size for meadow to be included and 
mapped as habitat was set at 0.5 ha, although again, smaller patches 
may warrant inclusion and be mapped due to some of the unique 
habitats that fall under meadow category. 

Beach/Bluff 

This category includes natural barren coastal habitats that do not 
correspond to any of the other major habitat type categories.  It 
includes natural beach, coastal dunes and bluffs. 

No limit was set on the size of beach/bluff communities to be 
mapped, since they often naturally occur as small features in the 
landscape.  If a beach/bluff is discernable at a scale of 1:3000, it is 
mapped. 

Agriculture 

Agricultural lands include croplands, fruit tree plantations (orchards) 
and pastures.  Agricultural lands are considered to have potential for 
forest restoration (recognizing that the constraints analysis may 
indicate that much of this area is not available). 

Urban 

For the purpose of the landscape evaluation “urban” areas are 
considered to be any part of the landscape that has been modified 
for a human use other than agriculture. This includes residential, 
commercial and industrial land.  It also includes manicured areas 
such as cemeteries, golf courses and parklands because the intensity 
of management and use of these areas is considered to have many 
potential negative impacts on nearby natural areas.  In some cases, 
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manicured parks within the urban areas may be analyzed as having 
restoration/naturalization potential. 
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TTable i):  Targeted Terrestrial Natural Heritage System – Value Surface Criteria    

Criteria Rationale Value Range 

(distance in m) 

Potential to expand Quantity of Natural Cover 

LANDSCAPE CRITERIA 

Patch Quality – Total 
Scores (LAM) 

This criterion makes use of the quality or total scores assigned 
to every patch in the jurisdiction (the weighted addition of the 
individual patch scores for size, shape and matrix influence).  
Total scores are translated from the raw vector score (scored on 
a scale of 1-15) to a raw raster shape score (on a scale of 1-10).  
This criterion assumes that the higher the total score is for a 
particular habitat patch, the more valuable it is for the target 
system.  The maximum value of 10 points is associated with the 
highest total score values 

Raw Score 

 

0-1.5 

1.5-3 

3-4.5 

4.5-6 

6-7.5 

7.5-9 

9-10.5 

10.5-12 

12-13.5 

13.5-15 

Total 
Score 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

No 

Addresses existing conditions only.  Will protect 
existing patches with higher shape total (size, 
shape and matrix influence scores). 

Distance from urban 
areas 

This criterion is related to “matrix influence” in that it assumes 
that the further away a natural area is from an existing urban 
area, the better.  The maximum value of 10 points is associated 
with distances of 2 km or more, this number being the distance 
considered in the landscape measure for matrix influence, which 
in turn was based on a rough estimate of how far certain 
negative impacts (i.e. urban faunal predators, human visitors 
and their pets) can move in a landscape, the benefits of having 
additional natural cover within 2 km of an existing patch for 
biodiversity and how far most visitors are likely to go in order to 

Distance (m) 

0-10 

11-30 

31-60 

61-120 

Score 

1 

2 

3 

4 

Yes 

Shows preference for areas that are far from 
urbanization targeting the more rural areas for an 
increase in natural cover; if cover is increased in 
the areas, matrix influence will be improved in 
areas where new habitat is added and the 
biodiversity will benefit from this as well.  
Distribution of habitat will be influenced in a 
negative way, pulling more natural cover to the 
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use a local natural area on a frequent basis, e.g. daily. 121-200 

201-300 

301-500 

501-1000 

1001-2000 

2000+ 

5 

6 

7 

8 

9 

10 

north and away from urban fringe. 

Proximity to natural 
areas 

This measures the proximity of natural habitat patches, up to a 
distance of 3 km.  Like the former layer, this is also essentially a 
matrix measure, although this one assumes that nearby natural 
areas are beneficial to a habitat patch.  The ways in which they 
can be beneficial are numerous, including support of a breeding 
pair or a population because of close access to additional 
resources, provision of pollination services and seed sources, 
etc. (Austen et al., 2001; Norris & Stutchbury, 2001; Askins et. 
al., 1987; Robbins et. al., 1989).  Natural areas within the study 
area which are very close to each other (0 to 10 m) score the 
maximum of 10 while areas more than 2 km away from each 
other receive a score of 1 

Distance 

0-10 

11-30 

31-60 

61-120 

121-200 

201-300 

301-500 

501-1000 

1001-2000 

2001+ 

Score 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

Yes 

Shows preference for areas that are in close 
proximity to or connected to other natural 
patches; this criterion will mainly serve at 
improving the matrix influence of a patch, and 
potentially the size, shape and connectivity of 
patches may also be improved.  This criterion will 
also affect the distribution of natural cover by 
encouraging more habitat to be built up in areas 
where existing natural cover is high, in the 
northern, more rural areas. 

Distance from roads Roads area negative influence on terrestrial natural heritage.  As 
a result of pollutant run-off, noise, etc., as well as acting as 
barriers to the movement of many species for example, those 
which refuse to cross open areas due to the threat of exposure 
due to desiccation, predation, etc. (Fahrig et al.,1995).  All roads 
outside of the urban fringe are used for this criterion (roads 
within the urban matrix are considered to have the same 
negative influence as the urban area itself).  Areas that are 1 km 

Distance 

0-100 

101-200 

201-300 

Score 

1 

2 

3 

Yes 

Values areas far from roads; will improve the 
distribution of natural cover CLOCA jurisdiction 
due to the grid network of roads.  The shape of 
habitat patches will also be improved through 
rounding out or squaring of patches farther from 
network of roads. 
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or more away from a road receive a score of 10 for this layer. 301-400 

401-500 

501-600 

601-700 

701-800 

801-900 

901+ 

 

4 

5 

6 

7 

8 

9 

10 

Interior Forest Core habitats or interior forest habitat (defined as areas greater 
than 100 m from the forest edge) are important, as many 
species will find difficulties in areas that are near the edge, due 
to the effects listed above.  For this reason, existing interior 
forest is highly valued and it is given a score of 10 points.  Also, 
all forest 100 m moving back out from the interior forest 
boundary is given maximum points.  The reason for this is 
because interior forest would not exist if the surrounding 100 m 
“buffer” of forest is not maintained.  This will promote better 
patch shapes (for patches with interior forest) by not valuing 
linear convolutions or appendages that do not contribute to 
interior forest on larger patches. 

Distance from edge 

100+ 

 

 

Distance back out 
from 100 m forest 
interior line 

100-0 

Score 

 

10 

 

 

Score 

 

 

10 

No 

Addresses existing interior forest only.  Will 
protect existing cover only. 

