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Figure 4.12: Percentage of gravel substrate (>2 – 100 mm) measured at each 
sampling station 

4.0.3 Surface Water Temperature 
Surface water temperature is spatially and temporally variable and is influenced 
by air temperature, precipitation, stream flow, geology, topography, land use, 
watershed vegetation, channel and floodplain morphology, and riparian 
vegetation (Poole and Berman 2001). Out of all these controlling factors a strong 
linear relationship often exists between air temperature and river water 
temperature (Wetzel 2001), with a time lag by the water temperature to reflect air 
temperature (Stoneman and Jones 1996). As a result, air temperature is 
commonly used to help characterize stream temperature.  
 
In addition to air temperature, groundwater inputs into surface water are also a 
dominant controlling factor of stream temperature (Power et al. 1999). Areas of 
groundwater discharge to a stream cause stream temperatures to be cooler than 
areas that do not experience discharge. Groundwater discharge areas provide 
places of refuge from warm temperatures, and coldwater fish tend to take 
advantage of these locations (Power et al. 1999). Water temperature and the 
presence or absence of groundwater discharge into a stream are an important 
factors in determining the presence or absence of fish species in a particular 
area of the stream (Power et al. 1999). For example, Brook Trout are generally 
found in the coldest reaches of a stream and utilize groundwater inputs for 
spawning.  
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As described above, stream temperature dictates the types of biota that are 
found in a particular reach or area of the stream. Coldwater fish species require a 
stream temperature below 19oC, cool water fish species between 19oC and 25oC, 
and warm water species above 25oC. However, different life stages often require 
different temperatures. Although fish species can tolerate stream temperatures 
outside of their required range, the longer the stream temperature remains in an 
extreme stage, the more stress is applied to the individual fish or a particular fish 
species (Cushing and Allan 2001). 
 
Stream water temperatures were analyzed and reported in Desjardins et al. 
(2007). Summer water temperatures along the main branch of the river showed 
decreasing thermal regime from warmer in the lower reaches to colder in the 
headwaters (Figure 4.13). Based on the summer daily maximum thermal 
classification (Stoneman and Jones 1996), the majority of sites were classified as 
coldwater or coolwater habitat. There were only four warm water sites sampled. 
The Welcome (Henwood Stream) Branch, which is a municipal drain, is the only 
warm water catchment in the entire watershed.  
 
Another explanation for sites experiencing differing water temperatures is the 
effect of shading from the riparian area. Solar radiation accessing a stream is a 
major variable associated with summertime stream heating (Teti 1998). Where 
solar radiation has access to surface water, stream temperatures will rise 
accordingly. If groundwater discharge is not present in those same reaches that 
experience solar radiation, stream water will rise as a result of heat input and no 
cooler water inputs from groundwater contributions. This is why riparian 
vegetation is an important component to reducing the variability in stream 
temperature changes.  
 
Channel structure and riparian areas can play a role in providing shade to 
stream. Narrow channels can be shaded more easily by stream banks (Moore et 
al. 2005) and tree shading can help minimize temperature variability in streams. 
Conversely, wide channels tend to be less shaded because they have a canopy 
gap over the stream (Moore et al. 2005). Stream channel morphology also 
contributes to the temperature regime of a stream. The channel morphology may 
promote hyporheic (surface and groundwater interface) water flow. As warm 
water moves through the hyporheic zone, it dissipates heat, mixes with colder 
groundwater, and may return to the stream cooler than receiving stream water. 
Stream bank armouring discourages this mixing, and in combination with other 
urban impacts in the lower reaches of the Ganaraska River may explain why the 
sample sites are classified as warm water. 
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Figure 4.13: Summer stream thermal classification 
 

4.0.4 Benthic Macroinvertebrates 
Benthic macroinvertebrates represent aquatic organisms that are visible to the 
naked eye and live on the bottom of a water body or within the subsurface 
(hyporheic zone) of a stream. The families of benthic macroinvertebrates include 
alderflies and fishflies, beetles, bugs, caddisflies, dragonflies and damselflies, 
mayflies, moths, true flies, stoneflies, crustaceans, molluscs, segmented worms, 
horsehair works, flatworks and mites (Jones et al 2005). All of these organisms 
require water for their entire life stage, or for a portion of it (e.g., reproduction, 
and early life stages). 
 
Benthic invertebrates carryout necessary functions in a river or stream. Grouped 
into functional feeding groups, benthos can be shredders, grazers, collectors or 
predators (Cushing and Allan 2001). As such, each functional feeding group has 
specialized morphologic adaptations needed to carry out necessary functions. As 
a result, each functional feeding group plays a role in breaking down and 
assimilating organic matter in a stream, and this is required in a healthy stream.  
 
The role of benthos in a stream is recognized in the River Continuum Concept. 
This concept views the entire river ecosystem as longitudinally changing physical 
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templates overlain by biologic adaptations along these gradients (Vannote et al. 
1980). Seasonal variations of organic matter supply along with structure and 
feeding types of the invertebrate community play a large role in all biological 
communities found within the stream (Wetzel 2001) and their ability to adapt to 
current conditions and future changes. Figure 4.14 depicts the generalized model 
of the River Continuum Concept. 
 

 
Figure 4.14: River continuum concept 
 

(Vannote et al. 1980) 
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Benthic macroinvertebrates are also indicators of stream health. Certain 
taxonomic groupings (families, genus and species) are tolerant of organic 
pollution, while others are very intolerant. One index used in assessing stream 
health is the Hilsenoff Biotic Index, which categorizes taxa based on their 
tolerance to organic pollution. Indices of stream health based on benthos are 
useful in assessing water quality, since benthos can represent changes over a 
long period of time, as their presence or absence is related to current and past 
land use as well as local adaptation. 
 
Benthic Macroinvertebrate Sampling Methods 
Benthic macroinvertebrates are sampled using a kick and sweep method as 
defined in the Ontario Stream Assessment Protocol (Stanfield 2005). Benthic 
macroinvertebrates were sampled at 68 sites from 1995 to 2005. Identification of 
27 taxa groups was performed on a mixture of classes, orders, sub-orders and 
families. Sampling occurred primarily during the summer months (July and 
August); pros and cons exist for this sampling time. A benefit of this sampling 
time is that invertebrates are most likely to show a response to habitat and 
stream impacts, since this is the most stressful season for biotic organisms given 
the high water temperature and low oxygen levels. However there is a low 
richness of species in relation to life history patterns (e.g., many aquatic insects 
have emerged to winged adults) (Jones et al. 2005).  
 
Benthos diversity information was calculated with the Simpson’s Diversity Index, 
where zero represents low diversity and one represents high diversity. Percent 
EPT (Ephemeroptera, Trichoptera and Plecoptera) was calculated as well as 
percent Chironomidae. These two metrics describe the proportion of intolerant 
and tolerant taxa respectively. Benthos was also used to rank water quality using 
the Hilsenhoff Biotic Index. 
 
Benthic Macroinvertebrates as Indicators 
Benthos diversity ranges from a low Simpson’s diversity of 0.13 to a high 
diversity of 0.61 in the Ganaraska River watershed (Figure 4.15). However, this 
reflects the diversity at coarser taxonomic levels, rather than species. In addition, 
the Ganaraska Region Conservation Authority does not sample during the spring 
and fall when benthic diversity is at its greatest in relation to the life stages of 
macroinvertebrates. By sampling in the summer, diversity may be low due to the 
absence of the macroinvertebrates that have left the aquatic environment for the 
terrestrial environment (Jones et al. 2005) or are within the aquatic environment 
as eggs. Percent EPT ranged from 4 to 85% and percent Chironomidae ranged 
from 0 to 51%.  
 
Benthic macroinvertebrates can describe water quality based on the Hilsenhoff 
index, which gauges the degree of water quality impairment as it relates to 
nutrients. Using this index, most of the sample sites rank as “fair” and “good” 
water quality (Table 4.1; Figure 4.16). It should be noted however, that habitat 
conditions unrelated to the amount of nutrients could affect the presence or 
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absence of certain benthic species. Low gradient, soft bottom stream segments 
will contain higher numbers of tolerant species. Their presence likely reflects the 
substrate as opposed to the quality of the water. Similarly, certain species may 
not be present during summertime sampling due to life stage cycles. The 
influence of past land use, particularly agriculture, on present day diversity of 
stream invertebrates may result in long-term modifications to and reductions in 
aquatic diversity, regardless of reforestation of riparian zones (Harding et al. 
1998). A lag of greater than 40 years may be needed before historic invertebrate 
diversity and composition are present. Also, benthic particulate organic matter, 
diatom density, percent of diatoms in Eunotia species, fish density in runs, and 
whole-stream gross primary productivity correlated with the amount of disturbed 
land in catchments in 1944 (Maloney et al. 2008). A more representative nutrient 
level analysis in watersheds should be presented through water chemistry 
analysis, described in Section 3.7 of this document.  
 

 
Figure 4.15: Benthic diversity 
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Table 4.1: Hilsenhoff index of benthic macroinvertebrates 
Hilsenhoff 

 Index 
Water  

Quality 
Degree of Organic  

Pollution 
Number of 

Sample Sites 
0.00-3.75 Excellent Organic pollution unlikely 4 
3.76-4.25 Very Good Possible slight organic pollution 8 
4.26-5.00 Good Some organic pollution 

probable 
32 

5.01-5.75 Fair Fairly substantial organic 
pollution likely 

14 

5.76-6.50 Fairly Poor Substantial organic pollution 
likely 

10 

6.51-7.25 Poor Very substantial organic 
pollution likely 

0 

7.26 - 10.00 Very Poor Severe organic pollution likely 0 
 
 

 
Figure 4.16: Hilsenhoff index 
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4.0.5 Riparian Areas 
Riparian areas occur as transitional areas between aquatic and terrestrial 
habitats. Although not always well defined, they generally can be described as 
long, linear strips of vegetation adjacent to streams, rivers, lakes, reservoirs and 
other inland aquatic systems that affect or are affected by the presence of water 
(Fischer and Fischenich 2000). Riparian buffer, riparian zone, buffer strip, and 
filter strip are terms often used and interchanged to define the extent and the 
functions of riparian areas. The role of riparian areas varies greatly and includes 
sediment retention, nutrient removal before entry into the waterbody, streambank 
stabilization, contribution to aquatic and riparian area biodiversity and habitats, 
and the regulation of stream temperature (Fischer and Fischenich 2000). 
 
From a stewardship and management perspective riparian areas are defined as 
the benefit provided in relation to the width and functional contribution of the 
riparian area (Figure 4.17). The following describes the role and composition of a 
50-metre riparian area along the Ganaraska River. A 50-metre buffer provides 
bank stability, sediment removal, soil-bound and soluble nutrient retention, 
protection and contribution to aquatic habitat, and provision of certain wildlife 
habitat. The role of riparian areas and their effectiveness on benefiting the 
adjacent waterbody depends on soil type, slope, watershed size, function and 
cover type (Fischer and Fischenich 2000). 
 

   
 
Figure 4.17: Riparian area functions 
 
Classifying riparian area cover types using Ecological Land Classification data 
from 2002 shows that natural cover (forest, meadows and wetlands) dominates 
the amount of land cover within 50 metres of the stream banks of the Ganaraska 
River (Figure 4.18). Agricultural land use occurs within 23% of the 50-metre 
riparian area and within 4% of developed land cover (Table 4.2). 

(Agriculture and Agri-Food Canada and Ontario Ministry of Agriculture and Food Unknown Date) 
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Table 4.2: Land cover within 50-metre buffers of Ganaraska River 
Land Cover Percentage within 50-metre buffer 

Forest 54 
Agriculture 23 
Meadows, savannah and thickets 9 
Developed 4 
Wetlands 10 

 
Riparian areas mitigate surface water quality by reducing surface runoff into the 
Ganaraska River, thereby reducing sedimentation and nutrient inputs. Where 
nutrients are a concern, riparian areas may not be adequate enough to hold back 
surface runoff, especially during heavy rainfall events (Carpenter et al. 1998). 
Retention of surface runoff is also dependent on the vegetative composition of 
the riparian area, and varies greatly between wetland, forested and grassed land 
cover (Mayer et al. 2006). Subsurface removal of nitrogen through plant uptake 
and conversion occurs in a riparian area, but efficiency is not related to buffer 
width, rather to microbial denitrification and plant types that are conducive to the 
uptake of nutrients (Mayer et al. 2006). As a result the composition and structure 
of a riparian area are necessary in maintaining or improving water quality.  
 
Riparian areas contribute to in-stream habitat through bank stabilization, cover 
creation from undercut banks, root wads and wood cover (Section 4.0.2). The 
location of wood cover seen through in-stream habitat sampling (Section 4.0.2) 
relates to the amount and location of forested riparian areas in the Ganaraska 
River watershed. In addition, the woody debris may not be allowed to enter the 
stream as a result of public and private land management in the urban areas of 
the Ganaraska River. 
 
