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Our hope is that pre-settlement mapping will help encourage many people to appreciate the natural vegetation of the
land they live on and respect every last remnant of natural vegetation left from woodlands, single trees to hedgerows. By
appreciating the past and recognizing its sign with the present landscape, it will not only help to protect the remnant
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vegetation, but also motivate a desire to go further and try to recreate some vegetation diversity and abundance of the
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past. We hope that pre-settlement mapping will not only help with future restoration of natural vegetation and species
that are declining, but also those that are perceived to be common on the landscape .
Danijela Puric-Mladenovic
Contact
d.puric@utoronto.ca
http://forests-settled-urban-landscapes.org/
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Introduction
To respond to the past and existing pace of environmental changes in working / developed landscapes, such
as those of southern Ontario, it is not enough to just conserve and manage existing natural cover, it is
necessary to plan for the future one too. Southern Ontario landscapes need careful spatial planning of
natural resources as well as strategically-based rehabilitation and restoration. To properly plan and manage
forests and other natural vegetation, an understanding of its past and thus the landscape potential is vital. As
such, this baseline condition provides a critical reference condition for assessing natural vegetation
biodiversity and can be used to provide conservation evidence for informed decisions making in resources
management and land use planning. In addition, through this mapping, urbanized populations that have
become increasingly isolated from natural environment, could learn about the history of the land and
natural environment they live in. This can help both decision makers and the public to build a sense of
awareness and understanding of the landscape that the first nations and the first settlers encountered two
centuries ago and of how it has changed over time.
Spatially mapped historical vegetation is vital for helping to appreciate the landscape that existed prior to
the arrival of the first settlers, and it helps to understand why certain species decreased while others
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increased. It also gives an understanding of the origins and reasons for the present distribution and
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representation of vegetation on the landscape and helps to predict and shape the direction of future
vegetation growth.
The public’s perception of existing landscape and natural vegetation conditions is based on present
conditions. Given the length of the average human lifespan, it is difficult for anyone to appreciate the
sweeping changes in amount and distribution of vegetation that have occurred over the last two centuries in
southern Ontario. Maps of pre-settlement vegetation distribution can serve as powerful, visual, education
and communication tools. Combined with existing vegetation and land use mappings, pre-settlement
vegetation maps are informative for professionals involved in conservation, natural resource management,
land use planning and the general public.
In addition, in human impacted landscapes, where natural vegetation cover has been changed spatially,
structurally, and compositionally and where the natural vegetation competes with other land uses, novel
vegetation types and introduced species, it is necessary to know the vegetation reference condition. Basing

forest and landscape conservation just on the existing forest cover could be misleading in terms of the
historical and natural context (Jennings 2000). For example, if the maple-beech-basswood forest represents
80% of the existing forest cover then one might conclude that it should not be a target for conservation.
However, if we know that this 80% represents just 5% of its reference distribution, then this forest type
should become a target for conservation.
If land managers, decision-makers, and the public have no information and knowledge about what the forest
was like before, what it could be, and what the forest's current state is, they will accept the current state as
an upper threshold, which could lead to further forest loss and degradation. In particular, in the face of
climate change, it is necessary to look beyond the current state and the existing vegetation, and plan for the
future by increasing the amount vegetation cover and its biodiversity. This report outlines some of the
specific applications of historical vegetation maps and their diverse use from restoration, forest conservation

Natural History of the Region of Peel
The Regional Municipality of Peel is located on the northern shore of Lake Ontario in Central Ontario. It
extends north to the Counties of Dufferin and Simcoe and is bordered on the west by Wellington and
Halton Regions where the Region of York and City of Toronto adjoin it on the east. The total land area of
the region is 1,243 square kilometers, of which about 32 % is farmland, about 19% forest and woodland
cover and 3% wetlands, while the rest is developed land. The present day boundary of the Region of Peel
includes the original geographic townships: Caledon, Albion, Chinguacousy, Toronto Gore, Toronto, and
smaller portions of Trafalgar and Etobicoke (Figure 1). These geographic townships formed and directed
the original land surveying and settlement of the region and adjacent areas.
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and management to land use planning.
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FIGURE 1. TOWNSHIPS OF PEEL REGION

Physiography and Topography
The Niagara escarpment dissects Peel Region into two more or less distinct physiographic areas (Figure 2).
Immediately south and east of the escarpment is interpolate Oak Ridges Moraine, with steep irregular
topography (Hoffman and Richards, 1953). In Albion Township it buries all but the top of the escarpment.
The area of the Region south of the escarpment are south slopes and Peel plain, that together make more
or less smooth plain sloping gradually towards Lake Ontario. The altitude in this area varies from 76 meters
at the lakeshore to 305 meters at the lower edge of the escarpment. Southern part of the region, next to the
lake Ontario is Iroqua plain.
The landscape north of the escarpment, composed of Guelph drumlin field, Hilbourug Sandhills and
Horseshoe Moraine, is rugged area dissected by moderate to steep slopes. The altitude rises sharply from

