





Figure 4.20: Forests
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Table 4.4: Forest types

ELC Defined Forest Type Percentage
Coniferous Forest 8
Deciduous Forest 2

Mixed Forest 12

Cultural Plantation 1

Cultural Woodlands 0.8

Thicket Swamp 0.4
Coniferous Swamp 6
Deciduous Swamp 0.3

Mixed Swamp 3

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
dominant. Now this community type is rare and vastly under-represented. It has
therefore become a conservation concern, and some mature woodlands 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.

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 only 23% of the total forest cover in the
Graham Creek watershed is forest interior (Figure 4.21). Of this, 4% is deep
interior forest, considered to be the area beyond 200 m from the inner forest
edge. Much of the interior forest is associated with treed swamps.
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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.

Table 4.5: Wildlife use of various forest patch sizes

Area| Forest/Treed Swamp

lha | =
(]
(]

4ha | m

10ha | »

30ha | m

Edge tolerant marnmals {Gray Squirrel )
Common edpge-tolerant birds {Blue Jay, Amertcan Crow)

A few birds may be assoclated with mature trees (Black-capped
Chickadee, Eastern Wood-Pewee)

A very few common edgeolerant brds (Downy Woodpecker,
Creat Crested Flycatcher)

Eastern Chipmunk may be present

SHIl dorninated by edoe-tolerant spectes may have very siall
areas of interior habitat supporting low numbers of modestly area-
sensitive spectes (Hatry Woodpecker, White-breasted Nuthatch)

May be large enough to support some specles of salamander

Small populations of edge-ntolerant spectes (Winter Wren,
Erown Creeper, Black-and-White Warbler)

S0to | m

u Some will be absent if there 15 no nearby suftable habitat

A vartety of area-sensitive spectes may be present; some will
be absent if there 1s no nearby suttable habitat

Still predominantly edge mfluenced, but will support small
populations of most forest bird spectes

All forest-dependent bird species

Many will still be i low numbers and may be absent if there
1s no nearby suttable habitat

Woodland Jumping Mouse may be present

75 ha
[ ]
10to | =
400ha | 4
[ ]
1000 ha | =
[ ]
10000 [ =
ha

Suitable for almost all forest birds
Some forest-dependent mamimals present, but most still absent

Almost fully functtonal ecosystem, but may be inadequate
for a few mammals such as Gray Wolf and Bobeat (100 000 ha
has been sugpested as a mintmuom)

(Environment Canada 2005c)

Table 4.6: Anticipated response by forest birds to size of largest forest patch

Size of Largest Forest Patch

Response by Forest Associated

200 ha

Will support 80 percent of edge-intolerant spectes including most area-sensitive species.

100 ha

Will support approvimately 60 percent of edge-intolerant specles ineluding most
area-sensitive spectes,

30 - 75 ha

Will support some edge-ntolerant spectes, but several will be absent and edge-tolerant
species will dominate.

20 - 50 ha

May support a few area-sensitive spectes but few that are intolerant of edge habitat.

<20 ha

Dominated by edge-tolerant species only.

(Environment Canada 2005c¢)
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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, caution 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? At 35% forest cover in the Graham Creek watershed, is a case in point.

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.

Graham Creek Background Report: Abiotic, Biotic and Cultural Features 159



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 Graham
Creek, the forest cover is fairly even in its distribution, although there is less in
the vicinity of Newcastle. However, even distribution of patches can mean
smaller and less connected patches overall. In fragmented landscapes there is
always room for improvement in habitat cover, even if there is already more than
the minimum standard. In short, although Graham Creek watershed has a good
amount of forest relative to the 30% guideline and this cover is well distributed,
there is still need for improvement in patch size, shape, connectivity. 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 Graham Creek 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 19™ and early 20™ centuries, however today, bird species
associated with grassland habitat in Ontario appear to be declining (Cadman et
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).

Cultural meadows/grasslands make up 7% of the landscape in the Graham
Creek 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 that occurred from retired
agricultural lands and other land that has been left fallow.

Cultural savanna and thickets make up 4% (1% and 3% respectively) of the
watershed. Cultural savannas contain between 25% and 35% tree cover, have a
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large portion of non-native plant species, and result from or are maintained
through human 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
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
advantageous to invest more in prairie restoration than in maintaining unnatural
old field habitats.

4.1.4 Wetlands

Wetlands make up 10% of the Graham Creek watershed. Based on the ELC
wetlands include meadow marsh, shallow marsh, deciduous swamps, coniferous
swamps, mixed swamps, thicket swamps and bogs. 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.
Three large wetland complexes exist in the Graham Creek watershed and are
recognized by the province as significant (see Sections 4.1.7 and 4.1.8 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 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.
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Figure 4.22: Wetlands
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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 wetland
types in the Graham Creek watershed, and locations are shown in Figure 4.22.