Proximity of a wetland 
to a forest 

This layer takes into consideration the need for species to have 
close proximity of wetlands to forests to provide summer, spring 
and winter habitat.  Wetland habitat that is in close proximity to 
forest habitat is a given a maximum score of 10 points.  The 
value breakdown goes from immediate adjacency (given a 
maximum score of 10) to a distance greater than 2 km (score of 
0).  This distance of 2 km is both the distance used for the matrix 
influence and the approximate width of concession blocks, 

Distance 

0-10 

10.1-30 

30.1-60 

Score 

10 

9 

8 

No 

Addresses existing forest and wetland cover only.  
Will protect existing cover only 
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where roads break connectivity for these species.  Species 
requiring or benefiting from the close proximity of wetlands and 
forests include:  amphibians such as spring peepers, wood frogs, 
gray treefrogs, eastern newts, spotted and blue spotted 
salamanders; reptiles such as garter and ribbon snakes; birds 
such as wood ducks, hooded mergansers, broad-winged hawks, 
barred owls, screech owls, Acadian flycatchers, Eastern 
phoebes, and mourning warblers; mammals such as beavers 
raccoons, white-tailed deer and eastern chipmunks. 

60.1-120 

120.1-200 

200.1-300 

300.1-500 

500.1-1000 

1000.1-2000 

2000.1+ 

7 

6 

5 

4 

3 

2 

1 

Proximity of a forest to 
a wetland 

This layer is the inverse of the previous, valuing forest 
immediately adjacent to wetlands (and out 10 m) with a 
maximum score of 10.  The value breakdown is the same as the 
above layer.  (Gibbs, 1998a, 1998b; Pope et al., 2000; 
Lamoureux et al., 1999; Guerry and Hunter, 2002; Lehtinen et 
al., 1999). 

Distance 

0-10 

10.1-30 

30.1-60 

60.1-120 

120.1-200 

200.1-300 

300.1-500 

500.1-1000 

1000.1-2000 

2000.1+ 

Score 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

No  

Addresses existing forest and wetland cover only.  
Will protect existing cover only. 

Proximity to a water 
feature (within 
Ontario regulation 
42/06) 

There is value to being in proximity to a water feature 
(watercourse, water body).  Water bodies include lakes and 
ponds of all sizes and any open water or wetland system, not 
including swamp forests (see below).  Some positive influences 
of riparian or water features on terrestrial systems are; nutrient 
exchange, source of drinking water, breeding areas and the 

Distance to Feature 

Within limit 

0-30 

Score 

 

10 

Yes 

Values areas within generic regulation limit and 30 
m beyond.  Will affect natural cover distribution in 
a negative way due to the greater abundance of 
watercourses in the headwater areas to the north 
in the CLOCA jurisdiction.  This criterion will also 
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connectivity function provided by valleys and the influence 
extends beyond the riparian areas and onto tablelands.  The 
nature of this influence changes within this area but at the scale 
we are working at, it is difficult to be more precise and tease out 
the different positive influences of riparian on terrestrial.  
Therefore, all areas that were determined to be within or in 
proximity to water features were given maximum points.  
Proximity to a water feature was based on distance to those 
lands regulated by CLOCA under Ontario Regulation 42/06. 

>30-200 

 

 

>=200 

10 

9-1 (even 
breaks) 

0 

improve matrix influence, patch size and 
connectivity around watercourses. 

SOCICIAL/POLITICAL CRITERIA 

PSWs & LSWs This layer addresses the opportunities where expansion of the 
TNHS can and might be possible due to the presence of a PSW 
or LSW.  A PSW provides some means of protection to the 
landscape due to current provincial policies and this ‘protection’ 
currently extends beyond the PSW feature out to 120 m.  
According to the Natural Heritage Reference Manual for Section  
2.1.3 of the PPS, development applications within a PSW will not 
be allowed.  Development applications on adjacent lands of a 
PSW must demonstrate that there will be no negative impact on 
the feature or its function.  LSWs can be afforded protection 
through local planning authorities. 

Distance 

Within feature 

0-120 

120+ 

Score 

10 

8 

0 

Yes 

Awards protection for existing PSWs and shows 
preference for lands within 120 m of the feature to 
build up on existing cover. Matrix influence in the 
vicinity of PSWs will be improved.  

ANSI This layer addresses the opportunities where expansion of the 
existing TNHS might be possible due to the presence of an ANSI.  
An ANSI provides some means of protection to the landscape 
due to current policies.  Development and site alteration within 
an ANSI is not permitted unless it can be demonstrated that 
there will be no negative impact on the feature and its function.  
For this criteria, all ANSIs (Provincial, Regional and Candidate are 
considered) 

Distance 

Within feature 

0-10 

10+ 

 

Score 

10 

8 

0 

Yes 

Awards protection for existing ANSIs and shows 
preference for lands within 10 m of the feature to 
build up upon existing cover. Many of the ANSIs 
within the CLOCA jurisdiction are also PSWs.   Size, 
shape and matrix influence in the vicinity of ANSIs 
will be improved. 

ESA This layer addresses the opportunities where expansion of the 
existing TNHS can and might be possible due to the presence of 
an ESA.  An ESA provides some means of protection to the 
landscape due to current local policies.  Development 
applications within and ESA must demonstrate through and EIS 
that there will be no negative impact on the feature or its 

Distance 

Within feature 

0-10 

Score 

10 

8 

Yes 

Awards protection for existing ESAs and shows 
preference for lands within 10 m of the feature to 
build up on existing cover.  Size, shape and matrix 
influence in the vicinity of ESAs will be improved. 
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function. 10+ 0 

Generic Regulation 
Areas 

This layer addresses opportunities where expansion of the 
existing TNHS might be possible due to the influence that CLOCA 
has in this area. 

Distance 

Within Reg. Limit 

Outside Reg. limit 

Score 

 

10 

0 

Yes 

Shows a preference for areas within 10 m of the 
CLOCA Regulation line to build up on existing 
cover.  Size of patches and matrix influence in the 
vicinity will be improved.  In some cases shape will 
be affected in a negative way because of long 
linear valley systems (unfavourable shape). 

CLOCA property This layer addresses the opportunities where expansion of the 
existing TNHS is possible due to public ownership and the CA 
mandate to manage its lands according to Natural Heritage 
principles.  

Distance 

Within feature 

Outside feature 

Score 

10 

0 

Yes 

Shows preference for CLOCA owned lands to build 
upon existing cover.  Size, shape and matrix 
influence in the vicinity of CLOCA owned property 
will be improved. 

ORM This layer addresses the opportunities where expansion of the 
existing THNS is possible due to the ORMCP 

Designation 

Core 

Corridor 

Countryside area 

 

Score 

10 

9 

5 

 

Yes 

Shows a preference for lands classified as Core and 
Corridor areas in the ORMCP to build upon existing 
cover.  This criterion will affect distribution in a 
negative way due to geographical location of the 
ORM in the CLOCA jurisdiction.  Size, shape and 
matrix influence on and in the vicinity of the ORM 
will be improved. 