Stream temperature is maintained at a cold to cool water regime as a result of 
riparian areas providing shade to the Ganaraska River. Along with groundwater 
inputs, riparian vegetation can regulate stream temperature (Moore et al. 2005). 
Stream temperatures presented in Section 4.0.3 can also be seen in relation to 
riparian area composition, with cold and cool water temperatures occurring in 
areas with forested riparian cover, and warm water temperatures occurring in 
urban areas where the channel is wider and where limited forests or shading are 
present.  
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Figure 4.18: Fifty-metre riparian area 
 

4.1 TERRESTRIAL NATURAL HERITAGE 
Terrestrial natural heritage includes natural areas such as forests, wetlands and 
meadows, as well as their associated species. These natural features are 
integral components of a watershed, and are entwined with human land uses. 
Natural heritage features contribute to healthy watersheds in part by providing 
habitat for diverse aquatic and terrestrial species and communities. These areas 
provide food, shelter and life stage requirements, including breeding areas and 
migratory corridors. Natural areas also provide erosion control, flood attenuation 
and clean water. Land cover composition in the Ganaraska River watershed is 
presented in Figure 4.19, and natural areas found in the Ganaraska River 
watershed are presented in Table 4.3. 
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Forest
41%

Agriculture
42%

Wetland
4%

Meadow/Grassland
5%

Developed
6%

Savanna and Thicket
2%

 
Figure 4.19: Land cover based on ecological land classification 
 
Table 4.3: Natural areas 

Natural Feature Area (km2) Percentage of 
Ganaraska River 

watershed 
Forest 115 41 
Meadow/Grassland 13 5 
Savanna and Thicket 7 2 
Wetland 10 4 
 

 

4.1.1 Terrestrial Natural Heritage Study Methods 
Terrestrial natural heritage can be assessed at three main scales: landscape, 
vegetation community or land use type, and species. The landscape level 
essentially follows principles of landscape ecology in which the entire landscape 
can be divided into three components: patches, corridors and the matrix (Forman 
1996). In the heavily settled landscape of southern Ontario, including the 
Ganaraska River watershed, the original dominant landscape cover was forest. 
These and other associated natural areas have since become fragmented and 
are represented by patches. In the surrounding landscape the matrix - the 
dominant land use - is agricultural and urban. Corridors in this landscape are 
made up of both natural and man-made features such as riparian areas or roads. 
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For the purpose of this background study, the landscape level is evaluated 
primarily for forest cover by looking at total cover, distribution and habitat patch 
characteristics. 
 
Vegetation communities are mapped and evaluated using the Ecological Land 
Classification System for Southern Ontario (Lee et al. 1998), commonly referred 
to as ELC. This system categorizes community types at several levels of detail. 
The Ganaraska Region Conservation Authority has remotely mapped vegetation 
communities at the Community Series level of the ELC using colour ortho-
corrected aerial photography. The more detailed ecosite and vegetation type 
levels of the ELC require field assessment, which is expensive and impractical 
over large areas where most land is in private ownership. The Natural Heritage 
Information Centre housed at the Ontario Ministry of Natural Resources has 
identified rare vegetation community types for Ontario at the vegetation type 
level. Without this level of mapping, this report combines the vegetation 
community reporting with the landscape level reporting, and an overall summary 
of conditions for major vegetation communities, specifically forest, grassland and 
wetland. Within these categories, rare communities, such as tallgrass prairie, are 
recognized. 
 
There are many ways of evaluating terrestrial species, but it is a challenge to do 
so in a way that is relevant to the watershed context since individuals of many 
species can freely move between watersheds. What is needed is a way to use 
species as indicators of ecological health. As such, the Ganaraska Region 
Conservation Authority uses birds as indicators of forest health and frogs as 
indicators of wetland health. Theoretically, the more sensitive the species present 
and the more individuals, the healthier the ecosystem is likely to be. Roadside 
bird and frog surveys were undertaken as a rapid assessment approach to 
learning what can be found where. In this case ELC mapping was used to select 
a representative variety of forest patch sizes and landscape matrices for bird 
surveys and areas where a variety of wetland types could be found adjacent to 
roads.  
 
Marsh Monitoring protocols were adapted for the roadside surveys, with 10-
minute point counts used to record all birds seen and heard, and 3-minute point 
counts used to record singing frogs. Surveys were conducted to coincide with 
peak breeding for all species. In addition to indicator species, species of 
conservation concern are relevant to watershed management. In the future the 
Ganaraska Region Conservation Authority would like to develop an evaluation 
approach to identify species of local concern. In the meantime, reporting on this 
topic will be limited to an overview of species at risk known to occur in the 
watershed. 
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4.1.2 Forests 
A forest ecosystem is a community of plants, animals, microorganisms, and the 
physical environment they inhabit, in which trees are the dominant life form 
(Hunter 1990). Prior to European settlement, forests covered more than 90% of 
southern Ontario (Larson et al. 1999). Widespread clearing for agriculture has 
resulted in a landscape of different successional stages and fragmented forest 
patches of varying sizes. The size, shape and connectivity of patches, as well as 
the types of land use in the surrounding landscape matrix have much to do with 
the species composition, and therefore the ecological integrity of the forest. The 
process of evolution and changes that occur to a forest ecosystem, either 
naturally or as a result of disturbance is called forest succession. Succession can 
be defined as the process of change by which biotic communities replace each 
other and in which the physical environment becomes altered over a period of 
time (Kimmins 1996). 
   
For the purpose of this report, forests are defined through ELC (Lee et al. 1998) 
and include coniferous, deciduous and mixed forests, and cultural plantations 
and woodlots. Treed swamps must be counted twice when calculating the area 
covered by forest and wetland separately, because a swamp is often only 
seasonally flooded and the ecosystem therefore functions as both wetland and 
forest. Swamp area must then be subtracted when the combined area forest and 
wetlands are calculated. 
 
Coniferous and deciduous forests are classified as areas of land that contain 
more that 60% tree cover with a canopy cover of more than 75% coniferous or 
deciduous trees respectively. Mixed forests are also made up of more than 60% 
tree cover, but contain a canopy cover of at least 25% each of both conifer and 
deciduous tree species (Lee et al. 1998). Cultural plantations and woodlands are 
defined as an ecological community resulting from or maintained by cultural or 
anthropogenic activity. A cultural plantation has more than 60% tree cover, while 
cultural woodlands contain between 35% and 60% tree cover (Lee et al. 1998). 
Swamps contain more than 25% tree or shrub cover and are dominated by 
hydrophytic shrub or tree species. Table 4.4 describes the proportion of forest 
types in the Ganaraska River watershed and Figure 4.20 shows the locations. 
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Table 4.4: Forest types 
ELC Defined Forest Type Percentage  

Coniferous Forest 7 
Deciduous Forest 3 
Mixed Forest 21 
Cultural Plantation 9 
Cultural Woodland 1 
Thicket Swamp 0.1 
Coniferous Swamp 1 
Deciduous Swamp 0.03 
Mixed Swamp 1.7 

 

 
Figure 4.20: Forests 
 
Different successional stages support different communities of plant and animal 
species. Although succession is often portrayed as progress terminated by 
disturbance, it can also be viewed as a cycle in which a series of plants and 
animals come and go (Hunter 1990). In order to maintain all plant and animals 
species in a landscape, it is necessary to maintain representation of all stages of 
ecological succession, however not necessarily in equal amounts. Ideally natural 
disturbances such as fire would dictate the relative abundance of different 
successional stages. During pre-settlement times old growth forest was likely 
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dominant. Now this community type is rare and vastly under-represented. It has 
therefore become a conservation concern, and some mature woodland should be 
managed to replace what was lost. 
 
Patch (woodlot) size is an important consideration for forest management. Small 
isolated patches have limited capacity to sustain populations of many animal 
species. In contrast, large connected patches can support more species and 
more individuals of each species. They are also more likely to cover a variety of 
topography supporting more forest vegetation types, as well as natural 
disturbance regimes. A basic principle of conservation biology is that bigger 
patches are generally better for supporting biodiversity. Tables 4.5 and 4.6 depict 
the relationship between forest patch size and the types of species of wildlife that 
utilize particular patch sizes.  
 
Table 4.5: Wildlife use of various forest patch sizes  

 
 (Environment Canada 2005c) 
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Table 4.6: Anticipated response by forest birds to size of largest forest patch 

 
 
Forest patches that are compact in shape rather than convoluted are also 
generally better for many species, particularly those that require damp, dark, 
forest interior habitat. A number of birds experiencing population declines that 
require forest interior have been noted in the Atlas of the Breeding Birds of 
Ontario, 2001-2005 (Cadman et al. 2007). Interior is generally considered to be 
forest area that is beyond 100 m from the outside edge of the patch. The first 100 
metres is considered to be prone to negative edge effects originating in the 
surrounding landscape, including higher temperatures, exposure to wind 
resulting in desiccation or storm damage, increases in predation and parasitism, 
and invasions by exotic plants. Currently 43% of forest cover in the Ganaraska 
River watershed is forest interior, based primarily in the large tracts of the 
Ganaraska Forest. Of this 26% is interior forest greater than 200 m from the 
forest edge (Figure 4.21). 
 

 
Figure 4.21: Forest interior 

(Environment Canada 2005c) 
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Given that much of the remaining forest cover in the watershed occurs in 
valleylands, there are a large number of convoluted patches relative to compact 
ones that tend to be on tablelands. This means an overall high edge-to-area ratio 
and therefore more exposure to negative edge effects. Natural heritage system 
modeling can identify opportunities to improve patch shape, and these can help 
set priorities for private land stewardship. 
 
In a fragmented landscape, connectivity is a key issue for all habitat types, 
including forest. In landscape ecology there are two types of connectivity. 
Structural connectivity refers to the physical layout of habitat patches on the 
landscape. Functional connectivity refers to the degree to which certain species 
are capable of moving through this structure. As an example, the American Crow 
(Corvus brachyrhynchos), a habitat generalist, has unlimited mobility through any 
habitat or land use type. In contrast, habitat specialists with limited mobility 
require contiguous specific habitats for food and cover. It is the latter that tend to 
be a conservation concern. Without connectivity, isolated populations of these 
species are at risk of inbreeding and loss of fitness. This can lead to small 
populations disappearing incrementally across the landscape, contributing to the 
regional loss of the species.  
 
There are metrics for measuring connectivity with Geographic Information 
Services (GIS), however many of these merely measure the proximity of forest or 
other habitat patches (using GIS polygons or pixels). A more accurate method 
would be to model the potential movements of species or groups of species of 
conservation concern, although this would be time consuming. This could be 
done before and after GIS modeling to identify improved natural heritage 
systems. It could further be combined with a measure of road density, as roads 
are barriers to wildlife movement through the natural heritage system. 
 
Related to both connectivity and patch size is the total amount and distribution of 
forest cover in the landscape or watershed. The question “how much habitat is 
enough?” is frequently asked when attempting to protect natural heritage 
features or systems. In fact, this is a very difficult question to answer because of 
complex issues related to species population dynamics and interacting 
components of ecosystems, not to mention our limited understanding of these. 
Nevertheless, the amount of 30% forest cover has been widely advocated 
(Environment Canada 2005c). This is based largely on studies in northeastern 
North America (including Ontario), demonstrating that landscapes with 20 to 30% 
forest cover tend to support the majority of bird species known in a given area. 
However, precaution must be exercised when applying such generic cover 
recommendations. First, because they can fly, birds may not be good surrogates 
for other species that have limited mobility. Secondly, supporting the majority of 
species means that some species may not be supported. Finally, if a landscape 
supports more than 30% forest cover, does this mean we can afford to lose 
cover?  The Ganaraska River watershed, with a forest cover of 44%, is a case in 
point.  
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In short, conservation goals that set targets of 30 to 40% cover will not be 
adequate to conserve all species (Groves 2003), and there is no single threshold 
of habitat cover for species persistence (Fahrig 2001). When one factors in other 
concerns such as water quality and quantity and ecological functions that work at 
landscape scales, the amount of cover required for integrity is likely to be higher, 
not lower. Therefore, use of the precautionary principle is recommended. 
 
There are other considerations. If all of the 30% forest cover is concentrated in 
one part of a watershed, does this mean the amount is adequate?  In the 
Ganaraska River, like most watersheds originating on the Oak Ridges Moraine, 
the majority of forest cover is in the headwater area. This is a good thing 
hydrologically because the forest helps to retain water. It is also a good thing in 
that these forest patches tend to be larger and better connected, and therefore 
have greater integrity in terms of species composition and ecological function. 
However, it also means that forest patches in other parts of the watershed are 
smaller, more isolated, and have less ecological integrity. Clearly there is room 
for improvement in habitat cover, even if there is already more than the minimum 
standard. More cover and more even distribution of cover are both important. In 
short, although the Ganaraska River watershed has a good amount of forest 
relative to the 30% guideline, there is need for improvement in patch size, shape, 
connectivity and overall distribution of forest cover. The use of GIS to undertake 
natural heritage system modeling is recommended to identify priority areas for 
natural cover improvement. 
 