Table 4.7: Wetland types
ELC Defined Wetland Type Percentage

Meadow Marsh 0.7
Shallow Marsh 0.2
Coniferous Swamp 6
Deciduous Swamp 0.3
Mixed Swamp 3
Thicket Swamp 0.4

Swamps are the most abundant wetland type in southern Ontario, and in the
Graham Creek 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 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 larger populations, thus more species.

Depending on the terrain and geology, swamps contribute to aquatic habitats as
well. Swamps provide groundwater discharge areas, providing an instream
temperature regime required by native Brook Trout and other cold water 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.

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 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.
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Vernal pools can have a similar function to swamps, but on a smaller scale.
These are 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 the location of marshes 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 and 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, which would suggest that the Graham Creek watershed in good
shape. However, historically watersheds may have had more or less than 10%.
The capacity for natural wetlands is based largely on topography and soils. In
short, rather than see an increase in wetland cover of a certain percent, 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 Graham Creek watershed.
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Table 4.8: Wildlife use of various swamp and marsh sizes

Area| Forest/Treed Swamp Marsh
1 ha Edge tolerant mammals (Gray Squirrel) Small populations of Muskrat
Common edge-tolerant birds (Blue Jay, American Crow) Edge-tolerant birds (Red-winged
4 few birds may be assoctated with mature trees (Black-capped Blackbird, Canada Goose, Mallard)
Chickadee, Eastern Wood-Pewee) Persistent and cormmon herpetofauna
(such as Green Frog and Midland
Painted Turtle
4 ha A very few common edge-tolerant birds (Downy Woodpecker, Stmflar spectes as above, but may
Great Crested Flycatcher) also support Bullfrog
Eastern Chipmunk may be present
10 ha Still domminated by edee-tolerant spectes may have very siall May support Marsh Wren, other
areas of intertor habitat supporting low numbers of modestly area- waterfow] species
sensitve spectes (Hatry Woodpecker, White-breasted Muthatch)
30 ha May be large enough to support some species of salamander stmilar marsh bird spectes as above,
Small populations of edge-ntolerant spectes (Winter Wren, plus possibly Black Tem
Brown Creeper, Black-and-White Warbler)
50 o A vartety of area-sensttive species may be present; some will Least Bittern may be present in

75 ha be absent 1f there 1s no nearby suttable habitat marshes of this size

Sl predominantly edge tnfluenced, but wAll support small
populattons of most forest bird spectes

Some will be absent if there 1s no nearby suttable habitat

100 to All forest-dependent bird spectes Small numbers of diving ducks possible
400 ha Many will still be m low numbers and may be absent if there {e.g., Redhead, Camvashack,
1s no nearby suitable habitat ) Fuddy Duck)
Woodland Jumping Mouse may he present
1.000 ha Suttable for almost all forest birds All marsh spectes, although some may
Some forest-dependent mammals present, but most still absent still have small populatons
10 000 Almost fully functional ecosystem, but may be inadequate Fully-functional ecosystem

ha for a few mammals such as Gray Wolf and Bobeat (100 000 ha
has been suggested as a mintmuom)

(Environment Canada 2005c)

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:

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

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

e 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. 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.
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Table 4.9: Provincially listed Species at Risk within the Ganaraska Region
Conservation Authority

Scientific Name Common Name COSSARO COSEWIC
Status 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 Ganaraska Region
Conservation Authority, can work with government authorities and landowners on
stewardship measures to enhance protection for these species.

It is important to keep in mind that although Species at Risk are designated
based on their national or provincial status, 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. The habitats that support these
should also be identified, along with any opportunities to protect them.

Finally, given the proximity to such a large body of water as Lake Ontario, all
natural habitats in the Graham Creek watershed — particularly those in the
southern portion - can have an elevated value as seasonal stopover habitats for
migratory birds and Monarch Butterflies. For example, large numbers of
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individuals may wait for days at a time for optimum conditions to cross the lake,
or require opportunities to feed and rest having crossed the lake on the journey
north.

4.1.6 Invasive Species

In terrestrial habitats in the Graham Creek 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.

Dog-strangling Vine is spreading rapidly in the Ganaraska Region Conservation
Authority. 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.

Another invasive plant species that is relevant to the Graham Creek watershed is
Himalayan Balsam (Impatiens glandulifera). This plant is found in ditches in the
Port of Newcastle and is moving in to the eastern edge of the Port of Newcastle
marsh. This plant can form dense thickets, displacing native wetland species.