Greenbelt This layer addresses the opportunities where expansion of the 
existing TNHS might be possible due to the influence of the 
Greenbelt Plan in areas outside of the ORMCP. 

 

Designation 

Within plan area 
(outside of ORMCP) 

Score 

5 

 

Yes 

Shows a preference for lands within the greenbelt 
designation, to build upon existing cover.  Size, 
shape and matrix influence within the Greenbelt 
area may be improved. 
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P + SWin + GWin + ANTHin = ET + SWout + GWout + ANTHout + ∆∆S 

Inputs 
Change 

in 
Storage 

Outputs 

APPENDIX D: WATER COMPONENTS OF THE WATERSHED PLAN 
WATER BUDGET 

A water budget quantifies the major components of the hydrologic 
cycle and estimates the amount of water and where the water is 
within the watershed.   It determines the water inputs, outputs and 
changes in storage. Figure 1 demonstrates that the general water 
budget may be expressed as an equation with water inputs to the 
watershed equaling water outputs plus the change in water storage 
(as per the Ministry of Environment’s Technical Paper #9 of the Oak 
Ridges Moraine Conservation Plan). 

Figure 1: Water Budget Equation 

 

 

 

 

Where: P = precipitation, SWin = surface water flow in, GWin = 
groundwater flow in, ANTHin = anthropogenic or human inputs such as 
waste discharges, ET = evaporation and transpiration, SWout = surface 
water flow out, GWout = groundwater flow out ANTHout = 
anthropogenic or human removals or abstractions, ΔS = change in 
storage (surface water, soil moisture, groundwater). Source: (OMOE, 
2005b) 

 
The natural system is extremely complex and the interaction, 
contribution and importance of water resources within this system 

have been modeled using the best available information and modeling 
technology available.  The Water Budget has identified High Volume 
Recharge Areas (HVRAs) and verifies the need to maintain the function 
of these areas.  The Watershed Plan will include recommendations to 
ensure pre-development recharge rates are maintained where 
appropriate. The Water Budget work also contributes significantly to 
the review of Permit To Take Water (PTTW) applications and identifies 
areas where private well use may be susceptible to supply or stress.   

Using the best information available at the time of the Water Budget 
report, the following key conclusions are applicable to the Lynde Creek 
Watershed: 
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 Increased runoff appears to be the most significant 
consequence of development (in particular decreased stability 
and health of stream corridors);   

 Unless water is somehow introduced into the groundwater 
reservoirs, aquifer levels  will be reduced due to development;   

 The recharge function of High Volume Recharge Areas (HVRAs) 
should be maintained everywhere;  

 Preservation of the Natural Heritage System (NHS), 
maintenance of the recharge function of HVRAs, and 
stormwater management practices offer the most beneficial 
solutions for mitigating runoff impacts, providing benefits to 
water recharge, providing for more habitat, aiding water 
quality, improving aquatic habitat, and managing sediment 
supply and channel form; and    

 The CLOCA jurisdiction would appear to benefit from increase 
precipitation and temperature from a water supply standpoint 
due to climate change predictions.

WATER CONSERVATION PLAN 

Water conservation planning contributes to a sustainable and healthy 
watershed by recognizing water as a valuable, finite resource to be 
utilized efficiently, wisely and cost-effectively to sustain a high quality 
of social, environmental, and economic well being, for the present and 
the future (MOE, Technical Paper #11, June 2005, page 2).   

The development and implementation of water conservation plans and 
strategies for consumptive use falls under the purview of the Regional 
Municipality of Durham.  The Water Budget work described above 
provides the science behind how the water systems work so that water 
supply, flow and capacity issues are addressed.  This information is also 
vitally important for understanding capacity within the system for 

municipal water usage and supply as the Region operates and 
maintains the municipal water system and approves new private wells.   
As a companion to the Water Budget, the water conservation program 
from the Region is aimed at residents and businesses providing 
education, water conservation techniques and water conserving 
programs (like the low flush toilet program).  The Region also promotes 
conscientious water use (turn off the tap when brushing teeth), tips for 
reducing lawn and garden watering, will advise when water levels are 
low (summer) and implement rotating schedule for lawn and garden 
watering, even banning it on occasion.   

The watershed plan will offer recommendations for water conservation 
measures to meet ecosystem needs, including groundwater recharge, 
baseflow and wetland preservation.   The combined work of the Water 
Budget and the Region’s Water Conservation principles satisfies the 
requirements of the ORMCP. 

SOURCE WATER PROTECTION  

The core legislation for protecting source water is found in The Clean 
Water Act (CWA).  The intent of this legislation is to protect existing 
and future sources of drinking water.  One of the most important parts 
of the CWA is that it requires source protection committees to develop 
science-based assessment reports and Source Protection Plans (SPPs) 
at the local level. CLOCA is part of the CTC (Central Lake Ontario 
Conservation Authority, Toronto and Region Conservation Authority, 
Credit Valley Conservation Authority) Region assigned by the Province 
as part of the provincial Source Water Protection Plan Program.  

A SPP is being developed for the CTC following approval of the 
assessment report outlining the existing state of our drinking water 
resources and the identification of threats to its health. The SPP will 
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identify a suite of policies which will protect municipal drinking water 
sources from existing and future threats. Under the Clean Water Act, 
local municipalities must ensure their Official Plans conform to the 
policies of the SPP.   

Figure 2 illustrates the applicable legislative and land-use planning 
tools available to protect drinking water in the CLOCA jurisdiction and 
each tool will be considered and applied in the SPP and reflected in the 
Watershed Plan where applicable. 
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Figure 2: Source Water Protection Tools 
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APPENDIX E:  METHODOLOGY FOR IMPERVIOUSNESS ANALYSIS MODELING  

Introduction: 

The Region of Durham will continue to experience a rapidly changing 
landscape through significant increases in population and 
employment, construction of major infrastructure such as the 407 
East Extension, and a recent Regional Official Plan Amendment (ROPA 
#128) to accommodate designated growth centres of Pickering, 
Whitby, Ajax, and Oshawa, as per the Growth Plan.  With this 
changing landscape, there will also be a significant increase in 
imperviousness which, if not wisely managed, can impact the 
watershed through increased runoff, channel erosion, downstream 
flooding, stream quality impairment, loss of infiltration and 
groundwater recharge, and loss of fish and wildlife habitat.   