4.1.3 Grasslands and Thickets 
Grasslands include cultural meadows, cultural savannas and cultural thickets as 
well as natural tallgrass prairie and savanna. The “cultural” communities are 
essentially stages of ecological succession as a disturbed landscape gradually 
reverts to forest. In many cases this amounts to abandoned agricultural fields, 
although cultural meadows may be fields that have simply been left fallow. These 
habitats play a role in overall watershed functions. They allow for reduced runoff, 
by slowing surface water runoff, filtering out sediments and reducing erosion.  
 
Many species rely specifically on grassland habitats and some are of 
conservation concern. A decline in bird species associated with grassland and 
shrubland habitats across Ontario has been noted in the Atlas of the Breeding 
Birds of Ontario, 2001-2005. There are also declines in the Lake Simcoe-Rideau 
atlas study region, which includes the Ganaraska River watershed (Cadman et 
al. 2007). This is part of a disturbing trend across eastern North America. These 
birds include Bobolink (Dolichonyx oryzivorus), Eastern Meadowlark (Sturnella 
magna), Upland Sandpiper (Bartramia longicauda), and a number of sparrow 
species. This change in grassland bird species abundance has been related to 
temporal landscape changes. Grassland bird species expanded with the clearing 
of forests in the 19th and early 20th centuries, however today, bird species 
associated with grassland habitat in Ontario appear to be declining (Cadman et 
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al. 2007). This decline could be related to grassland and shrubland habitats 
becoming reforested, intensification of agricultural practices (e.g., improved 
pastures and increased cropping), and urban development (McCracken 2005).  
 
Tallgrass prairie and savanna are globally rare grassland ecosystems and there 
are many rare plants and animals associated with them. Prior to European 
settlement, tallgrass prairie occurred on sand plains in Ontario from Walpole 
Island on Lake St. Clair to the Rice Lake Plains. However, due to conversion to 
agriculture and other land uses, less than 1/10 of one percent of the original 
tallgrass prairie and savannah habitat remains (Clarke 2005), making it a high 
conservation priority. The Alderville Black Oak Savannah, located south of Rice 
Lake is the largest single remaining tallgrass prairie and savannah in east central 
Ontario. Smaller remnant tallgrass prairie habitats are scattered across the Oak 
Ridges Moraine in the Ganaraska Region Conservation Authority boundary. 
Several of these are in the Ganaraska River watershed. Given the sandy soils of 
the area, there was probably considerably more tallgrass than at present, and 
there may be opportunities to restore tallgrass prairie or savannah ecosystems 
where suitable conditions exist. 
 
Meadow and tallgrass prairie may look similar, however a prairie is maintained 
primarily by fire, whereas a meadow is maintained by other disturbances such as 
flooding, drought or human influences. Furthermore, some flora and fauna are 
found in either one habitat or the other (Delaney et al. 2000). Cultural meadows 
make up 5% of the landscape in the Ganaraska River watershed. As defined by 
ELC, cultural meadows contain less than 25% tree cover and less than 25% 
shrub cover, have a large portion of non-native plant species, and result from or 
are maintained through anthropogenic actions (Lee et al. 1998). Most of these 
are old fields from retired agricultural lands and others are land that has been left 
fallow. 
 
Cultural savanna and thickets make up 2.1% (0.7% and 1.4% respectively) of the 
watershed. Cultural savannas, as defined by ELC, contain between 25% and 
35% tree cover, have a large portion of non-native plant species, and result from 
or are maintained through anthropogenic actions (Lee et al. 1998). Cultural 
thickets contain less than 25% tree cover and more than 25% shrub cover (Lee 
et al. 1998). 
 
It is difficult to set cover targets for grasslands and shrublands. First, despite the 
conservation concerns associated with them, grasslands, in particular the cultural 
varieties, may actually be over-represented in southern Ontario relative to pre-
settlement conditions when forest dominated the landscape. Second, because 
they are stages in ecological succession, maintaining an area as grassland 
would require active management, and to do this on a large scale would be 
impractical. It can be argued that if the goal is to improve forest cover relative to 
historical conditions, it may be a good thing that grassland and shrublands are 
undergoing succession. Indeed, cultural meadows may be prime areas for tree 
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planting. Perhaps the best bet is to track habitat and land use changes, with the 
ultimate goal being to ensure that some form of each successional stage is well 
represented in the watershed or regional landscape. Furthermore, it may be best 
to invest more in prairie restoration than in maintaining unnatural old field 
habitats. 
 

4.1.4 Wetlands 
Wetlands make up 4% of the Ganaraska River watershed. Based on the ELC, 
wetlands include meadow marsh, shallow marsh, deciduous swamps, coniferous 
swamps, mixed swamps, thicket swamps and bogs. There are no bogs known in 
the Ganaraska River watershed. Treed swamps must be counted twice when 
calculating the area covered by forest and wetland separately, because a swamp 
is often only seasonally flooded and the ecosystem therefore functions as both 
wetland and forest. Swamp area must then be subtracted when the combined 
area forest and wetlands is calculated. Two large wetland complexes exist in the 
Ganaraska River watershed and are recognized by the province as significant 
(see Section 4.1.7 for more detail).  
 
Marshes are classified as having water depth less than 2 m, containing less than 
25% tree and shrub cover, and dominated by emergent hydrophytic macrophytes 
(Lee et al. 1998). A meadow marsh contains plant species that are less tolerant 
to prolonged flooding, since soils become moist to dry in the summer. Meadow 
marshes are typically found in riparian zones and may form the transition point 
between shallow marsh and upland habitat. In shallow marshes, by contrast, 
standing or flowing water tends to remain all year. Dominant vegetation is 
typically cattail, although the invasive common reed (Phragmites australis) may 
take its place, especially in roadside marshes. 
 
Swamps contain more than 25% tree or shrub cover and are dominated by 
hydrophytic shrub and tree species. Water depths are less than 2 m, with 
standing water or vernal pooling on more than 20% of the land base (Lee et al. 
1998). Differences between swamp communities are based on tree canopy 
cover, tree species and the amount of tree cover. Table 4.7 describes the 
percent cover of each wetland type in the Ganaraska River watershed, and 
locations are shown in Figure 4.21. 
 
Table 4.7: Wetland types 

ELC Defined Wetland Type Percentage 
Meadow Marsh 0.3 
Shallow Marsh 0.04 
Coniferous Swamp 1 
Deciduous Swamp 0.03 
Mixed Swamp 1.7 
Thicket Swamp 0.05 
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Figure 4.21: Wetlands 
 
Swamps are the most abundant wetland type in southern Ontario, and in the 
Ganaraska River watershed. Like other wetlands, many species rely on swamps 
for habitat. For example, they provide critical breeding areas for salamanders 
and frogs, and the cool, moist conditions required by birds such as the Northern 
Waterthrush (Seiurus noveboracensis) and Winter Wren (Troglodytes 
troglodytes). Some swamp species, such as Mallard (Anas platyrhynchos) and 
Wood Duck (Aix sponsa), are economically important (i.e., hunting opportunities). 
The diversity, species, and abundance of flora and fauna that swamps as well as 
marshes provide is dependant in part on the size of the ecosystem (Table 4.8).  
As with other habitats, larger areas are likely to support a greater diversity of 
micro-habitats and thus more species. 
 
Depending on the terrain and geology, swamps contribute to aquatic habitats as 
well. Swamps provide groundwater discharge areas, providing an in-stream 
temperature regime required by native Brook Trout and other coldwater fish 
species. Swamps also contribute nutrients, food and habitat to aquatic organisms 
in nearby streams. Similar to marshes, swamps also mitigate floodwaters and 
improve water quality.  
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Thicket swamps are low wet areas dominated by shrubs such as Red Osier 
Dogwood (Cornus strolonifera) and Speckled Alder (Alnus rugosa). These 
wetlands deserve special mention because they are the principle habitat of the 
Western Chorus Frog (Pseudacris triseriata), a tiny species that has been 
experiencing rapid population declines throughout its range. In many cases 
thicket swamps are too small to pick up when interpreting aerial photographs, 
therefore the total cover for this wetland type may be deceiving. Even tiny thicket 
swamps can support an entire local breeding population of chorus frogs, 
therefore the value of these areas should be recognized. 
 
Vernal pools can have a similar function to swamps, but on a smaller scale. 
These are temporary ponds that are formed in depressions as a result of 
snowmelt and rain. Typically they dry up by mid to late summer. This means they 
are unsuitable for fish, which in turn makes them ideal breeding habitats for many 
species that would otherwise be subject to fish predation. Salamanders in 
particular rely on these habitats, and entire populations from surrounding 
woodlands may go to a single pond to breed in early spring.  
 
Frogs such as Spring Peeper (Pseudacris crucifer) and Wood Frog (Rana 
sylvatica) rely on vernal pools and forest swamps for breeding. These 
amphibians are important elements of the food chain. Maintaining vernal pools 
and connectivity between these and upland forests is vital for the survival of 
populations. Vernal pools are increasingly being recognized as a conservation 
concern (Colburn 2005). However, because of their small size and the fact that 
they frequently occur in forests, they are difficult to map accurately. More work is 
needed to inventory and map these critical habitats. 
 
Wetlands play an important function in any temperate watershed, and each 
wetland type contributes differently to the processes that are carried out. 
Marshes are very efficient in improving water quality, however efficiency depends 
on their location relative to overland flow, the substrate type within the marshes, 
dominant plant species, climate, and the retention time of the water within the 
marsh (Environment Canada 2005c). Marshes are also important in mitigating 
floods by storing flood waters, reducing flow velocity and ultimately peak flows in 
a water system (Environment Canada 2005c).  
 
Environment Canada’s framework for guiding habitat rehabilitation (Environment 
Canada 2005c) recommends that watersheds should contain more than 10% 
wetland cover, however, historically a watershed may have had more or less 
than this. The capacity for natural wetlands is based largely on topography and 
soils. Much of the soil in the headwater area of the Ganaraska River is sand, 
which is highly permeable and therefore not conducive to water retention. In 
short, rather than see an increase in wetland cover of 4%, it may be possible to 
undertake a soil and slope analysis and combine this with what we know about 
hydrology to determine the capacity for an increase in wetland cover in the 
Ganaraska River watershed.  
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Table 4.8: Wildlife use of various swamp and marsh sizes 

 
 

 

4.1.5 Species at Risk and Species of Concern 
Provincial legislation has provided for the identification and protection of Species 
at Risk in Ontario. The legislated purposes of the Endangered Species Act, 2007 
are: 

• To identify Species at Risk based on the best available scientific 
information, including information obtained from community knowledge 
and aboriginal traditional knowledge 

• To protect species that are at risk and their habitats, and to promote the 
recovery of species that are at risk 

• To promote stewardship activities to assist in the protection and recovery 
of species that are at risk. 

 
A number of Species at Risk have been identified in the Ganaraska Region 
Conservation Authority jurisdiction (Table 4.9). The status of these species has 
been designated by the Committee on the Status of Species at Risk in Ontario 
(COSSARO), an independent body that assesses and classifies species at risk, 
and/or by the federal Committee on the Status of Endangered Wildlife in Canada 
(COSEWIC). A list of these species is found in Table 4.9. 
 
 
 

(Environment Canada 2005c) 
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Table 4.9: Provincially listed Species at Risk within the GRCA 
Scientific Name Common Name COSSARO 

Status 
COSEWIC 

Status 
Colinus virginianus Northern Bobwhite END END 
Rallus elegans King Rail END END 
Coturnicops noveboracensis Yellow Rail SC SC 
Lanius ludovicianus Loggerhead Shrike END END 
Ammodramus henslowii Henslow’s Sparrow END END 
Ixobrychus exilis Least Bittern THR THR 
Chlidonias niger Black Tern SC  
Haliaeetus leucocephalus Bald Eagle SC  
Melanerpes erythrocephalus Red-headed Woodpecker SC THR 
Dendroica cerulean Cerulean Warbler SC SC 
Vermivora chrysoptera Golden-winged Warbler SC THR 
Icteria virens Yellow-breasted Chat SC SC 
Wilsonia citrina Hooded Warbler THR THR 
Emydoidea blandingii Blanding’s Turtle THR THR 
St\ernotherus odoratus Stinkpot Turtle THR THR 
Graptemys geographica Northern Map Turtle SC SC 
Heterodon platyrhinos Eastern Hog-nosed Snake THR THR 
Tamnophis sauritus Eastern Ribbonsnake SC SC 
Lampropeltis triangulum Eastern Milksnake SC SC 
Danaus plexippus Monarch Butterfly SC SC 
Panax quinquefolius American Ginseng END END 
Juglans cinerea Butternut END END 
Platanthera leucophaea Eastern Prairie Fringed Orchid END END 

SC = Special Concern, THR = Threatened, END = Endangered 
 
Many of the records for these species are historical, and there is a need to revisit 
some areas to determine if any individuals are still present. Should this be the 
case, the responsibility falls into the hands of the provincial or federal 
government, although local organizations including the GRCA, can work with 
government authorities and landowners on stewardship measures to enhance 
protection for these species. 
 