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 determining Areas of Natural
and Scientific Interest (ANSI) and provincially significant wetlands (PSW) (Figure
4.22). At present, the Ontario Wetland Evaluation System is used in conjunction
with provincial scoring criteria to identify provincially significant wetlands and
wetland complexes.
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Environmentally Sensitive Areas (ESA) in the Graham Creek watershed was
identified by the Ganaraska Region Conservation Authority during preparation of
the 1983 Watershed Plan Resource Inventory. Lands were determined to be
sensitive to disturbances from intensive land use such as urban development. A
classification scheme was developed to determine the sensitivity based on soil
erosion potential, presence of wetlands or recharge areas and wildlife production
capability (Ganaraska Region Conservation Authority 1983). The ESAs identified
in Figure 4.23 were classified as a medium environmental sensitive area based
on the defined classification.

Clarke Summit Wetland Complex (PSW) and Clare Summit Swamp (ANSI)
The Clarke Summit Wetland Complex is a provincially significant wetland
complex, made up of 11 individual wetlands. These wetlands are composed of
swamps (99%) and marsh (1%). Totalling 146 hectares, the dominant vegetation
is deciduous trees, tall shrubs and coniferous trees (Natural Heritage Information
Centre 2008).

In the Clarke Summit Wetland Complex, 118 hectares is designated as the
Clarke Summit Swamp ANSI. The physical setting of the Clarke Swamp ANSI is
a shallow basin of poorly drained clay and silt which is seasonally flooded. On
the east side of the basin is a small drumlin and a portion of its west flank forms a
part of the ANSI. Other adjacent terrain is flat to rolling. A low ridge defines the
western edge of the basin and the ANSI, and west of that ridge, several sand and
gravel pits are present (Natural Heritage Information Centre 2008).

Port Newcastle Coastal Wetland

The Port Newcastle coastal wetland is a provincially significant wetland complex
comprised of seven individual wetlands. These wetlands consist of two types,
42.5% marsh and 57.5% swamp (Natural Heritage Information Centre 2008). The
dominant vegetation types are deciduous tress and narrow-leaved emergent
plants. See Section 4.1.8 for more information.

Graham Creek Headwater Wetland Complex (PSW and ANSI)

The Graham Creek Headwater Wetland is a provincially significant complex
made up of 42 individual wetlands and two wetland types, 85% swamp and 15%
marsh (Natural Heritage Information Centre 2008). The dominant vegetation type
is deciduous trees and tall shrubs. The total area of the wetland complex is 295
hectares. Of this, 200 hectares is designated an Area of Natural and Scientific
Interest.
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Figure 4.23: Provincially Significant Wetlands, ANSI and ESA
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4.1.8 Coastal Wetlands

This section, including the Figure, has been taken with some adaptations from
Environment Canada — Ontario Region (Canadian Wildlife Service) and Central
Lake Ontario Conservation Authority 2004.

Port Newcastle Marsh is characterized as a drowned river mouth and is
approximately 8 hectares in size. Drowned river mouth wetlands form where a
river enters a lake, representing a zone of transition from stream to lake. These
wetlands are characterized by meandering stream channels that are back-
flooded during high lake levels (Environment Canada — Ontario Region
(Canadian Wildlife Service) and Central Lake Ontario Conservation Authority
2004b). The wetland is flanked by residential development and a marina has
replaced its southern portion (Figure 4.24). Graham Creek feeds into the
wetland, supplying water that carries some excess nutrients but is quite clear and
able to support a highly diverse community of aquatic macroinvertebrates. Many
crustaceans and molluscs are common. Of particular interest were the high
numbers of sensitive insect larvae, including caddisflies, mayflies, and
dragonflies. Sediments are generally of good quality overall, despite slightly
elevated pesticide residue.

The disturbance-sensitive Northern Leopard Frog occurs here. Other amphibian
species that use the wetland in good numbers included American Toad and
Green Frog. Port Newcastle Marsh has a limited capacity to support breeding
bird species because of its small size. Nonetheless the area-sensitive Swamp
Sparrow was present. In addition, the wetland appeared to support common
marsh users such as Red-winged Blackbird and the not-so-common Great Egret.

With macroinvertebrate, bird, and amphibian communities in good condition, one
would expect the fish community to be in good condition. Unfortunately, this does
not appear to be the case. The fish community at the Port Newcastle Marsh
resembled other impacted fish communities in the Regional Municipality of
Durham coastal wetlands, illustrated by the deficiency of piscivores. In addition,
the wetland appeared to support only a few native fish species and low numbers
of important species such as Yellow Perch.
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Figure 4.24: Port of Newcastle Marsh
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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 watershed in a localized manner.