305 meters at the base of the escarpment to 427 meters at the top. The highest point of land occurs in the

FIGURE 2. PHYSIOGRAPHIC REGIONS OF PEEL

Geology
Like the rest of southern Ontario, Peel’s physiography and surficial geology were formed by the glacial
forces of the Wisconsin glacial episode and its postglacial lakes. The late-Wisconsin Laurentide ice sheet
ground across the southern Ontario landscape (Sharpe et al.1999a, 1999b). While this ice sheet advanced
and retreated it was eroding the bedrock and depositing till, in the period between 70,000 and 15, 000
years ago. Underneath these glacial sediments are the relatively flat-lying Paleozoic rocks that underlie not
just Peel, but also southern Ontario and Lake Ontario. In the region of Peel, the palaeozoic bedrock is
overlain by till deposits that are typically 25 to 30 m thick.
A large part of the region is covered by drift deposited by melting ice of the Wisconsin Glaciation. In some
areas the deposit of drift over the underlying bedrock is thin, particularly in the southern and northwestern
part of the region. The drift deposits appear to contain a fairly large proportion of fragments from the
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northern corner of the Region where the altitude is 472 meters.
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underlying bedrock (Hoffman and Richards, 1953).The unsorted material deposited by ice, generally
referred to as till, is an accumulation of particles of all possible sizes from clay and silt to sand and gravel
with a varying proportion of stones and boulders . There are five types of till in the County: open limestone
till, medium textured limestone till, loamy limestone till, fine textured shale and limestone till. The first
type is the coarse, open limestone till which occurs in small areas in the northern part of the County,
particularly in the district south of Mono Mills. The medium textured limestone till occurs most commonly
in Caledon Township. The loamy limestone till materials, made of shale and limestone materials, occurs in
the Kilmanagh district. Finally fine textured shale and limestone till are the dominant component of soil
material found in Peel Region.
In addition to till, the region has poorly sorted glacio-fluvial sands that occupy a large area in the northern
part of the area. A large area of the northwestern part of the Region is occupied by the well sorted gravel
and smaller areas of well sorted sands occur throughout the Region. A portion of present day Mississauga
(Toronto Township), present day Caledon (Toronto Gore and Albion Townships) was covered by glacial
Lake Peel for a period of time. This has resulted in the deposition of shallow lacustrine material over the
clay till. Exposed bedrock and shallow soils over-bedrock occur mainly in the southern and western part of
the Region. Organic deposits occur in small areas, scattered chiefly over the northern part of the Region
Historical vegetation mapping for the Region of Peel, April, 2012

(Hoffman and Richards, 1953).
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Soils
Geology along with climate, topography, erosion and vegetation define soils in the Region. The two great
soil groups: the Grey- Brown Podzolic, and the Dark Grey Gleisolic Great Soil Groups are dominant in the
Peel Region (Hoffman and Richards 1955)
The Grey-Brown Podzolic soils were developed from calcareous materials and under forest they may have a
layer of partially decomposed litter from deciduous trees. The surface soil (A horizon) is generally 7.5 to 10
centimeters thick, is dark grayish brown to very dark brown in color, moderately friable, slightly to
moderately acid and moderately high in organic matter. The B horizon is darker brown in color than the A
horizon and it contains more clay and sesquioxides than any other horizon in the profile. It is generally
slightly acid to neutral in reaction. Finally the C horizon is light grayish brown calcareous parent material
(Hoffman and Richards, 1953).

The Dark, Grey Gleisolic soils have developed under poorly drained conditions. They have a dark, friable,
granular surface layer, generally 10 to 15 cm thick which is underlain by a mottled brownish grey subsoil
that gradually grades into the parent material. In comparison to the well-drained soils that have uniformly
brownish or yellowish brown sub-soils the poorly drained soils have rusty specks and streaks and bluish grey
colors in the subsoil (Hoffman & Richards, 1953). The A horizon is an accumulated layer of partially
decomposed leaf litter. The G Horizon consists of brownish grey mottled mineralized layer and finally the
C horizon consists of grayish brown calcareous parent material.
In addition to these two main soil groups, organic and alluvial soils are found across the region. Organic
soils are found in poorly drained depressions and seepage areas. Depth or organic soils ranges from 30 to
over 90 cm and more, and based on the decomposition of organic matter they can be “Bog” or “Muck” soils
with decomposed organic matter to peat soils that have less or poorly decomposed organic matter. Alluvial
soils occur on river and stream flood plains. These are typically young soils, formed by fluvial deposition.
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While they don’t have typical soil horizons, they have layers of different structure as a result of periodic
flooding.
Soils and Agriculture
The soils that have developed on similar parent material, have different profile characteristics caused by
differences in drainage and relief. These differing characteristics created varying conditions for different
types of farming and agriculture, and thus intensity of forest clearing. Peel Region soils are differentiated
according to soils materials (Figure 3) and drainage as follows: Soils developed on course, open limestone
with good drainage are good for general agriculture such as growing cereals, legumes, hay and pastures.
Soils developed on loamy limestone with good to imperfect drainage were good for pasture (dairy, beef)
and general farming. Soils developed on medium textured shale and limestone till with good to imperfect
drainage is good for general farming from cereals, legumes to dairy and beef. Soils developed on fine
textured limestone and shale till with good to imperfect drainage is good for general and dairy farming.
Soils developed on poorly sorted sands with good drainage can be used for general farming and soils
developed on well sorted sands are only suited for cash crops such as potatoes, corn and peas. Fox sandy
loam occurs in sloping topography and is well suited for specialized crops such as fruit trees, vegetables and
small fruits. Fox sand with imperfect drainage is also good for growing specialized crops like fruit trees and
Historical vegetation mapping for the Region of Peel, April, 2012