Species at Risk are designated based on their national or provincial status, 
however population declines frequently begin at the local level. There is a real 
need to gain a better understanding of the local status of sensitive species, and 
to develop a list of locally rare species. Such a list can help inform planning 
decisions such that populations of species are retained as components of healthy 
ecosystems.  
 

4.1.6 Invasive Species 
In terrestrial habitats in the Ganaraska River watershed, the invasive species that 
are currently of greatest concern are plants, in particular dog-strangling vine 
(Cynanchum rossicum), European buckthorn (Rhamnus cathartica) and garlic 
mustard (Alliaria petiolata). All of these have a negative impact on biodiversity by 
colonizing natural areas and gaining a competitive edge over native species.  
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Dog-strangling Vine is of particular concern on the Oak Ridges Moraine, where it 
is spreading rapidly. It can be found in habitats ranging from old fields to mixed 
and riparian forests. As is demonstrated at the Orono Crown Forest, it does 
particularly well in pine plantations where it can prevent understory growth and 
tree regeneration as well as hamper harvesting efforts. Garlic Mustard prefers 
moister, less acidic conditions and is a threat to riparian and hardwood forests. 
European Buckthorn is ubiquitous in much of southern Ontario because it was 
widely used in hedgerows and is spread as fruits eaten by birds. Control of all 
three of these and other invasive plants is difficult once they become well-
established. Early detection and rapid response is the key. Infestations should be 
mapped, rate of spread monitored and response prioritized. Control efforts 
should be coordinated between organizations with an interest in invasive plant 
control. 
 
Recent exotic insects of concern in Ontario include the Asian Long-horned Beetle 
(Anoplophora glabripennis) and the Emerald Ash Borer (Agrilus planipennis). So 
far neither of these has been found in this part of the province, but either can 
have devastating impacts on forests. Sightings of insects thought to be these 
species should be reported immediately to the Canadian Food Inspection 
Agency. 
 

4.1.7 Areas of Natural and Scientific Interest and Provincially 
Significant Wetlands 
The Ministry of Natural Resources is responsible for defining Areas of Natural 
and Scientific Interest (ANSI) and Provincially Significant Wetlands (PSW). At 
present, the Ontario Wetland Evaluation System is used in conjunction with 
provincial scoring criteria to identify provincially significant wetlands and wetland 
complexes.  
 
Two provincial earth science ANSIs have been identified in the Ganaraska River 
watershed by the MNR. The largest of these, the Garden Hill Pitted Outwash, is 
1,003 hectares in size and comprises several remnant hills and broad sandy 
outwash plains along the southern edge of the Oak Ridges Moraine (Gartner Lee 
Limited et al. 1995). The Garden Hill Pitted Outwash is a valuable area for 
interpreting an important part of the deglaciation of the south slope of the Oak 
Ridges Moraine (Cordiner 1980). The Batterwood earth science ANSI was 
notched by the wave action of Lake Iroquois (Garner Lee Limited et al. 1995) 
(Figure 4.22). 
 
Two regional life science ANSIs are also present in the watershed. Both consist 
of bottomland areas and associated wetlands of the main branch of the 
Ganaraska River. These are the Elizabethville Swamp and the Osaca Wetland. 
The Elizabethville Swamp ANSI is 160 hectares in size and contains mixed 
forests encircling deciduous swamp. The Osaca Wetland ANSI is 404 hectares in 
size and is a river valley complex consisting of floodplain forests (Hall and Jones 
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1976). Skunk Cabbage, a regionally rare species is present. These same ANSIs 
are also provincially significant wetlands. 
 
Five provincially significant wetlands occur in the Ganaraska River (Figure 4.23). 
Davidson’s Corners, Elizabethville North, Elizabethville South, Kendal and Osaca 
are all regionally significant for providing spawning, staging and migratory habitat 
for coldwater fish species. This is a result of the high quality habitat and 
groundwater recharge provided.  
 
Davidson’s Corner Wetland is 104.5 hectares in size, consisting of 11 separate 
wetlands of either swamp (95%) or marsh (5%). A provincially significant plant, 
Slender Gerardia and a regionally significant Fringed Gentian have been 
observed (Ostrander and Ostrander 1988). The Elizabethville North Wetland is 
124 hectares in size and is comprised of forested swamp and marsh habitats. A 
provincially significant plant, Sagittaria graminea, was observed in the wetland 
(Busch et al. 1993). The Elizabethville South Wetland is 49.3 hectares in size 
and is classified as a swamp.  
 
The Kendal Wetland Complex is 326.5 hectares in size, comprised of three 
wetlands. This wetland is classified as swamp, and contains habitat for many fish 
species. The Osaca Wetland proper is 129.8 hectares in size and is comprised of 
99.6% swamp and 0.4% marsh. Sixty per cent of the wetland is trees with the 
remainder comprised of shrubs and herbaceous plants (Parks et al. 1993). 
 
The Kendal Provincial Park Reserve and certain sections of the Ganaraska 
Forest are also designated as ANSIs. Further information regarding these areas 
as protected lands is provided in Section 5.1.6. 
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Figure 4.22: Areas of natural and scientific interest  

 
Figure 4.23: Provincially significant wetlands 



 

  

 
 
 
 
 
 
 
 

 

 

Chapter 5 – CULTURAL 
CHARACTERISTICS OF THE 
GANARASKA RIVER 
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5.1 PRESENT CULTURAL CHARACTERISTICS 
Present settlement patterns, communities and natural resource distribution play 
an important role shaping surrounding landscapes. This understanding will guide 
management decisions in the Ganaraska River watershed in a localized manner. 
 

5.1.1 Municipal Populations and Growth 
The Ganaraska River flows through the Municipality of Clarington in the Regional 
Municipality of Durham, the Municipality of Port Hope and the Township of 
Hamilton, both in Northumberland County; and the City of Kawartha Lakes and 
the Township of Cavan Monaghan in Peterborough County (Figure 5.0). In the 
Ganaraska River watershed, 17 km2 or 6% of the watershed area has a land use 
associated with settlement and growth areas (e.g., roads, railways, and urban 
and rural development), as defined by 2002 Ecological Land Classification 
mapping. According to the 2006 Statistics Canada Census, there are 11,032 
people living in the Ganaraska River watershed, at a density of 40 people/km2.  
   
Both provincial legislation and municipal official plans have defined areas in the 
Ganaraska Region Conservation Authority that are expected to experience 
significant growth. The Greenbelt Act, 2005, acknowledges the Oak Ridges 
Moraine and includes it in the designated Greenbelt area (Figure 5.1). The 
provincial Places to Grow Act, 2005 has identified no urban growth centres in the 
Ganaraska Region Conservation Authority or in the Ganaraska River watershed. 
In addition the Oak Ridges Moraine Conservation Act, 2001 has provided further 
development directions within the Oak Ridges Moraine in the Ganaraska River 
watershed (Figure 5.0). 
 
Nevertheless, given its proximity to the Greater Toronto Area, the Ganaraska 
Region Conservation Authority watersheds, including the Ganaraska River 
watershed are expected to experience an increase in population. As a result, 
population projections are necessary to ensure that development and 
infrastructure occur at a sustainable rate for municipalities and the environment. 
Planning documents such as growth management strategies consider how much 
population and employment growth is expected to occur over a specific period of 
time, and then develop specific strategies for where and how this projected 
growth is to be accommodated (County of Northumberland 2008). Municipal 
official plans also direct growth in each respective municipality and the 
watershed. 
 
Regional Municipality of Durham 
The Regional Municipality of Durham is the upper tier region that encompasses 
the Municipality of Clarington in the Ganaraska Region Conservation Authority. 
Ward 4, of the Municipality of Clarington, is located in the Ganaraska Region 
Conservation Authority. The Planning Department estimates that the population 
of the Region of Durham was 531,000 in May 2001. A target of 760,000 people 
has been estimated for the number of people living in the Region by the year 
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2011 and a target of 970,000 people by the year 2021 (Regional Municipality of 
Durham 2005).  
 
Municipality of Clarington 
The Municipality of Clarington represents one of the fastest growing communities 
in Ontario. Ward 4 of the Municipality of Clarington, located in the Ganaraska 
Region Conservation Authority, includes urban areas (Newcastle and Orono) and 
surrounding rural areas (Figure 5.2). Clarington’s population as a whole grew by 
15.2% from 69,834 in 2001 to 77,820 in 2006. This reflects an annual growth rate 
of approximately 2.3% and a current density of 127.3 people/km2 (Statistics 
Canada 2007). The 2006 population of Ward 4 of the Municipality of Clarington 
was 13,773 people. The population is expected to grow in Ward 4 to 
approximately 19,700 in 2016, an increase of 43% from 2006 (Table 5.0). Most of 
this growth will occur in Newcastle Village (Municipality of Clarington, Personal 
Communications 2007). The Municipality of Clarington contains 29% of the 
Ganaraska River. 
 
Northumberland County 
Northumberland County is the upper tier government that encompasses the 
Town of Cobourg, the Municipality of Port Hope, the Township of Hamilton and 
the Township of Alnwick/Haldimand, in the Ganaraska Region Conservation 
Authority. The Township of Alnwick/Haldimand is partially in the Ganaraska 
Region Conservation Authority. The population of Northumberland County in 
2006 was 80,963 people (Statistics Canada 2007). By 2021 the population in 
Northumberland County is expected to be 108,188 people (County of 
Northumberland 2005).  
 
Municipality of Port Hope 
The Municipality of Port Hope was formed from the amalgamation of the Town of 
Port Hope and the Township of Hope in 2001. Today the urbanized former Town 
of Port Hope (Ward 1) and the rural Township of Hope (Ward 2) encompass an 
area of 279 km2 (Statistics Canada 2007) (Figures 5.3 and 5.4).  
 
The population of the Municipality of Port Hope has increased from 15,605 in 
2001 to 16,390 in 2006, with a population density of 58.8 people/ km2 (Statistics 
Canada 2007). It is estimated that 77% of the population of the Municipality of 
Port Hope resides in the urbanized Ward 1 (Strategic Projections Incorporated 
2002). The projected population growth in Ward 1 of the Municipality of Port 
Hope is found in Table 5.0. The Municipality of Port Hope contains 63% of the 
Ganaraska River watershed. 
 
Township of Hamilton 
The Township of Hamilton is 256 km2 in area, is predominately rural, and 
surrounds the Town of Cobourg. There are no settlement areas identified in the 
Township of Hamilton Official Plan (Ainley Group 2006) located in the Ganaraska 
River watershed (Figure 5.5). The population of the Township of Hamilton as a 
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whole was 10,785 in 2001 and grew by 1.7% to 10,972 by 2006 (Statistics 
Canada 2007), with 0.3% average population growth rate in the intervening five 
years. The 2006 census information also indicated that the population density is 
42.8 people/km2. At this rate, it is anticipated that the Township will have a total 
permanent population of 13,390 by 2016 (Table 5.0). The Township of Hamilton 
contains 7% of the Ganaraska River watershed. 
 
City of Kawartha Lakes 
The City of Kawartha Lakes contains 0.04% of the Ganaraska River watershed. 
However there is no flowing water, and very few people live in this area, as 
identified through private well locations. 
 
Township of Cavan Monaghan 
The Township of Cavan Monaghan contains 2% of the Ganaraska River 
watershed, and very few people live in this area of the watershed, since much of 
the Ganaraska Forest is located in this area.  
 
Table 5.0: Municipal population projection  

Region Census Population Population 
Projections 

 2006 2011 2016 
Ward 4, Municipality of Clarington A 13,773 15,380 19,720 
Municipality of Port Hope B 17,039 16,926 16,476 
Township of Hamilton C 11,878 12,639 13,390 
A Municipality of Clarington 2006 
B Strategic Projections Inc 2002 
C Township of Hamilton 2002 
 
Note, the City of Kawartha Lakes and the Township of Cavan Monaghan is not reported on 
given the limited population in these municipalities of the Ganaraska River watershed. 



 

___________________________________________________________________ 
Ganaraska River Background Report: Abiotic, Biotic and Cultural Features 188 

 

 
Figure 5.0: Oak Ridges Moraine planning boundary 

 
Figure 5.1: Greenbelt planning area
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Figure 5.2: Land use in the Municipality of Clarington  (Municipality of Clarington 2007) 
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Figure 5.3: Land use in Ward 2, Municipality of Port Hope (Municipality of Port Hope 2008) 
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Figure 5.4: Land use in Ward 1, Municipality of Port Hope (Municipality of Port Hope 2008) 
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Figure 5.5: Land use in the Township of Hamilton 

(Ainley Group 2006) 
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5.1.2 Industrial and Commercial Sector Distribution 
Municipal official plans provide information about commercial and industrial 
developments that are subject to servicing studies and other necessary 
background information. In rural areas, tourism and agriculture remain the main 
industries, along with aggregate extraction. Figures 5.1 to 5.4 indicate the 
locations of employment, commercial and institutional designated areas, 
identified tourism sites (e.g., parks), agricultural lands and aggregate-licensed 
areas. 
 