5.1.1 Municipal Populations and Growth

Graham Creek flows through Ward 2 of the Municipality of Port Hope (formally
Hope Township) in Northumberland County, and the Municipality of Clarington
(formally Clarke Township) in the Regional Municipality of Durham, (Figure 5.0).
In the Graham Creek watershed, 7 km? or 8.5% 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. The settlement area in Graham Creek includes Starkville, Crooked
Creek, Brownsville and Newcastle. According to the 2006 Statistics Canada
Census, there are 3,538 people living in the Graham Creek watershed, at a
density of 46 people/km?.

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 has designated Greenbelt planning
areas in the Graham Creek watershed (Figure 5.0). The provincial Places to
Grow Act, 2005 has identified no urban growth centres in the Ganaraska Region
Conservation Authority or in the Graham Creek watershed. In addition the Oak
Ridges Moraine Conservation Act, 2001 has provided further development
directions in the Oak Ridges Moraine in the Graham Creek watershed (Figure
5.1).

Nevertheless, given its proximity to the Greater Toronto Area, the Ganaraska
Region Conservation Authority watersheds, including Graham Creek 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. Municipal official plans also direct growth in the particular
municipality.

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
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Northumberland County is expected to be 108,188 people (Northumberland
County 2005).

Municipality of Port Hope

The Municipality of Port Hope was formed from the amalgamation of the Town of
Port Hope and Hope Township 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 km? (Statistics Canada 2007; Figure 5.2). The Municipality of Port
Hope is contained within 12% of the Graham Creek watershed. The population
has increased from 15,605 in 2001 to 16,390 in 2006, with a current population
density of 58.8 people/km? (Statistics Canada 2007). It is estimated that 77% of
the population of the Municipality of Port Hope resides in Ward 1 (Strategic
Projections Incorporated 2002). The projected population growth in Ward 1 is
found in Table 5.0.

Regional Municipality of Durham

The Regional Municipality of Durham is the upper tier region that encompasses
the Municipality of Clarington. 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 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 5.3 and 5.4). The Municipality of Clarington is
contained within 88% of the Graham Creek watershed. 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/km? (Statistics Canada 2007). The 2006 population of Ward 4, of the
Municipality of Clarington, was 13,773 people. The population is expected to
grow within 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).

Table 5.0: Municipal population projection

Region Census Population
Population Projections
2006 2011 2016
Ward 4, Municipality of 13,773 15,380 19,720
Clarington *
Municipality of Port Hope B 17,039 16,926 16,476

A Municipality of Clarington 2006
B Strategic Projections Inc 2002
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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. Figure 5.1 and 5.2 portray the
locations of employment, commercial and institutional designated areas,
identified tourism sites (e.g., parks), agricultural lands and aggregate-licensed
areas.

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 (Figure 5.3). The Municipality of Port
Hope contains 2,500 acres of industrial land exists and currently 47
manufactures are located in the municipality (Municipality of Port Hope 2006). In
Graham Creek these large industrial areas do not exist, however private
businesses and industries are in operation. These include auto wreckers,
recycling facilities, concrete and landscaping businesses, tourism, agriculture
and recreation facilities.

Commercial use of groundwater and surface water exists in the Graham Creek
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 Graham Creek watershed.
Based on 2002 ELC mapping, agricultural land use covers 47% of the Graham
Creek watershed (Figure 5.5). As indicated by Statistics Canada’s 2006 census,
agricultural production types and intensities varies throughout the Municipality of
Clarington, however crop production prevails over livestock production (Statistics
Canada 2008). Table 5.1 contains a breakdown of agricultural land use in the
Municipality of Clarington in the Graham Creek watershed?.

? Statistics are not reported for the Municipality of Port Hope or Northumberland County, given
the smaller land base within these municipalities, and the similar local agricultural practices
between the Regional Municipality of Durham and Northumberland County.
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Please note that only portions of the Municipality of Clarington and Regional
Municipality of Durham 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. Similarly statistics are not
available on a scale smaller that an entire municipality. However, activities are
assumed to be constant across the municipality.

Table 5.1: Agricultural land use in 2006

Region Number of Land Farmed
Farms (Hectare)

Regional Municipality of Durham * 1,686 132,212

Municipality of Clarington * 437 33.074

A — Only a portion of these areas are found in the Ganaraska Region Conservation
Authority and the Graham Creek watershed.
(Statistics Canada 2008)

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.

Crops and Livestock

Crops, including produce, are grown on 92,454 hectares of land in the Regional
Municipality of Durham. The five most predominant field crops grown in the
Regional Municipality of Durham 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). Yet, many other field crops are grown
throughout the Graham Creek watershed.

Produce is also grown in both the Regional Municipality of Durham. A total of 683
hectares of fruit is produced, consisting predominantly of apples, raspberries,
strawberries and grapes (Statistics Canada 2008). In 2006, major field vegetable
crops grown in the Regional Municipality of Durham included sweet corn,
tomatoes, pumpkins, and green or waxed beans. These crops were grown on
848 hectares of land (Statistics Canada 2008). Many other vegetable and fruit
varieties are grown throughout the Graham Creek watershed; there are also
floriculture (flowering plants), nursery, and sod production operations.