There are a number of studies which indicate that a healthy 
watershed should not exceed a maximum limit of 10% 
imperviousness, in order to preserve the health of aquatic 
ecosystems, water quality and quantity (EC, 2004; MOE, 2007).  In 
addition, the Oak Ridges Moraine Conservation Plan (ORMCP) has 
provisions for limiting the watershed’s imperviousness on the 
Moraine to 10%.  The ORMCP also states (Section 27. (3) that: 

 ‘….the approval authority shall consider the importance of,  

Ensuring that natural vegetation is maintained, and where possible 
improved or restored; and 

Keeping to a minimum impervious surfaces and their impact on water 
quality and quantity’ 

In 2009, Central Lake Ontario Conservation (CLOCA) developed a 
Geographic Information Systems (GIS) based model to determine the 
amount of imperviousness based on current and future land cover 
scenarios of the four major watershed systems that originate from 
the Oak Ridges Moraine.  These watersheds include: Lynde Creek, 
Oshawa Creek, Black/Harmony/Farewell Creeks, and 
Bowmanville/Soper Creek.   

Future land cover scenarios have been developed to incorporate 
build-out scenarios using municipal Official Plan and Secondary Plan 
land use designations, ROPA #128 land use designations, potential 
whitebelt development, and the approved 407 East Extension route.  
In addition to the land cover scenarios, watershed management 
alternatives have also been considered to model the watershed’s 
response to the protection of an Ultimate Natural Heritage System 
(CLOCA, 2010) and protection of the function of High Volume 
Recharge Areas (Earthfx, 2008).   

The results of the model will help to determine each scenario’s 
capability of meeting the Oak Ridges Moraine Conservation Plan 
(ORMCP) and watershed imperviousness targets, and will provide the 
impervious land cover base for the water budget scenario modeling 
required under ORMCP Technical Paper #10 Water Budgets (MOE, 
2007).  Additional statistical queries have been conducted to assess 
how each scenario compares to the Environment Canada guidelines 
for natural heritage watershed targets (EC, 2004). 

Purpose: 
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To determine the current and future amount of imperviousness in the 
ORMCP areas, and assess whether the maximum limit of 10% 
impervious cover is exceeded.   

To provide the land cover classes and impervious values on a 
watershed and subwatershed basis, for model input information for 
water budget modeling (Earthfx, 2010).  

To provide the land cover classes on a watershed and subwatershed 
basis for each scenario, in order to assess the amount of natural 
cover achieved for each scenario and how this amount compares to 
the natural heritage watershed targets.  

Methodology: 

The following 8 land cover scenarios were developed, as shown in 
Table .  The steps required to develop these scenarios are outlined 
below. 

 

 

 

 

 

 

 

Table 1: Current and Future Land Cover Scenarios for 
Impervious Analysis 

Scenario  Name Description  Rationale 
1 Existing Conditions 

(2008) 
Watershed 
condition that 
existed in 2008 

Baseline for 
comparison 

2a Full OP Build-out  Future conditions 
of full 
development of 
approved 
municipal OPs 
and ROPA #128 

Evaluate impact 
of full OP build-
out 

2b Full OP Build-out + 
UNHS 

Scenario 2a + 
protection of 
UNHS 

Evaluate impact 
of UNHS 

2c Full OP Build-out + 
UNHS + HVRA 

Scenario 2b + 
protection of 
HVRA function 

Evaluate impact 
of UNHS + HVRA 

3a Full OP and Whitebelt 
Build-out  

Scenario 2a + full 
whitebelt 
development 

Evaluate impact 
of full OP build-
out and 
whitebelt build-
out 

3b Full OP and Whitebelt 
Build-out + UNHS  

Scenario 3a + 
protection of 
UNHS 

Evaluate impact 
of UNHS 

3c Full OP and Whitebelt 
Build-out + UNHS + 
HVRA 

Scenario 3b + 
protection of 
HVRA function 

Evaluate impact 
of UNHS + HVRA  

3d Full OP and Whitebelt 
Build-out – under 
Climate Change 

Scenario 3a under 
Climate Change 
conditions 

Evaluate impact 
of climate 
change 
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Development of Existing Conditions Land cover Scenario: 

Step 1: GIS-based method to calculate existing impervious area 

Calculating the level of existing imperviousness within each Oak 
Ridges Moraine (ORM) watershed was carried out using three main 
steps: 

 reclassification of the Ecological Land Classifications (ELC) 
categories 

 a literature review of land use designation and the associated 
impervious values; and 

 a spatial analysis of imperviousness within the ORM 
watersheds. 

The Oak Ridges Moraine Conservation Plan (ORMCP) technical 
guidance document #13 (MOE, 2007) recommends three GIS-based 
methods for calculating the impervious areas within a watershed 
including random sampling, digitizing and land classification.  The 
method that CLOCA chose to use was a variation of digitizing because 
it was felt that this method was reliable and required data that was 
already complete and available.  The methodology used to determine 
the impervious areas is described below.   

Impervious surfaces are directly related to land use and thus to 
obtain values describing this characteristic, the land cover for the 
area must be known.   CLOCA has developed an extensive inventory 
of the Ecological Land Classification (ELC) and land cover for the 
watershed.  This ELC/land cover data was derived from 2008 colour 
orthophotos and the ELC categories used were derived from the 
Ecological Land Classification for Southern Ontario (Lee et al. 1998). It 

is this data set that was used to determine the impervious area for 
the study area.    

A literature review of land use designations and typical impervious 
values was conducted.  Sources such as the Ministry of 
Transportation Drainage Manual (MTO, 1982) and Visual Otthymo 
Manual (Greenland, 2002) provide a range of average parameters 
that are typically used in hydrology applications, but in order to apply 
the typical values a reclassification of the ELC/land cover values was 
necessary.  The values from the ELC and land cover dataset were 
assigned a more general classification, referred to as the Hydrology 
land cover (HydroLU).  The ELC/land cover categories that were 
assigned to the Hydrology land cover categories are shown in Table 2.  
Table 3 details the compiled values for imperviousness for each land 
cover classification and associated Hydrology Land cover (HydroLU) 
coding used by CLOCA.  

Table 2: Imperviousness and ELC/land cover classifications. 