The Township of Hamilton has identified eight employment areas, and all are 
located outside of the Ganaraska River watershed (Ainley Group 2006) (Figure 
5.4).  
 
In the Municipality of Port Hope, 2,500 acres of industrial land exist (Figures 5.2 
and 5.3) and currently 47 manufacturers are located in the municipality. The 
major manufacturing products include vinyl and urethane plastic auto interiors, 
prefab homes, alloy and stainless steel castings, industrial paints and laquers, 
uranium refining, nuclear fuel bundles, custom vacuum forming and packing, 
custom steel fabricators, trusses, and the design/sale/assembling of conveyor 
apparatus (Municipality of Port Hope 2006). The majority of industry in the 
Municipality of Port Hope is outside of the Ganaraska River watershed.  
 
The Municipality of Clarington, in its entirety, has five distinct industrial and 
business areas. Of these areas, the Newcastle Industrial Area is located in the 
Ganaraska Region Conservation Authority, but outside of the Ganaraska River 
watershed (Figure 5.1). The major manufacturing and industrial products 
produced in Ward 4 of the Municipality of Clarington are steel and metal 
products, paper products, construction, aggregate excavation, agriculture and 
agriculture services, wood products and robotics (Regional Municipality of 
Durham 2006).  
    
Commercial use of groundwater and surface water exists in the Ganaraska River 
watershed. Water use greater than 50,000 litres per day requires a permit from 
the Ministry of the Environment. Information on the use of water for commercial 
purposes is found in the Section 3.5.4 of this document. 
 

5.1.3 Agriculture 
Agricultural practices are the dominant land use in the Ganaraska River 
watershed. Based on 2002 ELC mapping, agricultural land use covers an area of 
42% of the Ganaraska River watershed (Figure 5.6). As indicated by Statistics 
Canada’s 2006 census, agricultural production types and intensities vary 
throughout the municipalities, however crop production prevails over livestock 
production (Statistics Canada 2008). Table 5.1 contains a breakdown of 
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agricultural land use in the Municipality of Clarington, the Municipality of Port 
Hope and the Township of Hamilton.  
   
Please note that only portions of the municipalities reported on are in the 
Ganaraska Region Conservation Authority. Statistics related to agriculture will be 
reported at the regional level as many statistical reports are unavailable on a 
smaller scale. However, activities are assumed to be constant across the 
municipalities.  
 

Table 5.1: Agricultural land use in 2006  
Region Number of 

Farms 
Land 

Farmed 
(Hectare) 

Land in Crops 
B (Hectare, %) 

Land in 
Pasture 

(Hectare, %) 
Regional Municipality of 
Durham A 1,686 132,212 92,454, 70% 18,930, 14% 
Municipality of Clarington A 437 33,074 23,016, 70% -- 
Northumberland County A 1,031 97,594 61,357, 63% 16,937, 17% 
Municipality of Port Hope 162 15,493 11,151, 72% -- 
Township of Hamilton 147 10,975 6,965, 63% -- 
A – Only a portion of these areas are found in the GRCA. 
B – Crops do not included Christmas trees. 
 (Statistics Canada 2008) 

 

 
Figure 5.6: Agricultural lands 
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Agricultural Land  
In the Regional Municipality of Durham most farm sizes are less than 53 hectares 
(1,080 farms): 417 farms are between 53 and 161 hectares, and 189 farms are 
greater than 162 hectares (Statistics Canada 2008). Of the total land farmed 
(132,212 hectares), 47,479 hectares of farmland are rented or leased in the 
Regional Municipality of Durham.  
 
Northumberland County farm acreage greatly ranges in size. Out of 1,031 farms 
reported in 2006, 517 farms are less than 53 hectares, 359 farms are between 53 
and 161 hectares, and 155 farms are greater than 162 hectares (Statistics 
Canada 2008). Of the total land farmed (97,594 hectares) in Northumberland 
County, 32,098 hectares of farmland are rented or leased.    
 
Crops and Livestock 
The five most predominant field crops grown in the Regional Municipality of 
Durham and Northumberland County include alfalfa and alfalfa mixtures, grain 
corn, soybeans, hay and fodder crops (oats, barley, mixed grains and corn 
silage) and winter wheat (Statistics Canada 2008). Many other field crops are 
grown throughout the Ganaraska River watershed.  
 
Produce is also grown in both the Regional Municipality of Durham and 
Northumberland County. A total of 683 hectares of fruit is produced in the 
Regional Municipality of Durham and 502 hectares in the Northumberland 
County. Fruit consists predominantly of apples, raspberries, strawberries and 
grapes (Statistics Canada 2008). In 2006, major field vegetable crops grown in 
the Regional Municipality of Durham and Northumberland County included sweet 
corn, tomatoes, pumpkins, and green or waxed beans. In the Regional 
Municipality of Durham, vegetables were grown on 848 hectares of land, and 278 
hectares were grown in Northumberland County, as reported in the 2006 census 
(Statistics Canada 2008). Many other vegetable and fruit varieties are grown 
throughout the Ganaraska River watershed; there are also floriculture (flowering 
plants), nursery and sod production operations.  
 
The Regional Municipality of Durham and Northumberland County, in 2006, 
reported livestock production as dairy and beef cattle, pigs, sheep and poultry 
(chickens and turkeys) (Statistics Canada 2008). However, other livestock are 
raised and owned in the Ganaraska Region Conservation Authority including 
goats, horses, buffalo, deer, elk, llamas, rabbits and bees (Statistics Canada 
2008). Dairy and beef cattle production are the predominant livestock raised in 
the Ganaraska River watershed.   
 
Agricultural Conservation Measures 
In 2006, 13 farms in the Regional Municipality of Durham were reported as 
certified organic producers, and another 12 farms in Northumberland County 
(Statistics Canada 2008). An additional 128 farms in the Regional Municipality of 
Durham and 55 in Northumberland County were reported as uncertified 
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producers. Soil conservation is widely practised throughout these areas, helping 
to mitigate soil erosion and surface runoff and to increase soil and crop 
productivity (Table 5.2). Many farmers in the Ganaraska River watershed also 
participate in the Environmental Farm Plan and the corresponding funding 
programs to learn new best management practices and carry out stewardship 
projects on their lands.  
 

Table 5.2: Farms in 2006 participating in soil conservation practices  
 Regional 

Municipality of 
Durham 

Northumberland 
County 

Total number of farms reporting 1,686 1,031 
Crop rotation 917 674 
Winter cover crops 206 167 
Rotational grazing 554 342 
Buffer zones around riparian areas 385 292 
Windbreaks or shelter belts 511 350 
Green manure crops for plough-down 316 170 

 
Agricultural production in the Ganaraska Region Conservation Authority and the 
Ganaraska River watershed is ever-evolving and shifting. The promise of 
increased crop prices in relation to ethanol and biodiesel production has seen 
marginal land being put back into crop production. The recent Bovine Spongiform 
Encephalopathy (BSE) crisis has seen many cattle producers leave the cattle 
industry or shift their efforts to cash cropping. Many dairy farmers have sold 
quota and ceased their dairy operations in the area. Continual shifts in crop 
markets are causing producers to bring non-marginal, profitable land into 
production, and trade concerns are causing farmers to question the stability of 
grain and oil seed productions across Canada. As a result, a trend to larger and 
fewer operations is evident in all sectors of the agriculture industry, both in 
Ontario and in the Ganaraska Region Conservation Authority. 
 

5.1.4 Infrastructure 
Municipal infrastructure such as roads and bridges, utilities, landfills, water and 
wastewater services, and stormwater management facilities is all necessary in 
communities. Each utilizes natural resources or effects the natural environment 
in a different way. Infrastructure requires proper planning, management and 
development in order to sustain the local community and natural environment. 
 
Transportation and Transmission Line Corridors 
Provincial highways, regional and county roads, as well as local roads in the 
Ganaraska River watershed are shown in Figure 5.7. Highway 401 and 
Regional/County Roads 2 and 9 are the east-west transportation roads. Major 
north-south transportation corridors include Regional Road 18 and County Roads 
65, 10 and 28. The CPR and CNR railroads run west to east along the south half 
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of the Ganaraska River watershed (Figure 5.7). Many hydro corridors and 
stations exist in the Ganaraska River watershed, mainly running in a west to east 
direction and along transportation routes (Figures 5.2 to 5.5). The Enbridge Gas 
Line runs east-west through the main branch of the Ganaraska River watershed 
above Dale Road (Figure 5.3).  
 

 
Figure 5.7: Transportation routes 

Winter Road Maintenance 
Winter maintenance can have negative impacts on surface water and 
groundwater due to runoff from road salting and material storage locations. The 
Province of Ontario is responsible for the provincial highways (Highway 401) in 
the Ganaraska River watershed. The Regional Municipality of Durham and 
Northumberland County are responsible for regional roads and county roads 
respectively, and the lower tier municipalities are responsible for all other roads.  
 
The Province of Ontario manages its highways in the winter using best practices 
consistent with those used across North America, and employs the latest winter 
maintenance technologies (Ontario Ministry of Transportation 2005). Current 
information is not available to determine salting rates or other application 
methods of de-icing agents on Highway 401. One Ministry of Transportation salt 
and sand dome exists in the Ganaraska River watershed at the corner of County 
Road 28 and Telephone Road.  
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The Regional Municipality of Durham is responsible for Regional Roads 65, 18 
and 9, and follows a salt management plan to ensure that environmental 
regulations are followed when applying winter material and disposing of snow. 
The County of Northumberland uses rock salt and sand for road applications in 
the winter, with a spreading rate of 130 kg of salt/km and 600 kg of sand/km 
(County of Northumberland 2005b). There are no regional or county sand and 
salt domes or snow dumps in the Ganaraska River watershed.  
 
Salt management plans for the Municipality of Clarington, Municipality of Port 
Hope and the Township of Hamilton are all in development phases or are being 
implemented. The Ganaraska Region Conservation Authority is assisting 
municipalities through a salt monitoring program to determine chloride 
concentrations in streams related to road salting. Sand and salt domes, and 
snow dumps exist in each municipality, however only the Municipality of Port 
Hope operates two dome sites, both in the Ganaraska River watershed.  
   
Landfills 
Waste management in the Ganaraska Region Conservation Authority is primarily 
under the jurisdiction of the upper tier municipalities. There are no active landfills 
in the Ganaraska River watershed. Instead, a waste transfer station exists at 
Canton. The Hope Transfer Station is under the jurisdiction of the Municipality of 
Port Hope. The Hope Transfer Station accepts waste only from Municipality of 
Port Hope Ward 2 residents, and accepts household trash, recycling and scrap 
metal. All recycling waste goes to the Material Recovery Facility in Grafton, in 
Northumberland County.  
 
The Regional Municipality of Durham does not have any active waste disposal 
sites in the Ganaraska Region Conservation Authority. Both upper tier 
municipalities encourage waste diversion through household hazardous waste 
depots. Electronic waste disposal, leaf and backyard composting programs, and 
bulky waste voucher programs for large item disposal are available to residents. 
 
One closed landfill is located in the Ganaraska River watershed. The Highland 
Drive Landfill is 5.68 hectares, with a filled area of 5 hectares and accepted 
waste from the 1940s to 1991 (Conestoga-Rovers & Associates 2005). The 
contents of the landfill include low-level radioactive waste from Eldorado Nuclear 
Limited radium and uranium refining processes, as well as municipal waste. 
Impacts from the landfill are occurring, including groundwater contamination 
(Conestoga-Rovers & Associates 2005). One known historical dumping area is 
located in the Ganaraska River watershed off Mastwood Road (Municipality of 
Port Hope 2008). Any other information regarding this site is unknown. 
 
Water Treatment Plants and Private Wells  
Figure 5.8 shows the municipal water-serviced areas in the Ganaraska River 
watershed. The Municipality of Port Hope Water Treatment Plant, operated by 
the Municipality of Port Hope draws water from Lake Ontario to be treated for 
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drinking water. Ward 1 of the Municipality of Port Hope, with a population of 
12,500, is serviced by the Municipality of Port Hope Water Treatment Plant 
(Figure 5.9). The rest of the population in the Ganaraska River watershed, not 
serviced by municipal water systems, rely on private water supply wells for 
drinking water (Figure 5.10). These wells draw water from either overburden or 
bedrock aquifers. 
 
Wastewater Treatment 
The Port Hope Sewage Treatment Plant services Ward 1 of the Municipality of 
Port Hope in the Ganaraska River watershed (Figure 5.11), and outlets into Lake 
Ontario near Gage’s Creek. In 2009 the Municipality of Port Hope finished 
constructing a new 11,300 cubic meters per day (m3/d) sewage treatment plan to 
replace the existing plant that is deteriorating and does not have adequate 
capacity or wet weather flows (Municipality of Port Hope 2008b). The rest of the 
population in the Ganaraska River watershed rely on private septic systems. 
Currently, there is limited data available about the number, concentrations, and 
other information on septic systems in the Ganaraska River watershed. 
 