The Regional Municipality of Durham, 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 Graham
Creek watershed including goats, horses, and bees (Statistics Canada 2008).
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Dairy and beef cattle production are the predominant livestock raised in the
Graham Creek watershed.

Agricultural Conservation Measures

In 2006, 13 farms in the Regional Municipality of Durham were reported as
certified organic producers (Statistics Canada 2008) and additional 128 were
reported as uncertified organic producers. Soil conservation is widely practised
throughout the area, helping to mitigate soil erosion and surface runoff and to
increase soil and crop productivity (Table 5.2). Many farmers in the Graham
Creek 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

Activity Number of Farms Reporting
Total number of farms reporting 1,686
Crop rotation 917
Winter cover crops 206
Rotational grazing 554
Buffer zones around riparian areas 385
Windbreaks or shelter belts 511
Green manure crops for plough-down 316

* In the Regional Municipality of Durham

Agricultural production in the Ganaraska Region Conservation Authority and the
Graham Creek 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 to crop production. The recent 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 more 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.
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Transportation and Transmission Line Corridors

Provincial highways, Regional Roads, as well as local roads in the Graham
Creek watershed are shown in Figure 5.5. Highway 401 and Regional Road 2
are the east-west transportation roads. Major north-south transportation corridors
include Regional Road 18. The CPR and CNR railroads run west to east along
the south half of the Graham Creek watershed (Figure 5.6). Many hydro corridors
and stations exist in the Graham Creek watershed mainly running in a west to
east direction and along transportation routes (Figure 5.6). The Enbridge Gas
Line runs east-west through the Concession 3 of the Graham Creek watershed
(Figure 5.3).

Roads are managed for the safe passage of people and goods. Provincial and
municipal road standards direct the construction of roads, maintenance of
existing roads and access to roads by private driveways. Roads can cause
negative impacts on local streams in regards to stream crossings. Culverts are
used to allow for surface water to drain under a road in such a way that running
water does not causing road flooding or damage. Many culverts however are
aging, and as a result of improper construction, or erosion have become
perched. Perched culverts create a barrier to fish movement, since there is a
vertical distance between the stream bottom and the bottom of the culvert at its
downstream end. Roads also restrict the movement of stream channels.
Naturally, a stream channel meanders through the creek valley and over time
changes its position. With the placement of a culvert, the stream can not move
naturally.

In the Graham Creek watershed, 20 perched culverts have so far been identified.
Some culverts, due to their size, do not allow for the passage of woody debris, a
necessary component of a healthy aquatic ecosystem. In addition, stream road
crossings, and side roads are easy access point for illegal garbage dumping.
This negative social action contaminates the local watershed with household
garbage and hazardous waste such as electronics, tires, and appliances.
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Figure 5.6: Transportation corridors
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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 and
Highway 115) in the Graham Creek watershed. The Regional Municipality of
Durham are responsible for regional roads, and the Municipality of Clarington is
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.

The Regional Municipality of Durham is responsible for Regional Roads 2 and
18, and follows a salt management plan to ensure that environmental regulations
are followed when applying winter material and disposing of snow. No snow and
sand dome are located in the Graham Creek watershed.

The Municipality of Clarington conducts winter road maintenance using a salt
management plan (Municipality of Clarington 2005). The Municipality maintains a
sand/salt mixture to between 10 and 15% ratios. One snow dump exists in
Newcastle, with a capacity of 10,000 metric tonnes, which is located in the
Graham Creek watershed (Municipality of Clarington 2005).

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 Graham Creek watershed. Three known historic landfills are located in
Graham Creek. The Laidlaw Waste System landfill is located on 27.13 hectares
of land with a filled area of 8.1 hectares (Marshall Macklin Monaghan Limited
1989). This landfill is located between Stapleton Road and Reid Road, south of
Concession Road 4. During the mid 1950s landfilling started on the site which
was previously used for gravel extractions, and filling continued until the early
1990s (Marshall Macklin Monaghan Limited 1989). The landfill accepted
residential, commercial and non-hazardous solid waste. The other two landfills
are detailed in Table 5.3.