Hydrology Land 
Cover  

GIS Classification 
CLOCA Land Cover ELC 

Crop & Improved 
Agricultural Facility     
Crop Field      
Nursery      

Pasture & 
Unimproved 

Pasture   Cultural Meadow  
Transportation 
Greenspace Cultural Savannah  

Treed Field (Orchard)  Cultural Thicket  
Urban Residential Urban Residential     
Rural Residential Rural Residential     

Industrial & 
Commercial 

Commercial     
Industrial      
Institutional Building     
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Hydrology Land 
Cover  

GIS Classification 
CLOCA Land Cover ELC 

Lakes and 
Wetlands 

Stormwater Pond  Open Fen   
Water Feature  Meadow Marsh  
   Shallow Marsh  
   Open Aquatic  

   Submerged shallow 
aquatic 

   Floating-leaved shallow 
aquatic 

   Deciduous Swamp  
   Coniferous Swamp  
   Mixed Swamp  
   Thicket Swamp  

Woodlot & Forest 

   Cultural Plantation  
   Cultural Woodland  
   Coniferous Forest  
   Deciduous Forest  
   Mixed Forest  

Manicured Green 
space 

Athletic field     
Golf facility     
Institutional green space    
Park      
Ski hill      

Landfill and 
Aggregate 

Aggregate      
Landfill      

Transportation & 
Utility 

Transportation Corridor    
Utility Corridor     
Utility Transfer Station    

 

 

 

Table 3: Hydrology landcover, HydroLU codes and 
impervious values 

Hydrology Land Cover  
HydroLU 
Codes 

Impervious 
Value 

Crop/Improved CI 0 
Pasture/Unimproved PU 0 
Urban Residential UR 0.45 
Rural Residential RR 0.2 
Industrial/Commercial IC 0.85 
Lake/Wetland LW 0 
Woodlot/Forest WF 0 

Manicured Greenspace MG 0 
Landfill/Aggregate LA 0.5 
Transportation/Utility TU 0.5 

 
Development of Future Land cover Scenarios 

Step 2: - Dataset Acquisition and Consolidation 

In order to begin building each of the future land cover scenarios, the 
datasets required for the modeling analysis were identified and 
obtained, as shown in Table 4. 

This data represents the most accurate information available at the 
time of the analysis.  Due to the number of different data sources, a 
GIS based exercise was performed to ensure that all planning 
boundaries were matched at the edges.  
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Table 4: Datasets for Impervious Modeling Analysis 

 

 
 
Step 3:  Standardization of land use designations within Municipal 
and Regional Official Plans (OP) 

Within the urban boundary, each Municipal and Regional Official Plan 
land use designation was re-assigned into a HydroLU category, in 
order to provide a consistent, comparable land cover base and 
associated impervious values throughout all local jurisdictions (Table 
5, Table 6, and Table 7) 

Where there was more accurate data available, those data sources 
were used to supplement the Official Plan (OP) data to depict future 
build-out scenarios.  For example, the approved 407 East Extension 
Technical route was used in place of the OP transportation 
designation for the 407 Extension .  As well, the HydroLU land cover 
classification was used to depict existing development outside the 
urban boundary in place of the general agriculture land use 
designations. 

The OP land use designations that would function to preserve the 
existing land uses were coded using the existing conditions HydroLU 
codes.  These included the following designations: Open Space and 
Recreation, Environmental Protection, Greenspace, Community Park, 
and Waterfront Greenway.   

Municipal official plan data for the Town of Whitby was not available 
in a useable format, at the time of this analysis.  As the majority of 
Whitby is already developed, the existing conditions Hydro LU codes 
were used to supplement as a base layer and gaps were filled in by 
applying land use designations from the West Whitby Secondary Plan 
and Regional Official Plan Amendment #128 (ROPA #128).  

   
 

 

 

 

 

Source Data 
Ministry of Affairs and 
Housing 

Oak Ridges Moraine Boundary 
Greenbelt Boundary 

Ministry of Natural 
Resources 

Provincially Significant Wetlands  

Areas of Natural and Scientific Interest 

Regional Municipality of 
Durham 

Regional Official Plan Amendment #128 

Local Municipalities Local Official Plans and Secondary Plans 
Ministry of Transportation Highway 407 ‘Technically Approved Route’ 
CLOCA Watershed/Subwatershed Boundaries  

Ecological Land Classification 
Land Cover Classification  

Ultimate Natural Heritage System (CLOCA, 
2010) 
High Volume Recharge Area (Earthfx, 
2008) 
Floodplain polygon 

Highway 407 buffered polygon 
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Table 5: Converted HydroLU codes for Clarington Official Plan 

 

 

 

 

 

 

Table 6: Converted HydroLU codes for Oshawa Official Plan 

 
Table 7: Converted HydroLU codes for ROPA #128 

 

Hydrology 
Land Cover  

HydroLU 
Codes 

Municipal OP 
Designation (Clarington) 

Impervious 
Value 

Urban 
Residential 

UR Urban Residential, Future 
Urban Residential, Special 
Study Area 5 & 6 

0.45 

Rural Residential RR Country Residential, Hamlet 
Residential  

0.2 

Industrial/ 
Commercial 

IC Business Park, Courtice 
West Shopping District, 
General Industrial, Highway 
Commercial, 
Light  Industrial, Prestige 
Employment, Town Centre,  
 

0.85 

Landfill/ 
Aggregate 

LA Aggregate Extraction 
 

0.5 

Transportation/U
tility 

TU Utility 0.5 

 Use existing 
conditions 
Hydrology 
land cover 
classification 

Environmental Protection, 
Greenspace, Community 
Park, Waterfront Greenway 

 

Hydrology 
Land Cover  

HydroLU 
Codes 

Municipal OP 
Designation (Oshawa) 

Impervious 
Value 

Urban 
Residential 

UR Residential 0.45 

Rural 
Residential 

RR Hamlet, Rural Residential 0.2 

Industrial/Co
mmercial 

IC Airport, Commercial, 
Deferred by Regional 
Council, Industrial, 
Institutional, Special Study 
Area, Special Waterfront 
Area, Community Use 

0.85 

Landfill/Aggre
gate 

LA Aggregate Extraction 0.5 

Transportatio
n/Utility 

TU Utilities 0.5 

 Use existing 
conditions 
Hydrology land 
cover 
classification 

Open Space and Recreation  

Hydrology 
Land Cover   

HydroLU Codes ROPA #128 
Designation 

Impervious 
Value 

Urban 
Residential 

UR Living Area 0.45 

Industrial 
/Commercial 

IC Employment 
Area 

0.85 

 Use existing conditions 
Hydrology land cover 
classification 

Major Open 
Space 

 



 
 

 
E – 7 

Step 4: Identify scenario data layers, order of supercedence and 
assumptions  

For each land cover scenario, the contributing data layers were 
identified and the supercedence of these layers was conceptualized 
as shown in Table 8  Future land cover scenarios are progressive and 
were built upon the preceding scenario.  Assumptions were made for 
the impervious treatment of policy areas, protected areas (mapped 
features protected by the Provincial Policy Statement and UNHS), 
HVRA, and whitebelt build-out scenarios, as shown in Table 9. 
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Table 8: Data layers for current and future land cover scenarios 

Scenario 
Type 

Scenario 1 
Existing 

Conditions (2008) 

Scenario 2a 
Future full OP Build-

out  
(including  ROPA 

#128) 
 