 
Figure 5.8: Municipal water-serviced areas (Meridian Planning Consultants 

Incorporated et al. 2006) 
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Figure 5.9: Municipality of Port Hope Water Treatment Plant 

 
Figure 5.10: Private water supply wells 
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Figure 5.11: Wastewater System 
 
Stormwater Management 
Stormwater management facilities are normally associated with urban areas of 
the Ganaraska River watershed where runoff is directed toward ponds, rivers and 
infiltration trenches. In rural areas, most of the runoff from roads and residential 
areas is directed toward ditches and closed depression areas where higher 
infiltration rates are anticipated due to high permeability of surficial soils and 
topography. 
 
Staff at the Ganaraska Region Conservation Authority review all development 
proposals to ensure they comply with requirements defined locally (through 
developed plans) and in provincial guidance documents. Both water quantity and 
quality, which affect aquatic habitats, are considered in any technical review. The 
general requirements for stormwater management are prescribed by the Ministry 
of Environment and are defined as follows:  
 

“Stormwater Management is required to mitigate the effects of 
urbanization on the hydrologic cycle including increased runoff and 
decreased infiltration of rain and snowmelt. Without proper stormwater 
management, reduced baseflow, degradation of water quality, and 
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increased flooding can lead to reduced diversity of aquatic life, fewer 
opportunities for human use of water resources, and loss of property 
and human life.”  (Ontario Ministry of the Environment 2003b) 

 
No Stormwater Management Ponds exist in the Ganaraska River watershed. 
However, to meet urban development requirements, several Master Drainage 
Plans and hydrologic models have been developed for the watershed and for 
pond design. Infiltration targets, discharge targets and proposed facilities are 
defined. Please refer to the Surface Water Analysis section for more detail.  
 

5.1.5 Natural Resources and Uses 
The local environment is used by humans for many uses. Economies and 
communities are built around the extraction and conversion of natural resources 
for human use. Natural resources can be renewable (i.e., timber or water) or non-
renewable (i.e., aggregates, oil and gas). 
 
Aggregate Extraction, Oil and Gas 
In the Ganaraska River watershed, the Oak Ridges Moraine and the Iroquois 
Plain provide many aggregate resource opportunities. A total of 0.56 km2 or 0.2% 
of the Ganaraska River watershed is defined as an aggregate land use by 2002 
ELC mapping. The Oak Ridges Moraine is composed of high quality aggregate 
resources in the form of sand, with pockets of sand and gravel. The granular 
material contained in the Iroquois Plain region grades from fine sand to crushable 
oversized gravels. The lateral extent and depth of beach deposits are variable. 
There are no bedrock quarries in the Ganaraska River watershed due to the 
thickness of the overburden. 
 
The historical extraction of sand and gravel has left numerous abandoned or 
unused small pit sites in the northern Oak Ridges Moraine and southern sections 
of the Ganaraska River watershed. According to the Ontario Geological Survey 
(1994) records, much of the aggregate resources in this area have been 
depleted. Other aggregate resource areas have been sterilized by the 
construction of Highway 401. Due to the nature and depositional history of the 
area’s geological formations, there is no oil and gas production in the Ganaraska 
River watershed. 
 
All municipalities have requirements on how new aggregate resource sites are 
developed. Many conditions are geared toward the protection of the natural 
environment, agricultural lands and public health and safety. The Oak Ridges 
Moraine Plan contains additional requirements as to which Oak Ridges Moraine 
land use designation aggregate resources can be developed in (i.e., natural 
linkage area and countryside area). Municipalities also have requirements on 
how a licensed aggregate is to close. The Ministry of Natural Resources 
regulates how an aggregate area is to be rehabilitated. 
 



 

___________________________________________________________________ 
Ganaraska River Background Report: Abiotic, Biotic and Cultural Features 203 

 

Forestry 
Forestry resources in the Ganaraska River watershed consist of private forestry 
and harvest operations for personal use (e.g., firewood and lumber). Forest 
resources also provide for aesthetic purposes and food (e.g., fruit, maple syrup 
and nuts). In addition, the Ganaraska Forest (4,200 hectares), is located in the 
headwaters of the Ganaraska River watershed. The production of wood products 
through the implementation of ecologically based resource management 
practices will continue to be an important component of the multiple-use nature of 
the forests. 
 
The historical significance of the forests in the Ganaraska Region Conservation 
Authority was summarized by Richardson (1944).  
 

“Throughout the history of the watershed, the forest has formed a 
“backdrop” for the whole area in all its commercial and community 
life, commencing with the export of masts for the Royal Navy and 
squared timber for the British market, down through the several 
forest products with which we are familiar today, such as lumber, 
shingles, cooperage, fuel, ties, road materials and fencing. Timber 
was responsible for many small industries in the village around 
which the community life centred…. The forest also supplied the 
early settler with maple syrup, potash and tanbark.”  
  

As a result of the strong forest industry in the Ganaraska River watershed, 
logging practices soon deforested the area, along with the conversion of forests 
to agriculture. This prompted Richardson, in his 1944 report, to propose a 
conservation measure to establish a 20,000 acre (8,093 hectare) forest on 
marginal and submarginal lands in the north end of the watershed. This initiative 
was carried out, and as a result, grew into the Ganaraska Forest that we know 
today.  
   
The Ganaraska Forest is a managed forest, which plays an important role in 
maintaining the ecological integrity of the Oak Ridges Moraine and the 
Ganaraska River watershed. The conifer plantations and natural hardwood and 
mixed forests provide stability to the highly erodable sands and gravels of the 
Moraine. The forest also provides continuous water supplies, habitat for a wide 
variety of wildlife species, recreational opportunities for the public, and a 
sustainable flow of forest products for both the domestic and global marketplace. 
 
Approximately 4% or 200 hectares of the forest are selectively harvested each 
year, providing significant revenue to the Ganaraska Region Conservation 
Authority for management of the forest and the delivery of various programs. 
Products removed include sawlogs and utility poles from the conifer plantations, 
and firewood as well as sawlogs and veneer from the natural hardwood stands. 
All trees to be harvested are marked prior to public sale and all cutting operations 
are monitored to insure minimal impact on the forest. 
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5.1.6 Protected Lands 
Certain lands in the Ganaraska River watershed are designated as conservation 
areas that are owned by the Ganaraska Region Conservation Authority (Figure 
5.12). These lands are open to the public and have been created to satisfy many 
objectives. Lands are also owned by the municipality, the provincial government 
and local land trusts for public use and environmental protection. The following 
describes the different protected lands in the Ganaraska River watershed. 
 
Sylvan Glen Conservation Area 
Consisting of flood prone lands, the Sylvan Glen Conservation Area was 
acquired in 1956. The Ganaraska River flows along the northern boundary of this 
2.02 hectare conservation area. Today, the Sylvan Glen Conservation Area is 
used by local residents for swimming, fishing, and the annual Float your Fanny 
Down the Ganny river race starts from the conservation area.  
 
Garden Hill Conservation Area 
The Garden Hill Conservation Area is 52.5 acres (21.2 hectares) in size and is 
situated in the south end of Lots 17 and 18, Concession 8 of Ward 2, Municipality 
of Port Hope. The main feature of the conservation area is the pond, which is 
approximately 35 acres (14.2 hectares). Two streams flow into the pond, Hamill’s 
Creek and Robb’s Creek. An area of 16 acres (6.5 hectares) in the southwest 
corner is dedicated to recreational use and contains the existing facilities.  
 
Originally purchased in 1959, the intent for the land was to reconstruct the 
woollen mill pond that occupied a portion of the property from 1869 to 1911 
(Price and Tedford 1978). The creation of the reservoir in 1960 was hoped to 
regulate stream flow, increase groundwater supply, provide a better habitat for 
game fish and create a recreational resource. Today, the Garden Hill 
Conservation Area provides flood protection and recreational opportunities to the 
Ganaraska River and its residents. 
 
Richardson’s Lookout Conservation Area 
Acquired in 1963, the Richardson’s Lookout Conservation Area is 1.22 hectares. 
Located on the north slope and summit of Dean’s Hill, the lookout sits at an 
elevation of 259 masl (Hewitt and Technician 1978). This location offers visitors a 
225o radius of grand vistas that are spectacular in all seasons. This conservation 
area is a memorial to A. H. Richardson, author of the Ganaraska Watershed 
Report. This is fitting, as the spectacular views are primarily of the Ganaraska 
Forest recommended in the Ganaraska Watershed Report. 
 
Port Hope Conservation Area 
The Port Hope Conservation Area, purchased in 1966, is 36.4 hectares, located 
in the Municipality of Port Hope (Grant 1978). The main branch of the Ganaraska 
River runs through the conservation area, eventually flowing over Corbett’s Dam 
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south of Highway 401. Access to the conservation area is located off Choate 
Road and County Road 28. Historically, the Molson’s Mill pond inundated much 
of the area. Today, the Port Hope Conservation Area provides for recreational 
opportunities such as fishing and canoeing. The annual Float your Fanny Down 
the Ganny river race travels through this conservation area.  
 
Kendal Crown Land 
Kendal Crown Land, also known as the Kendal Recreational Area, is located in 
the Municipality of Clarington. The property is an irregular shape, with portions 
located in Lots 9 to 16 of the 6th Concession (Figure 5.15). The total land area is 
450 hectares. The village of Kendal is located along the northeast border of the 
property, and the Ganaraska River flows in a southeasterly direction across the 
northeastern corner. Historically the area was cleared for agriculture, but was 
abandoned except for pasture land (Dougan 1975). Today, the Reserve consists 
of plantations, open fields and an old mill pond. Passive and active recreation 
occurs in the Kendal Provincial Park Reserve including hiking, nature 
appreciation and hunting.  
 

 
Figure 5.12: Protected lands 
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5.1.7 Green Spaces 
The amount and quality of green space in a watershed directly affect the health 
of a watershed. Green spaces contain permeable surfaces which can influence 
the hydrology of the area, especially in urban areas, and can provide habitat 
suitable to native flora and fauna. However, due to the potential of disturbance in 
these areas and the continuous use of these areas, invasive and exotic species 
have a higher potential of becoming established.  
 
The amount and quality of green space available also have a positive 
relationship with human health and active lifestyles. Having opportunities to enjoy 
the outdoors is an important component of many people’s lives, and can also 
have an indirect benefit of nature appreciation and increased education in local 
watersheds and environments. Activities such as hiking, fishing, skiing, cycling, 
horseback riding, nature appreciation, field sports, golf, and more active activities 
such as four-wheeling and snowmobiling rely on green space. 
 
For the purposes of this study, green space is defined as parkland and natural 
areas. Parkland represents areas that have been created for the purpose of 
providing recreational activities, and include active and passive recreational 
areas as well as existing and planned/proposed areas. Examples of parkland 
include municipal parks and playing fields. Natural areas are areas such as 
forests, wetlands, valleys and stream corridors, which exist or are planned and 
include naturalized areas. Infrastructure corridors such as hydro, utility and 
abandoned rail corridors are included in the green space system as these 
provide passageways (formal or informal) through otherwise impassable areas. A 
green space system can be created by linking these various areas, providing a 
continuous green space system that provides opportunities for wildlife 
movement, increased biodiversity and a connected green space system for the 
use and enjoyment of citizens.  
 
In the Ganaraska River watershed many municipally owned parks exist (Figures 
5.2, 5.3 and 5.4). These include playing fields and green spaces. Specifically, in 
Ward 1 of the Municipality of Port Hope, approximately 83 hectares of natural 
areas occur within ravines and along the Ganaraska River (Elliott 1995). These 
lands are used by the public for recreation and nature appreciation. 
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6.0 Potential Climate Change Effects 
Climate change is defined as a change of climate, which can be attributed 
directly or indirectly to human activity that alters the composition of the global 
atmosphere and which is in addition to natural climate variability, observed over 
comparable time periods (Environment Canada 2006). Climate change is not a 
localized phenomenon. Occurring across the globe, effects have been felt by 
many different ecosystems and in many different countries. The United Nations 
Framework Convention on Climate Change (2008) summarizes global events 
that result from climate change. 
 

• The average temperature of the earth's surface has risen by 0.74oC since 
the late 1800s. It is expected to increase by another 1.8 to 4°C by the year 
2100. Even if the minimum predicted increase takes place, it will be larger 
than any century-long trend in the last 10,000 years.  

• The principal reason for the increase in temperature is a century and a 
half of activities that have increased the amount of greenhouse gases in 
the atmosphere, especially carbon dioxide, methane, and nitrous oxide. 
Such gases occur naturally, keeping some of the sun's warmth from 
reflecting back into space, and without them the world would be a cold and 
barren place. But in augmented and increasing quantities they are pushing 
the global temperature to artificially high levels and altering the climate. 
Eleven of the last 12 years are the warmest on record, and 1998 was the 
warmest year.  