Table 5.3: Historic landfills in the Graham Creek watershed

Landfill Name Date of Operation Size of Landfill Size of Filling
Area

Harold W. Couch C of Alissued in 1974, 1.21 ha 0.81ha

Landfill Site site closed in 1976

Clarke Township C of A expired in 1971 4.04 ha 2.02ha

Landfill

(Municipality of Clarington, Personal Communications, 2007 — Data from 1991)
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Water Treatment Plants and Private Wells

Figure 5.7 shows the municipal water serviced areas in the Graham Creek
watershed. The Newcastle Water Supply System, operated by the Regional
Municipality of Durham draws water from Lake Ontario to be treated for drinking
water. The maximum daily permitted water taking from Lake Ontario is 8,180
m>/d. The communities of Newcastle and Newtonville are serviced by the
Newcastle Water Supply System. This area represents a serviced population of
7,846 people. The rest of the population in the Graham Creek watershed, not
serviced by municipal water systems, relies on private water supply wells for
drinking water (Figure 5.8. These wells draw water from either overburden or
bedrock aquifers.

Wastewater Treatment

There is one wastewater treatment plant in the Graham Creek watershed, the
Newcastle Wastewater Treatment Plant, which outlets into Lake Ontario (Figure
5.9. The rest of the population in the Graham Creek watershed rely on private
septic systems. Currently, there is no specific data available about the number,
concentrations, and other information of septic systems in the Graham Creek
watershed.

Stormwater Management

Stormwater management facilities are normally associated with urban areas of
the Graham Creek watershed where runoff is directed toward ponds, creeks and
infiltration trenches. In rural areas, most of the runoff from roads and residential
areas is directed toward ditches and other 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
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)

Four Storm Water Management Plans exist in the Graham Creek watershed.
One pond exists in the Port of Newcastle, two in the Dunbury Subdivision and
one in the Estate subdivision. These ponds are used for water quality control, not
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all ponds are used for quantity control since the water is discharged into Lake
Ontario, where quantity is not an issue. Limited long term management strategies
have been developed for these ponds.

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.
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Figure 5.7: Water treatment plant
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Figure 5.8: Private water supply wells
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Figure 5.9: Wastewater treatment system
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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 (e.g., timber or water) or
non-renewable (e.g., aggregates, oil and gas).

Aggreqgate Extraction, Oil and Gas

In the Graham Creek watershed the Iroquois Plain provide many aggregate
resource opportunities (Figure 5.10). A total of 0.1 km? or 0.1% of the Graham
Creek watershed is defined as an aggregate land use by 2002 Ecological Land
Classification Mapping. The granular material contained in the Iroquois Plain
region grades from fine sand to crushable, oversized gravels. The lateral extent
and depths of beach deposits are variable. There are no bedrock quarries in the
Graham Creek watershed due to the thickness of the overburden. Due to the
nature and the depositional history of the area’s geological formations, there is
no oil and gas production in the Graham Creek 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 (e.g., 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.

Forestry
Forestry resources in the Graham Creek watershed consist of private forestry

operations and the harvest operations for personal use (e.g., firewood and
lumber). Forest resource is also used for aesthetic purposes and food (e.g., fruit,
maple syrup and nuts). There are no large scale harvest operations in the
Graham Creek watershed.
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5.1.6 Conservation Areas

Certain lands in the Ganaraska Region Conservation Authority are designated as
conservation areas. These properties are owned by the Ganaraska Region
Conservation Authority and managed in cooperation with local municipalities.
These lands are open to the public and have been created to satisfy many
objectives. Objectives may include flood protection, mitigation, habitat creation,
public education, and recreation. Currently, there are no Conservation Areas in
the Graham Creek watershed.

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 course, and more active
activities such as ATVing 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 Graham Creek watershed there are three parks that are operated and owned
by the Municipality of Clarington. These include the Bond Head Boat Launch,
Walbridge Park, Brownsdale Community Hall.
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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.

e The average temperature of the earth's surface has risen by 0.74°C 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.

e 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.

e 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.

e The average sea level rose by 10 to 20 cm during the 20" 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.

e 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.
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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
1.4°C (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 locally through the local 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 Graham Creek 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.
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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).

e 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.

e 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.

e 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 events
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

Hydrological Expected changes in the 21st century, Great
parameter Lakes basin

Runoff « Decreased annual runoff, but increased winter runoff

« Earlier and lower spring freshet {the flow resulting
from melting snow and ice)

« Lower summer and fall low flows
« Longer duration low flow periods

« Increased frequency of high flows due to extreme
precipitation events

Lake levels « Lower net basin supplies and declining levels due to
increased evaporation and timing of precipitation

« Increased frequency of low water levels

Groundwater « Decreased groundwater recharge, with shallow
recharge aquifers being especially sensitive

Groundwater « Changes in amount and timing of baseflow to
discharge streams, lakes and wetlands

Ice cover « Ice cover season reduced, or eliminated completely
Snow cover « Reduced snow cover (depth, areas, and duration)

Water temperature  « Increased water temperatures in surface water
bodies

Soil moisture « Soil moisture may increase by as much as 80
percent during winter in the basin, but decrease by
as much as 30 percent in the summer and fall

(Chiotti and Lavender 2008)

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 the southern Ontario is predicted to be effected by milder winters and
shifts in warm-weather tourism industries.
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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 Graham Creek 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 comprise 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
Ganaraska River watershed, Wilmot Creek watershed, 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 km?.