Scenario 2b 
Future full OP 

Build-out 
with 

Protected UNHS 

Scenario 2c 
Future full OP Build-

out 
with 

Protected UNHS 
and 

Protected HVRA 

Scenario 3a 
Future full OP 

Build-out 
with 

Whitebelt 
Build-out 

Scenario 3b 
Future full OP Build-out 

with 
Whitebelt 
Build-out 

and 
Protected UNHS 

Scenario 3c 
Future full OP Build-out 

with 
Whitebelt 
Build-out, 

Protected UNHS, 
and 

Protected HVRA 

Scenario 3d 
Future full OP Build-

out 
with 

Whitebelt 
Build-out 

and Climate Change 

Main data 
Layers 

(in order 
of super- 
cedence 
from top 
(highest) 

to bottom 
(lowest)) 

Existing Hydro LU 
codes  

(based on 2008 
ELC/land cover 
classification)  

Hwy 407 Hwy 407 Hwy 407 Hwy 407 Hwy 407 Hwy 407 Hwy 407 

 

Select Municipal 
OP land use 
designations 

outside urban 
boundary 

Select Municipal 
OP land use 
designations 

outside urban 
boundary  

Select Municipal  
OP land use 
designations 

outside urban 
boundary  

Select Municipal 
OP land use 
designations 

outside urban 
boundary  

Select Municipal 
OP land use 
designations 

outside urban 
boundary  

Select Municipal 
OP land use 
designations 

outside urban 
boundary  

Select Municipal 
OP land use 
designations 

outside urban 
boundary  

 Greenbelt  Greenbelt Greenbelt Greenbelt Greenbelt Greenbelt Greenbelt 
 ORM ORM ORM ORM ORM ORM ORM 

 
Provincially 
Protected 
Features 

Provincially 
Protected 
Features 

Provincially 
Protected 
Features 

Provincially 
Protected 
Features 

Provincially 
Protected 
Features 

Provincially 
Protected 
Features 

Provincially 
Protected 
Features 

 
ROPA #128 

land use 
designations 

UNHS UNHS 
ROPA #128 

land use 
designations 

UNHS UNHS 

ROPA #128 
land use 

designations 
 

 

Municipal OP 
land use 

designations 
within the current 
urban boundary 

ROPA #128 
land use 

designations 
HVRAs 

Municipal OP 
land use 

 designations 
within the current 
urban boundary  

ROPA #128 
land use 

designations 
HVRAs 

Municipal OP 
land use 

designations 
within the current 
urban boundary  

  

Municipal OP 
Land Use 

designations 
within the current 
urban boundary  

ROPA #128 
land use 

designations 

1 Km 407 
buffer within 

whitebelt lands 
beyond future 

urban boundary 
(Ind/Comm use) 

Municipal OP 
Land Use 

designations 
within the current 
urban boundary  

ROPA #128 
land use 

designations 

1 Km 407 
buffer within 

whitebelt lands 
beyond future 

urban boundary 
(Industrial/Commercial) 
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Scenario 
Type 

Scenario 1 
Existing 

Conditions (2008) 

Scenario 2a 
Future full OP Build-

out  
(including  ROPA 

#128) 
 

Scenario 2b 
Future full OP 

Build-out 
with 

Protected UNHS 

Scenario 2c 
Future full OP Build-

out 
with 

Protected UNHS 
and 

Protected HVRA 

Scenario 3a 
Future full OP 

Build-out 
with 

Whitebelt 
Build-out 

Scenario 3b 
Future full OP Build-out 

with 
Whitebelt 
Build-out 

and 
Protected UNHS 

Scenario 3c 
Future full OP Build-out 

with 
Whitebelt 
Build-out, 

Protected UNHS, 
and 

Protected HVRA 

Scenario 3d 
Future full OP Build-

out 
with 

Whitebelt 
Build-out 

and Climate Change 

   

Municipal OP 
Land Use 

designations 
within the current 
urban boundary  

Whitebelt lands 
beyond 1 km 

407 buffer  
(Urban 

Residential) 

1 Km 407 
buffer within 

whitebelt lands 
beyond 

future urban 
boundary  

(Industrial/Commercial) 

Municipal OP 
Land Use 

designations 
within the 

current 
urban boundary 

Whitebelt lands 
beyond 1 km 

407 buffer  
(Urban 

Residential) 

     

Whitebelt lands 
beyond 1 km 

407 buffer  
(Urban 

Residential) 

1 Km 407 
buffer within 

whitebelt lands 
beyond future 

urban boundary 
(Industrial/Commercial) 

 

                          
Whitebelt lands beyond 

1km 407 buffer 
(UrbanResidential) 

 

 

Table 9: Data Layer Assumptions 

Basic Assumption for Scenario Analyses 

 The 407 layer supersedes all (a transportation/utility impervious 
code of 0.5 is applied).  407 layer is based on the preferred technical 
route as per the approved Environmental Assessment. 

 Existing land use conditions correspond to 2008 or later Hydrology-
Land Use (HydroLU) codes (as determined by orthrophoto land 
cover analysis) 

 Select Municipal OP designations outside the urban boundary 
(including Hamlet residential, rural residential, country residential, 
aggregate, industrial) are assumed to be approved development 

areas to be fully built out (see converted HydroLU codes).  Only 
applied in Black/Harmony/Farewell, Bowmanville/Soper, and 
Oshawa where OP data was available in digital format.  

 Municipal OP land use designations were used in the following 
watersheds: Black/Harmony/Farewell Creek, Bowmanville/Soper, 
and Oshawa Creek.  Municipal OP data for the Lynde Creek 
watershed was not available in a useable format at the time of this 
analysis.  As the majority of the Lynde Creek watershed is already 
developed, the existing conditions Hydro LU codes were used to 
supplement as a base layer and gaps were filled in by applying land 



 
 

 
E – 10 

 
 

use designations from the West Whitby Secondary Plan and ROPA 
#128 land-use. 

 No new development will occur in the UNHS polygons. (2008 
HydroLU codes and corresponding impervious code is applied, 
except where superseding layer applies)  

 Water balance will be maintained to pre-development levels in 
HVRAs (2008 HydroLU codes and corresponding impervious code is 
applied, except where superseding layer applies).  HVRAs are based 
on 1.15 times above average watershed based threshold recharge 
rates. 

 No new development will occur in the Greenbelt areas (2008 
HydroLU codes and corresponding impervious code is applied, 
except where superseding layer applies) 

 No new development will occur in the ORM areas (2008 HydroLU 
codes and corresponding impervious code is applied, except where 
superseding layer applies).  ORM layer is based on the ORM 
Conservation Plan planning boundary.  