• The current warming trend is expected to cause extinctions. Numerous 
plant and animal species, already weakened by pollution and loss of 
habitat, are not expected to survive the next 100 years. Human beings, 
while not threatened in this way, are likely to face increased difficulties. 
Recent severe storms, floods, and droughts, for example, appear to show 
that computer models predicting more frequent "extreme weather events" 
are on target.  

• The average sea level rose by 10 to 20 cm during the 20th century, and an 
additional increase of 18 to 59 cm is expected by the year 2100. (Higher 
temperatures cause ocean volume to expand, and melting glaciers and ice 
caps add more water). If the higher end of that scale is reached, large 
populations will be displaced, coastal cities will disappear, and freshwater 
supplies will be destroyed for billions of people.  

• Agricultural yields are expected to drop in most tropical and sub-tropical 
regions and in temperate regions too. This will cause drying of continental 
interiors, such as central Asia, the African Sahel, and the Great Plains of 
the United States. These changes could cause, at a minimum, disruptions 
in land use and food supply. And the range of diseases such as malaria 
may expand.  

 
Similar climate change effects are seen in Canada. According to Environment 
Canada (2006), a warming trend of +1.2°C has been identified over the last 58 
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years in Canada (Figure 6.0). The year 2005 had the fifth highest national 
temperature departure since 1948, and 1998 was the warmest year (+2.5°C) 
during that period.  
 

 
 
Figure 6.0: Annual Canadian temperature departures and long-term trend, 1948 
to 2005 
 
Since 1948, average annual temperatures in Ontario have increased as much as 
1.4oC (Chiotti and Lavender 2008). This trend is projected to continue, with the 
most pronounced temperature increases occurring in winter. Projections also 
indicate that intense rainfall events, heat waves and smog episodes are likely to 
become more frequent (Chiotti and Lavender 2008).  
 
Climate change can also be seen through the Cobourg STP Environment 
Canada climate station. Figure 6.1 shows the maximum and minimum daily 
temperature average of a year, and an annual mean air temperature from 1973 
to 2005. There is a significant increase in mean annual temperature since 1973 
(n=31, r=0.53, p = 0.002). Although no study on climate change effects to aquatic 
and terrestrial ecosystems and habitats has occurred in the Ganaraska River 
watershed, predicted changes in Ontario can be used to understand possible 
changes, outcomes and stressors. A glimpse at effects on water quantity has 
been gained through the water budget process (Section 3.5.4) by analyzing 
current water quantity data with Global Climate Change Models. 

(Environment Canada 2006) 
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Figure 6.1: Annual average air temperature at the Cobourg STP Environment 
Canada Station, 1973 to 2005 
 
Within the Great Lakes basin, ecosystems change due to climate change has 
been noted, and is outlined by Chiotti and Lavender (2008). 

• The ice cover season on the Great Lakes has been shortened by about 1 
to 2 months during the last 100 to 150 years. 

• Nearshore lake temperatures have increased at several locations since 
the 1920s. These increases are likely associated with extensive algae 
blooms and invasion of non-native species.  

• Shifts in fish communities are expected to occur with declines in coldwater 
species in the Great Lakes. Warm water species such as bigmouth buffalo 
and flathead catfish are already being seen more frequently in the Great 
Lakes basin.  

• Additional stressors on already fragile habitats such as coastal wetlands 
and terrestrial ecosystems may be unable to maintain their functions 
under increased climate change. 

 
Changes are also expected for water resources in the Great Lakes basin, and 
will affect both groundwater and all surface water sources (Great Lakes, inland 
lakes, rivers, streams and ponds). Table 6.0 outlines possible changes to water 
resources in the Great Lakes basin. Spring freshets and extreme rainfall event 
will also change the way streams respond under a flood. Increasing winter 
temperatures will possibly cause the spring freshet to occur earlier and because 
of more frequent winter thaws the freshet will likely be lower, reducing the risk of 
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spring flooding (Chiotti and Lavender 2008). In addition, projected increases in 
the frequency and intensity of extreme rainfall events will result in increased 
summer flood risks.  
 
Table 6.0: Expected changes to water resources in the Great Lakes Basin 

 
 
 
Many other negative impacts from climate change are predicted to occur (Chiotti 
and Lavender 2008). Risks to human health will come from temperature stress, 
air pollution, extreme weather events, vector and rodent borne disease, water 
borne diseases and Ultraviolet Radiation. Agriculture may see increases in pests 
and diseases, lower livestock productivity and changes in crop production in 
relation to growing seasons. Changes to energy consumption and production will 
occur, as will a decline in shipping and negative impacts on transportation 
corridors through increased temperature and extreme weather events. Finally, 
tourism in southern Ontario is predicted to be effected by milder winters and 
shifts in warm-weather tourism industries.  
 

(Chiotti and Lavender 2008) 
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Climate change presents challenges to Ontario ecosystems, communities and 
economic structure. Although these changes and their magnitude will be variable 
across the province, change will occur. As a result, ecosystems will need to 
adapt in order to survive increases in temperature, extreme weather and stresses 
to habitats (i.e., increases in invasive species and disease). The key to local 
ecosystems, flora and fauna, as well as humans handling changes in climate, is 
resilience and the ability to adapt. By preserving, enhancing and properly 
managing the Ganaraska River watershed, resilient and healthy ecosystems will 
be able to better adapt to changes presented from a changing climate and many 
other current and future stressors.  
 

6.1 Drinking Water Source Protection 
The Ontario government has given Royal Assent to the Clean Water Act, 2006, 
which is aimed at protecting sources of municipal drinking water as part of the 
government’s overall commitment to human health and the environment. A key 
focus of the legislation is the production of locally developed, science based 
assessment reports and protection plans (Ontario Ministry of the Environment 
2007b). The need for legislation such as the Clean Water Act was spurred by the 
tragic events that occurred in Walkerton, Ontario in May 2000 when seven 
people died and thousands became sick from drinking municipal water that was 
contaminated with E. coli.  
 
Assessment reports and protection plans will be written for specific planning 
regions, known as source protection regions or areas. The local source 
protection region, which includes the Ganaraska Region Conservation Authority 
is the Trent Conservation Coalition Source Protection Region (TCC SPR). Under 
the Clean Water Act, the Ganaraska Region Conservation Authority becomes a 
source protection area in the TCC SPR.  
 
The Trent Conservation Coalition Source Protection Region is a grouping of five 
Conservation Authorities that comprises, in most part, the Trent River 
Watershed. The TCC SPR stretches from Algonquin Provincial Park in the north, 
to Lake Ontario and the Bay of Quinte in the south, and includes the Trent River 
watershed, the Wilmot Creek watershed, the Ganaraska River watershed, the 
Cobourg Creek watershed, and several smaller watersheds that empty into Lake 
Ontario and the Bay of Quinte. The Source Protection Region is approximately 
15,000 km2. 
 
Five Conservation Authorities comprise the TCC SPR (beginning from the 
northwest and moving in a general clockwise direction). 

• Kawartha Conservation 
• Otonabee Conservation 
• Crowe Valley Conservation Authority 
• Lower Trent Conservation 
• Ganaraska Region Conservation Authority. 
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For the purpose of drinking water source protection planning, the TCC SPR has 
been enlarged beyond conservation authority jurisdiction to include the entire 
Trent River watershed. This includes the Gull and Burnt River watersheds, lying 
mainly in Haliburton County, as well as additional watershed areas draining 
southward to the Kawartha Lakes in the northern half of Peterborough County. 
Approximately 4,171 km2 outside of conservation authority jurisdiction is included 
in the TCC SPR. 
 
Although source protection plans will be created for a source protection region, 
the planning area of interest is municipal surface water intake zones, wellhead 
protection areas, significant recharge areas and highly vulnerable aquifers. 
These vulnerable areas have been defined using defensible science based 
methods. Intake protection zones are being created for the Municipality of Port 
Hope Water Treatment Plant intake.  
 
While the Ganaraska River watershed plan process is taking place, work under 
the Clean Water Act framework will be occurring. A 24-member source protection 
committee will prepare terms of reference, an assessment report and a source 
protection plan for the Ganaraska Region Source Protection Area. The 
committee membership represents municipalities, farmers, small business 
representatives and a range of other stakeholders in the TCC SPR. Through the 
source protection committee, work will be completed to identify, assess and 
address risks to drinking water within municipal sources (i.e., wellhead and intake 
protection areas). Stakeholders such as local property owners can also 
participate through a number of different mechanisms.  
 
Specifically, the Terms of Reference set out who is responsible for carrying out 
different activities. The terms of reference include strategies to consult with 
potentially affected property owners to involve the public and resolve disputes. 
While the committee creates an assessment report, the committee will identify 
threats, issues and concerns in the planning region. This knowledge will be 
represented as implementation actions within the source protection plan. 
 
As described by the Ontario Ministry of the Environment (2007b), source 
protection plans will generally be implemented through existing regulatory 
requirements or approvals, zoning by-laws, official plan amendments, education 
or voluntary initiatives. Source protection committees may decide that existing 
programs and activities, voluntary or otherwise, may not be enough to address 
some significant threats to municipal drinking water supplies. 
 
If a scientific assessment shows that an activity poses a significant risk to a 
drinking water source, an approved source protection plan may restrict or limit 
certain activities on properties located in designated wellhead protection areas 
and intake protection zones. Activities that pose a significant risk to drinking 
water sources may be prohibited or may require a risk management plan before 
they can be carried out.  
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The source protection plan may be very similar to the Ganaraska River 
Watershed Plan, but will differ in the fact that the source protection plan 
addresses issues surrounding municipal water sources, whereas the watershed 
plan will address watershed-wide ecosystem based concerns and issues. Plan 
implementation may occur simultaneously in some instances, when the action 
will protect similar resources or environmental features and achieve similar 
outcomes. While working with municipalities, the Ganaraska Region 
Conservation Authority will strive to reduce duplication between the plans and the 
resultant implementation tools and resources.  
 

6.2 Lake Ontario 
Lake Ontario is the final receiving lake in the Great Lake drainage basin, before 
water flows through the St. Lawrence River to the Atlantic Ocean (Figure 6.2). 
Lake Ontario is bounded by the Province of Ontario in Canada, and New York 
State and Pennsylvania State in the United States of America (Figure 6.3). With 
a total drainage area to Lake Ontario of 64,030 km2, New York State has the 
largest drainage area to Lake Ontario (35,000 km2), followed by Ontario (29,100 
km2) and Pennsylvania State (300 km2 – upper Genesee River).  
 
Lake Ontario is the smallest of the Great Lakes, with a surface area of 18,960 
km2 (7,340 square miles), but it has the highest ratio of watershed area to lake 
surface area. It is relatively deep, with an average depth of 86 metres and a 
maximum depth of 244 metres, second only to Lake Superior (Environment 
Canada et al. 1998). Approximately 80 percent of the water flowing into Lake 
Ontario comes from Lake Erie through the Niagara River. The remaining flow 
comes from Lake Ontario basin tributaries (14%) and precipitation (7%). About 
93 percent of the water in Lake Ontario flows out to the St. Lawrence River; the 
remaining 7 percent leaves through evaporation (Environment Canada et al. 
1998).  
 
In 1987, the governments of Canada and the United States made a commitment, 
as part of the Great Lakes Water Quality Agreement, to develop a Lakewide 
Management Plan for each of the five Great Lakes. The Lake Ontario Lakewide 
Management Plan is a binational, cooperative effort to restore and protect the 
health of Lake Ontario by reducing chemical pollutants entering the lake and 
addressing the biological and physical factors impacting the lake (Environment 
Canada 2008). 
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Figure 6.2: Great Lakes drainage basin 

 
 
Figure 6.3: Lake Ontario drainage basin 

(Great Lakes Information Network 2008) 

(Environment Canada et al. 2008) 
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Environment Canada et al. (2008) acknowledges the importance of watershed 
management to the health of Lake Ontario. A binational work plan for 2007 to 
2011 recommends working with Conservation Authorities within the Lake Ontario 
basin to identify and promote watershed management strategies (Environment 
Canada et al. 2008) that will benefit and enhance Lake Ontario. In addition, many 
projects are currently being carried out in the Ganaraska River that will benefit 
the health and sustainability of Lake Ontario.  
 
Water quality in the Ganaraska River is being studied in relation to storm events. 
The results of this study will be used to understand land uses in relation to water 
quality, and implement stewardship to improve water quality during storm runoff. 
In 2008, the Ministry of the Environment conducted a nearshore survey in Lake 
Ontario along and near the Ganaraska River outlet. This will aid the Ganaraska 
Region Conservation Authority in understanding the effects of the Ganaraska 
River on the nearshore area of Lake Ontario. 
 