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.

Graham Creek Background Report: Abiotic, Biotic and Cultural Features 200



For the purpose of drinking water source protection planning, the TCC Source
Protection Region 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 km? outside of conservation
authority jurisdiction is included in the Trent Conservation Coalition Source
Protection Region.

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 groundwater recharge areas and highly vulnerable
aquifers. These areas have been defined using defensible science based
methods. The Newcastle Water Supply System have been studied as part of
drinking water source protection and the Orono Water Supply System has had
wellhead protection zones delineated for the purpose of protecting the sources of
the municipal water supply. See section 3.3.2 for more detail on this study.

While the Graham Creek 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 in 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 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
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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.

The source protection plan may be very similar to the Graham Creek 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 km?, New York State has the
largest drainage area to Lake Ontario (35,000 km?), followed by Ontario (29,100
km?) and Pennsylvania State (300 km? — upper Genesee River).

Lake Ontario is the smallest of the Great Lakes, with a surface area of 18,960
km? (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 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 in 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 Graham Creek that will benefit the
health and sustainability 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 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 sport 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). To aid in the reduction of sea lamprey, a lamprey
weir was installed and is operated near the outlet of Graham Creek.

It is envisioned that the Graham Creek watershed background document and
management plan, as well as the Graham Creek Fisheries Management
Background Document and 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

AES
ANSI

AVI
CGCM
COSEWIC
COSSARO
CWQG
DA

DEM

ELC

EPT
GCM

GIS
GRCA
GRWQMN
LIDAR
NHIC
OFAT
ODWS
OMAFRA
(O)MNR
(O)MOE
OSAP
PGMN
PPS
PTTW
PWQMN
PWQO
SWM
TCC SPR
TSS
YPDT-CAMC

Units
cfu/100 ml
cms

g/L

L/D

masl

mg/L
us/cm
ng/L

Atmospheric Environment’s

Area of Natural or Scientific Interest
Aquifer Vulnerability Index
Canadian Global Climate Model

Committee on the Status of Endangered Wildlife in Canada

Committee on the Status of Species at Risk in Ontario
Canadian Water Quality Guidelines

Dissemination Area

Digital Elevation Model

Ecological Land Classification

Ephemeroptera, Trichoptera and Plecoptera

Global Climate Models

Global Information System

Ganaraska Region Conservation Authority
Ganaraska Water Quality Monitoring Network

Light detecting and Ranging

Natural Heritage Information Center

Ontario Flow Assessment Technique

Ontario Drinking Water Standard

Ontario Ministry of Agriculture, Food and Rural Affairs
Ontario Ministry of Natural Resources

Ontario Ministry of the Environment

Ontario Stream Assessment Protocol

Provincial Groundwater Monitoring Network
Provincial Policy Statement

Permit to Take Water

Provincial Water Quality Monitoring Network
Provincial Water Quality Objective

Storm Water Management

Trent Conservation Coalition Source Protection Region
Total Suspended Solids

York, Peel, Durham, Toronto, Conservation Authorities Moraine Coalition

colony forming units per 100 milliliters
cubicmetres per second

grams per litre

litres per day

meters above sea level
milligrams/litre

micro siemens per centimetre
micrograms per litre
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Glossary

Anthropogenic: human induced or caused.’

Aquifer: A water bearing formation that is capable of transmitting water in
sufficient quantities to serve as a source of water supply.*

Aquitard: A low-permeability unit that contains water but does not readily yield
water to pumping wells. Aquitards can restrict contaminant movement.*
Artesian aquifer: An aquifer that contains water under pressure resulting in a
hydrostatic head above ground level.*

Baseflow: Streamflow that results from groundwater seeping into a stream.*
Baseflow represents the discharge of groundwater to streams, supports flow in
dry weather. The flow of streams composed solely of groundwater discharge.’
Bedrock: A general term for any consolidated rock.*

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 10°C to 19°C.°

Commsunity: An assemblage of interacting populations living in a particular
locale.

Confined aquifer: An aquifer that is bound above and below by deposits with
significantly lower hydraulic conductivity.*

Confluence: The location where one stream flows into another.’

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
virusZes, petroleum products, chlorinated substances, pesticides, nitrates and
salt.

Discharge: The volume of water that passes a given location within a given
period of time.”

Drainage basin: The land area which contributes runoff to streams, rivers and
lakes. Also called a watershed or catchment area.*

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.?