 No new development will occur in provincially protected features 
which include Regulation floodplain, PSW, ANSIs, and watercourses 
(2008 HydroLU code applies, except where superseding layer 
applies) 

 New urban boundaries, land uses for new additional lands & land 
use conversions in ROPA #128 supersede municipal OP land use 
map (employment lands will have industrial/commercial (IC) 
impervious code of 0.85, living areas will have urban residential (UR) 
impervious code of 0.45).  Only these amended portions of the plan 
have been applied.  

 Within remaining whitebelt lands (i.e. not designated under ROPA 
#128, Greenbelt Plan, ORMCP), a 1 km buffer surrounding Hwy 407 

will be treated as industrial land cover (impervious code of 0.85 is 
applied), and the whitebelt lands beyond the 407 buffer will be 
treated as urban residential land cover (impervious code =0.45 
applied). 

o ROPA #128 – Regional Official Plan Amendment #128 
o Hydro LU  - Hydrology-Land cover codes    
o ORM - Oak Ridges Moraine Planning Area 

 
Step 5: Build impervious analysis model using ArcGIS ModelBuilder 

Using the data compiled and identified in Steps 1-4, the imperviousness 
analysis was broken down into 3 steps using an ArcGIS tool called 
ModelBuilder.  Detailed GIS script and commands were used to build the 
model.  An example of impervious calculation is attached as Appendix A.     

Step 5a:  Data acquisition from multiple locations within CLOCA’s GIS 
servers, and placed into a geodatabase.  Data was clipped to the CLOCA 
jurisdictional boundary during the importation process.  Attributes, that can 
describe conditions or give meaning to specific records, are added to the 
policy areas that are used later on in the analysis.  For future land cover 
scenarios, several additional processes are run in this step, including the 
merging and attributing of the Official Plan data, as well as the creation of 
the ‘Protected Areas’ which included mapped features protected under the 
Provincial Policy Statement and UNHS, and the addition of the high volume 
recharge area (HVRA) layer. 

Step 5b: Create the whitebelt area shapefile   

This area is attributed in the same way the other policy areas were in the 
previous step.  For future land cover scenarios, the Ecological Land 
Classification (ELC)/Land cover layer is also modified with the Official Plan 
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data and 407 buffer in this step according to a list of superseding 
assumptions (Table 8and Table 9). 

Step 5c:  Combine all policy areas, watershed boundaries and ELC data layer 
to run analysis. 

If/Else and Case statements were used to read through the table and apply 
additional attributes needed to create the statistical report.  For example in 
a Visual Basic for Applications (VBA) Case statement, the code reads 
through a field called Hydro LU and assigns an impervious factor, which is 
essentially a percentage of area in a particular land classification that is 
impervious.  For future land cover scenarios, the data has been attributed as 
in Scenario 1, the same If/Else and Case scripts were used to produce the 
final statistical report. 
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Appendix A 

Example of impervious calculations generated from ModelBuilder analysis. 

Pivot tables were used to calculate the model data into an impervious percentage.  These tables are created for each scenario to show statistics for total area of 
each Hydro_LU, broken down by Policy and by subwatershed, impervious area found within each Policy, broken down by subwatershed, and impervious percent 
found within each Policy, broken down by subwatershed. 

In this sample table, the watershed is broken down into subwatershed, policy area, & HydroLU code (aggregated ELC codes) with the total area in each category 
being shown. 

Each HydroLU code has an impervious value (as shown on the maps. i.e. 0 for CI, 0.85 for IC etc.) 

A similar table was generated, containing impervious area.   Each value in the table represents the original value multiplied by the corresponding impervious 
value (i.e. 100 ha of CI * 0.0 becomes 0 ha of impervious land).   

The information from these two tables is used to calculate the imperviousness. 

Impervious % = ((value in impervious table) / (corresponding value in the original table)) x 100% 

For example, Current Impervious %: 

 
 
 
 
Original table (hectares) 
  Greenb

elt 
 Green

belt 
Total 

White 
Belt 

 White 
Belt 
Total 

Grand 
Total 

  CI IC  CI IC   
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Ashburn Ashbur
n Total 

300 400 700 3000 3000 6000 6700 

         

 
Impervious Table (hectares) 
  Greenb

elt 
 Green

belt 
Total 

White 
Belt 

 White 
Belt 
Total 

Grand 
Total 

  CI (0.0) IC 
(0.85) 

 CI 
(0.0) 

IC 
(0.85) 

  

Ashburn Ashburn 
Total 

0 340 340 0 3400 3400 3740 

         

 
Output Imperviousness % Table 
  Greenbelt White Belt Total 

Ashburn Ashburn Total 48.6%  55.8% 

For the entire Ashburn sub-watershed, impervious % = (3740 ha / 6700 ha) * 100% = 55.8% 

For the total Ashburn Greenbelt, impervious % = (340 ha / 700 ha) * 100% = 48.6% 
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APPENDIX F: CLOCA PROGRAMS AND SERVICES

WATERSHED PLANNING 

 Preparation of Watershed Plans creating the framework for the 
protection, restoration and enhancement of healthy ecosystems. 

 Analysis of data collected through the ongoing monitoring of 
aquatic, terrestrial, wildlife and water resources. 

 Assessment and prediction of impacts of future land use changes in 
the watershed, cumulatively and on individual natural resources. 

 Guidance for future watershed activities ensuring natural resources 
are protected, sustained and/or enhanced. 

 Establishment of existing natural heritage conditions from which to 
measure change and identify ecological trends. 

 Provides input and recommendations to municipal partners and 
stakeholders regarding the quality, quantity, protection, 
maintenance and restoration of terrestrial and aquatic resources in 
support of defensible environmental policies and sustainable 
growth objectives. 

RESOURCE INVENTORY/ENVIRONMENTAL MONITORING 

 Conducts annual integrated monitoring programs of aquatic, 
terrestrial, wildlife, coastal wetland and water resources using 
standard protocols. 

 Prepares annual reports for each of the above monitoring programs. 
 Uses the results of the monitoring program, analyzes and evaluates 

ecological trends and resource changes, identifying impacts and 
opportunities for improvements to our natural resources and their 
functions. 

 Makes sound, science-based management decisions regarding 
natural resources. 

 Gains an understanding of current conditions, identifies ecological 
trends and provides a good basis from which to measure the 
effectiveness of implemented resource management plans, 
watershed plan recommendations and stewardship activities. 

 Provides scientifically based information and analysis from which 
informed land use decisions can be made, contributing to the 
Authority’s Municipal Plan Input and Review responsibilities and the 
Department of Fisheries and Oceans federal requirements for the 
protection and maintenance of aquatic habitat. 

 Provides information required for watershed health reporting at a 
provincial level. 

 Identifies stewardship opportunities and provides 
recommendations for on the ground projects and their 
implementation. 