The Lake Ontario fishery is dependent on its tributaries for spawning and rearing 
habitat. Despite the trend of resource exploitation in the 1800s, there was a shift 
in a resource management in the mid 1900’s when the Great Lakes Water 
Quality Agreement (between the United States and Canada) was signed in 1972. 
This agreement sparked a renewed interest in restoring the Lake Ontario 
ecosystem (Smith 1995). By the mid-1900’s few sports fishing opportunities 
existed and non-native salmonids were introduced in an attempt to restore 
biological balance and promote the creation of a fishery in Lake Ontario. Fish 
stocking and sea lamprey control conducted since the 1970s resulted in an 
increased abundance and diversity of fish (Smith 1995).  
 
It is envisioned that the Ganaraska River watershed background document and 
management plan, as well as the Ganaraska River Fisheries Management Plan 
will provide needed information into the Lake Ontario Lakewide Management 
Plan, and management initiatives carried out on a watershed scale will benefit 
the health and sustainability of Lake Ontario. 
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ACRONYMS AND GLOSSARY 
 
ANSI  Area of Natural or Scientific Interest 
AVI  Aquifer Vulnerability Index  
CEQG  Canadian Environmental Quality Guidelines 
CGCM Canadian Global Climate Model 
CN  Curve Number 
CNSC  Canadian Nuclear Safety Commission 
COSEWIC Committee on the Status of Endangered Wildlife in Canada 
COSSARO Committee on the Status of Species at Risk in Ontario 
CWQG Canadian Water Quality Guidelines 
DA  Dissemination Area 
ELC  Ecological Land Classification 
EPT  Ephemeroptera, Trichoptera and Plecoptera 
GCM  Global Climate Models 
GIS  Global Information System 
GRCA  Ganaraska Region Conservation Authority 
GRWQMN Ganaraska Water Quality Monitoring Network 
ISI  Intrinsic Susceptibility Index  
LLRW  Low Level Radioactive Waste 
LTWMF Long-term Waste Management Facility 
NHIC  Natural Heritage Information Center 
OFAT  Ontario Flow Assessment Technique 
ODWS Ontario Drinking Water Standard 
OMAFRA Ontario Ministry of Agriculture, Food and Rural Affairs 
(O)MNR Ontario Ministry of Natural Resources 
(O)MOE Ontario Ministry of the Environment 
OSAP  Ontario Stream Assessment Protocol 
PGMN Provincial Groundwater Monitoring Network 
PHAI  Port Hope Area Initiative 
PPS   Provincial Policy Statement 
PTTW  Permit to Take Water 
PWQMN Provincial Water Quality Monitoring Network 
PWQO Provincial Water Quality Objective 
TCC SPR Trent Conservation Coalition Source Protection Region 
TSS  Total Suspended Solids 
YPDT-CAMC  York, Peel, Durham, Toronto, Conservation Authorities Moraine Coalition 
 
Units 
cfu/100 ml colony forming units per 100 milliliters 
cms  cubic meters per second 
g/L  grams per litre 
L/D  litres per day 
masl  meters above sea level 
mg/L  milligrams/litre 
μs/cm  micro siemens per centimetre 
μg/L  micrograms per litre 
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Glossary 
 
Anthropogenic: human induced or caused.7 
Aquifer: A water bearing formation that is capable of transmitting water in 
sufficient quantities to serve as a source of water supply.4 
Aquitard: A low-permeability unit that contains water but does not readily yield 
water to pumping wells. Aquitards can restrict contaminant movement.4 
Artesian aquifer: An aquifer that contains water under pressure resulting in a 
hydrostatic head above ground level.4 
Baseflow: Streamflow that results from groundwater seeping into a stream.4 
Baseflow represents the discharge of groundwater to streams, supports flow in 
dry weather. The flow of streams composed solely of groundwater discharge.5 
Bedrock: A general term for any consolidated rock.4  
Capture Zone: The area surrounding a well that will supply groundwater to that 
well when pumped at a specified rate for a specified period of time.2 

Cold Water Species/Habitat: Species with narrow thermal tolerance levels that 
are usually restricted to cold, highly oxygenated water. The temperature range 
for these species is from 10ºC to 18ºC.9 
Community: An assemblage of interacting populations living in a particular 
locale.5 
Confined aquifer: An aquifer that is bound above and below by deposits with 
significantly lower hydraulic conductivity.4 
Confluence: The location where one stream flows into another.5 
Contaminant: An undesirable chemical or biological substance that is not 
normally present in groundwater, or a naturally occurring substance present in 
unusually high concentrations. Common contaminants include bacteria and 
viruses, petroleum products, chlorinated substances, pesticides, nitrates and 
salt.2 
Discharge: The volume of water that passes a given location within a given 
period of time.1 
Drainage basin: The land area which contributes runoff to streams, rivers and 
lakes. Also called a watershed or catchment area.4 
Drawdown: A lowering of groundwater levels caused by pumping. The 
difference between the static water level and the pumped water level.4 
Drumlin: Oval hills of glacial till with smooth convex contours. In any areas the 
drumlins all point in the same direction, which is considered to be the direction of 
movement of the glacier, which formed them.3   
Evapo-transpiration: The combined loss of water to the atmosphere from land 
and water surfaces by evaporation and from plants by transpiration.4 
Floodlines: Lines on a watershed map depicting regional flow conditions based 
on a specific historical event (i.e., Hurricane Hazel).12 
Floodplain: The area, usually low lands adjoining a watercourse, which has 
been or may be subject to flooding hazards.12   
Fluvial: Of or belonging to rivers.12 
Gauging station: The site on a stream, lake or canal where surface water data 
is collected.4 
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GIS (Geographic Information System): A map based database management 
system, which uses spatial reference system for analysis and mapping 
purposes.4 
Glaciofluvial: Pertaining to glacial meltwater streams and their sedimentary 
deposits.4 
Glaciolacustrine: Pertaining to lakes adjacent to glaciers and fed by glacial 
meltwater.4 
Gravel: Rock particles between 4 mm and 76 mm in diameter.4 
Groundwater flow: The movement of water through the pore spaces of 
overburden material or through faults and fractures in bedrock.4 
Groundwater model: A computer model in which groundwater flow is 
characterized by numerical equations. 
Groundwater recharge: The inflow to a groundwater reservoir.4 
Groundwater reservoir: An aquifer or aquifer system in which groundwater is 
stored.4 
Groundwater storage: Groundwater stored in aquifers.4 
Groundwater: Water occurring in the zone of saturation in an aquifer or soil.4 
Hardness: A measure of the concentration of divalent cations in water, (mainly 
calcium and magnesium).4 
Headwaters: The origins of streams and rivers.12 
Hummocky Topography: Pertaining to an area where the topography is 
undulatory with a predominance of closed depressions that minimize surface 
water runoff and enhance groundwater infiltration.4 
Hydraulic Conductivity: A measure of the ability of groundwater to flow through 
(the subsurface environment) or (a soil or rock formation).2 
Hydraulic gradient: The rate of change in total head per unit of distance in the 
direction of flow. The slope on a water surface such as the water Table or 
potentiometric surface.4 
Hydrogeology: The study of water below the ground surface.12 
Hydrology: The study of surface water flow systems.12 
Hydrograph: A graph that shows water level as a function of time.4 
Hydrologic cycle: The circulation of water in and on the earth and through the 
atmosphere through evaporation, condensation, precipitation, runoff, 
groundwater storage and seepage, and re-evaporation into the atmosphere.4 
Hydrostrati-graphic unit: A formation, part of a formation, or group of 
formations with similar hydrologic characteristics that allow for grouping into 
aquifers and confining layers.4 
Infiltration: The flow of water from the land surface into the subsurface.4 
Irrigation: The controlled application of water through man-made systems to 
supply water requirements not satisfied by rainfall.4 
Macroinvertebrates: organisms with no backbone that are greater than 2 mm in 
size. Generally refers to Benthic organisms such as insects and mollusks.6 
Manure: The fecal and urinary matter produced by livestock and poultry.4 
Nitrate (NO3): An important plant nutrient and inorganic fertilizer.In water, the 
major sources of nitrates are septic tanks, feed lots and fertilizers.4 
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Non-point source contaminant: Contamination, which originates over large 
areas.4 
Oak Ridges Moraine: A knobby ridge of sand deposited at the edge of a glacier 
by escaping meltwater; the Oak Ridges Moraine was formed by the Simcoe and 
Lake Ontario Ice Lobes meeting.3 
Ontario Drinking Water Objectives: (ODWO): A set of regulations and 
guidelines developed by the Ontario government to help protect drinking water 
sources.5 
Piezometer: A pipe installed in the ground and used to measure water levels 
and collect water.4 
Pool: A section of a stream where the water has a reduced velocity, often with 
water deeper than the surrounding areas.6 
Pore space: The open space between mineral grains in a porous material.4 
Provincial Groundwater Monitoring Network (PGMN): A groundwater 
monitoring program operated with the Ontario Ministry of the Environment to 
record groundwater level changes over time, record groundwater quality and 
quantifies groundwater-surface water interactions.5 
Provincial Water Quality Monitoring Program (PWQMN): A water chemistry 
monitoring program operated by the Ontario Ministry of the Environment in 
cooperation with municipal governments and agencies.5 
Provincial Water Quality Objectives (PWQO): numerical criteria that act as 
chemical and physical indicators for a satisfactory level of surface water quality to 
protect all forms of aquatic life.8 
Potable water: Water that is fit to drink.4 
Precambrian: The period of geologic time that precedes the Cambrian Period 
(2,500 to 4,500 million years ago).4 
Quaternary: Geologic period spanning the last 1.8 million years and 
characterized by alternating glacial and interglacial climates.It is divided into the 
Pleistocene and Holocene epochs.11 
Recharge area: Areas where the water is absorbed into the ground and added 
to the zone of saturation.4 
Redd: trout and salmon nest 
Riffle: A section of the stream with turbulent flow, usually with gravel, cobble or 
boulder bed material. Riffle sections are between pools and have faster moving 
water.6 
Riparian Area: the land adjacent to a watercourse that is not normally 
submerged, which provides an area for vegetation to grown as a buffer to the 
land use alongside to the stream. It acts as a transitional area between aquatic 
and terrestrial environments, and is directly affected is affected by that body of 
water.6 
River basin: The area drained by a river and its tributaries.4 
Runoff: Water that reaches surface watercourses via overland flow.4 
Sand: Sedimentary particles ranging from 0.074 mm to 4 mm in diameter.4 
Saturated zone: A subsurface zone in which openings in a soil or rock formation 
are filled with water.4 
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Settlement Areas: Urban areas and rural settlement areas within municipalities 
(such as cities, towns villages and hamlets) where development is concentrated 
and a mix of land uses are present and have been designated in an official plan 
for development. Where there are no lands that have been designated, the 
settlement areas may be no larger than the area where the development is 
concentrated.10 
Silt: Sedimentary particles ranging from 0.054 mm to 0.002 mm in diameter.4 
Specific capacity: The amount of water pumped from a well divided by the 
drawdown in the well. It is a measure of productivity of the well.4 
Streamflow: The surface water discharge that occurs in a natural channel.4 

Subwatershed: A geographical area defining a single drainage zone within the 
watershed.5 

Surface runoff: Water flowing over the land surface in streams, ponds or 
marshes.4 
Surface Water: Includes water bodies (lakes, wetlands, ponds, etc.), 
watercourses (rivers and streams), infiltration trenches and temporary ponds.2 
Till: unsorted or very poorly sorted sediment deposited directly from glacier ice. 
Tills usually have a fine fraction - known as the matrix - with particles ranging 
from sand to clay size, and a coarse or clast fraction with pebble- to boulder-
sized material.4 
Time of Travel: The length of time it takes groundwater to travel a specified 
horizontal distance.2 
Topography: The physical features, especially the relief and contours of the land 
surface.4, 2 
Transpiration: The process by which water vapour escapes from living plants, 
principally the leaves, and enters the atmosphere.4 
Turbidity: The amount of solid particles that are suspended in water and 
produce a cloudy appearance.4 
Unconfined aquifer: An aquifer whose upper boundary is the water Table.4 
Unsaturated zone: A soil or rock zone above the water Table, extending to the 
ground surface, in which the pore spaces are only partially filled with water.4 
Warm Water Species/Habitat: Warm water habitat is classified as waters with 
temperatures above 25oC.Warm water species are tolerant to these water 
conditions.9 
Water balance: The accounting of water input and output and changes in 
storage of the various components of the hydrologic cycle.4 
Water budget: A summation of input, output, and net changes to a particular 
water resources system over a fixed period of time.4 
Water Table: The top of the saturated zone in an unconfined aquifer.4 
Watershed: The land within the confines of drainage divides.4 
Wellfield: An area containing more than one pumping well that provides water to 
a public water supply system or single owner (i.e.,, Municipality).2 
Well ead Protection Area: The area surrounding a well through which 
contaminants are reasonably likely to move toward and eventually reach the 
water well.2 
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Zone of saturation: The space below the water Table in which the pore spaces 
are filled with water.4 
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