Evapo-transpiration: The combined loss of water to the atmosphere from land
and water surfaces by evaporation and from plants by transpiration.*
Floodlines: Lines on a watershed map depicting regional flow conditions based
on a specific historical event (i.e., Hurricane Hazel)."?

Floodplain: The area, usually low lands adjoining a watercourse, which has
been or may be subject to flooding hazards.'?

Fluvial: Of or belonging to rivers.'?

Gauging station: The site on a stream, lake or canal where surface water data
is collected.*

GIS (Geographic Information System): A map based database management
system, which uses spatial reference system for analysis and mapping
purposes.”
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Glaciofluvial: Pertaining to glacial meltwater streams and their sedimentary
deposits.*

Glaciolacustrine: Pertaining to lakes adjacent to glaciers and fed by glacial
meltwater.*

Gravel: Rock particles between 4 mm and 76 mm in diameter.*

Groundwater flow: The movement of water through the pore spaces of
overburden material or through faults and fractures in bedrock.*

Groundwater model: A computer model in which groundwater flow is
characterized by numerical equations.

Groundwater recharge: The inflow to a groundwater reservoir.*
Grounﬁiwater reservoir: An aquifer or aquifer system in which groundwater is
stored.

Groundwater storage: Groundwater stored in aquifers.’

Groundwater: Water occurring in the zone of saturation in an aquifer or soil.*
Hardness: A measure of the concentration of divalent cations in water, (mainly
calcium and magnesium).*

Headwaters: The origins of streams and rivers.'?

Hydrogeology: The study of water below the ground surface.’

Hydrology: The study of surface water flow systems.?

Hydrograph: A graph that shows water level as a function of time.*
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.*
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.*

Infiltration: The flow of water from the land surface into the subsurface.*
Irrigation: The controlled application of water through man-made systems to
supply water requirements not satisfied by rainfall.*

Macroinvertebrates: organisms with no backbone that are greater than 2 mm in
size. Generally refers to Benthic organisms such as insects and mollusks.®
Nitrate (NO3): An important plant nutrient and inorganic fertilizer. In water, the
major sources of nitrates are septic tanks, feed lots and fertilizers.*

Non-pfint source contaminant: Contamination, which originates over large
areas.

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.?

Ontario Drinking Water Objectives: (ODWO): A set of regulations and
guidelines developed by the Ontario government to help protect drinking water
sources.’

Piezometer: A pipe installed in the ground and used to measure water levels
and collect water.*

Pool: A section of a stream where the water has a reduced velocity, often with
water deeper than the surrounding areas.®
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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.’

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.’

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.

Potable water: Water that is fit to drink.*

Precambrian: The period of geologic time that precedes the Cambrian Period
(2,500 to 4,500 million years ago).*

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."’

Recharge area: Areas where the water is absorbed into the ground and added
to the zone of saturation.*

Riffle: A section of the stream with turbulent flow, usually with gravel, cobble or
bouldeﬁr bed material. Riffle sections are between pools and have faster moving
water.

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 tegrestrial environments, and is directly affected is affected by that body of
water.

Sand: Sedimentary particles ranging from 0.074 mm to 4 mm in diameter.*
Saturated zone: A subsurface zone in which openings in a soil or rock formation
are filled with water.*

Settlement Areas: Urban areas and rural settlement areas in 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.

Silt: Sedimentary particles ranging from 0.054 mm to 0.002 mm in diameter.*
Streamflow: The surface water discharge that occurs in a natural channel.*
Subwatershed: A geographical area defining a single drainage zone in the
watershed.’

Surface runoff: Water flowing over the land surface in streams, ponds or
marshes.*

Surface Water: Includes water bodies (lakes, wetlands, ponds, etc.),
watercourses (rivers and streams), infiltration trenches and temporary ponds.?
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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.*

Topography: The physical features, especially the relief and contours of the land
surface.*

Transpiration: The process by which water vapour escapes from living plants,
principally the leaves, and enters the atmosphere.*

Turbidity: The amount of solid particles that are suspended in water and
produce a cloudy appearance.’

Unconfined aquifer: An aquifer whose upper boundary is the watertable.*
Unsaturated zone: A soil or rock zone above the watertable, extending to the
ground surface, in which the pore spaces are only partially filled with water.*
Warm Water Species/Habitat: \Warm water habitat is classified as waters with
temperatures above 25°C.Warm water species are tolerant to these water
conditions.’

Water balance: The accounting of water input and output and changes in
storage of the various components of the hydrologic cycle.*

Water budget: A summation of input, output, and net changes to a particular
water resources system over a fixed period of time.*

Watertable: The top of the saturated zone in an unconfined aquifer.*
Watershed: The land in the confines of drainage divides.’
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