 Contributes defensible information to various Municipal Programs, 
including emergency management and risk analysis, drinking and 
recreational (fishing, swimming) water quality, education and 
tourism (sport fishing, boating, trails) in support of sustainable living 
and growth objectives across the Region. 
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RESOURCE MANAGEMENT, PROTECTION AND CONSERVATION 

 Ensures long term protection of our natural resources including 
woodlands, wetlands, valleylands, surface and ground water quality 
and quantity, and aquatic and wildlife habitat. 

 Protects significant natural areas from the impacts of land use 
changes within the watershed. 

 Promotes the creation of a connected, diverse, sustainable natural 
heritage system.

 Provides advice to our partners and carries out and/or supports 
habitat restoration/ enhancement/ management projects within 
our watershed including tree planting, wetland and stream 
restoration and improve land management practices. 

 Protects, sustains and improves our natural resource capital, 
ensuring a healthy and functioning watershed for the enjoyment of 
future generations. 

 Minimizes the impact of existing and changing land uses on natural 
resources, ensuring biodiversity and achievement of standard 
watershed function targets. For example, adequate riparian buffers 
reduce bank erosion, filter surface water and nutrients before 
entering the stream, provide habitat, cover and movement 
corridors for wildlife, and regulate stream temperature for cold and 
warm water fisheries. 

 Advance the science and understanding of the importance of our 
natural resources to further the management, protection and 
conservation of our watershed resources.   

MUNICIPAL PLAN INPUT AND REVIEW 

 Provides land use planning input and review. 

 Assists our partner municipalities by providing comments on 
municipal capital works, policy documents and planning applications 
related to the protection, conservation and enhancement of natural 
heritage/hydrologic features and systems, and floodplain and 
stormwater management. 

 Reduces the risk to life and property from natural hazards such as 
flooding and unstable slopes. 

 Conducts fish habitat review on behalf of DFO 
 Promotes wise use of land and water resources for future 

generations. 
 Screen for habitat of endangered, threatened, and species at risk. 
 Ensures land use policy documents such as Official Plans and 

Secondary Plans contain effective policies for the protection of 
natural features and their functions. 

 Ensures that development applications will not have a negative 
impact on natural features or their functions. 

ONTARIO REGULATION 42/06 

 Implements, enforces and administers O.Reg. 42/06, Regulation of 
Development, Interference with Wetlands and Alteration to 
Shorelines and Watercourses which protects the public and 
property from flood and erosion hazards. 

 Prohibits, restricts, regulates or gives permission for certain 
activities in and adjacent to watercourses, valleylands, wetlands, 
shorelines and other hazardous lands. 

 Ensures that development will not have an adverse effect on the 
control of flooding, erosion, dynamic beaches or the pollution or 
conservation of land. 
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FLOOD FORECASTING, WARNING AND WATER MONITORING 

 Provides a flood forecasting and warning program, including 
emergency procedures. 

 Reduces the potential for injury, loss of life and property damage 
resulting from flooding. 

 Provides continuous water level monitoring of watercourses, rain 
gauging, computerized flood forecasting, monitoring of snow 
conditions and potential runoff problems within the watershed. 

 Provides key information to support low flow, water budget and 
climate change analysis for various internal and external programs. 

FLOODPLAIN MAPPING 

 Develops hydrologic and hydraulic models and prepares floodplain 
mapping on a watershed basis. 

 Discerns the location and extent of risk associated with flooding. 
 Provides valuable information for plan review, regulation and flood 

warning.

GROUNDWATER RESOURCES 

 Prepares watershed characterization (including groundwater/ 
surface water analysis) and conduct water budget studies in support 
of Central Lake Ontario Conservation Programs. 

 Prepares Source Water Protection Assessment Reports for Central 
Lake Ontario Conservation, per legislated requirements as part of 
the Credit Valley, Toronto Region & Central Lake Ont. (CTC) Source 
Protection Region 

 Manages hydrologic and source water related databases. 

 Provides understanding and management of groundwater resources 
for enhanced environmental discussions on Conservation Authority 
programs and contributes to regional and provincial groundwater 
research and programs.  

 Review and comment on applications for consumptive water usage 
(PTTW). 

PRIVATE & PUBLIC LAND STEWARDSHIP 

 Undertakes programs to promote natural heritage and water 
resource stewardship throughout the watershed.

 Provides technical advisory services and financial grants to assist 
landowners and community groups undertaking habitat restoration 
or enhancement projects, including proper maintenance of private 
wells. 

 Identifies potential stewardship projects and sites. 
 Encourages landowners to maintain, restore and protect existing 

natural features and consider the ecological health of natural 
systems in their land use activities. 

CONSERVATION AREAS PLANNING & MANAGEMENT 

 Provides management and planning to the many different 
landscapes and natural resources found within our Conservation 
Areas. This ensures their significance is not diminished, while still 
providing opportunities for public use where appropriate. 

 Manages Areas based upon the sensitivity of the ecosystem, with 
some Areas being actively managed and some Areas not. 

 Maintained  trails and facilities are available in some Conservation 
Areas for public use and enjoyment 
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Over 6,000 students participate annually in CLOCA’s “In 
Our Watershed” Education Programs 

6,000 students participate annually in CLOC
Our Watershed” Education Programs

 Management of capital investment and long term planning to 
ensure continued response to user needs. 
Provide vital long term monitoring and information gathering areas 
needed to assess change and trends for Watershed monitoring 
programs. 

 Provides long term protection of the watershed’s significant natural 
areas. 

 Provides opportunities for the public to enjoy recreational and 
environmental experiences. 

CORPORATE SERVICES 

 Undertakes all aspects of coordinating corporate financial duties, 
budget, audits, managing human resources, development of 
effective policies and administration frameworks to support CA 
projects and programs. 

 Provides a suite of information management, GIS mapping and 
database management services in support of internal and external 
projects and programs which involve CA staff. 

ENVIRONMENTAL EDUCATION 

 Provides curriculum based education and information about 
watershed conservation and the environment. 

 Provides hands-on experiential learning opportunities. 
 Creates awareness of the value of environmental protection and 

stewardship of our watershed. 
 Establishes an environmental ethic in future generations. 

PUBLIC INFORMATION 

 Provides information on programs and services. 
 Hosts public outreach events providing variety of experiences 

celebrating our natural resources.  
 Provides tours, brochures, fact sheets and publications. 
 Creates awareness of watershed resources. 
 Ensures Conservation Authority programs and services are 

understood. 

VOLUNTEER SERVICES 

 Provides a variety of volunteer opportunities. 
 Establishes a stewardship ethic within our community 
 Provides in kind resources to assist with the delivery of programs 

and projects.  

 