vegetables. The development of soils on well sorted gravel with good drainage is mainly used for dairying
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and general farming whilst poorly drained soils can only be used for pastures and woodlots. Soils developed
on sands underlain by clay till with good drainage are good for general farming and dairying. Finally soils
formed over grey shale with good to imperfect drainage can be used for general farming however only
mediocre yields can be obtained due to shallowness and drought characteristics of the soils (Hoffman and
Richards, 1953).
Climate
Similar to the rest of southern Ontario, the climate of the region of Peel is characterized by a combination
of uniform precipitation year-round and moderated temperatures in winter and summer. Long growing
seasons with a good amount of annual precipitation make southern Ontario's and thus Peel’s climates one of
the most suitable in Canada for both agriculture and human settlement. However, on a more local scale, the
variations in topography, proximity to lakes and larger water bodies, and the prevailing movement of air,

place the region of Peel over two climatic zones: the Simcoe and Kawartha Lakes zone and the South Slopes
zone (Brown et al. 1968).
General climatic characteristics of the region are described using information on climate variables from
Brown et al. (1968), Agriculture and Agri-Food Canada (1997), Marshall et al. (1999). According to these
sources, the northern parts of the region are cooler, and receive more precipitation. The south, and the
southwestern part, in particular, have slightly higher annual average temperatures but receive less
precipitation during the year. The mean annual temperature in the southern part of the Region is slightly
higher than in the northern part. Climate shows strong annual temperature cycles, with warm summers
(average maximum temperature of about 260C) and cold winters (average minimum temperature of 110C).Within the land between these two climatic zones, there are local variations mainly caused by

Hydrology
In Peel, the major watersheds are defined by the Credit River, Humber River, Etobicoke Creek, Mimico
Creek and their tributaries.Most of the Credit River watershed’s 1,070 square kilometers fall within the
political boundaries of the Region of Peel (the Peel Water Story Report,2006),
The Humber watershed is the second largest watershed within the Region of Peel. Encompassing 908
square kilometers, it is nearly as large as the Credit watershed. The main branch of the Humber travels 100
km from its headwaters in the Oak Ridges Moraine all the way south to Lake Ontario. The river system is
composed of 750 streams in total, which together form 1,800 km of tributaries. The main branch of the
Humber River is within Peel, where it passes through the communities of Bolton and Palgrave. Etobicoke
and Mimico Creek watersheds are situated beside one another and in between the Credit and Humber
watersheds and are Peel’s third and fourth major watersheds. While wetlands once covered about 15% of
Peel Region prior to European settlement, today about 3% of Peel is wetland .The most significant lake for
the region is Heart Lake, a kettle lake situated in the centre of Peel Region, in the city of Brampton. The
lake is associated with a wetland complex making the whole area more ecologically and hydrological
significant
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topography and proximity to water bodies.
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Ecoregions and natural vegetation
The Region of Peel falls within two ecoregions: Lake Erie Lowland (deciduous forest region or Hills’ site
region 7E), and Manitoulin-Lake Simcoe (mixed forest region or Hills’ site region 6E) (Hills 1952, 1959;
Rowe and Sheard 1981; Wiken 1986; Wiken et al. 1996; Marshall et al. 1999). Distinctive combinations of
regional ecological factors such as climate, physiography, vegetation, soil, water, and fauna identify these
two ecoregions (Figure 4).The boundary between The Lake Erie Lowland ecoregion and The ManitoulinLake Simcoe ecoregion goes roughly through the middle of the Region of Peel, and passing roughly through
Brampton area. The Lake Erie Lowland ecoregion (Southern Great Lakes) stretches from Windsor and the
Niagara Peninsula to Toronto, and is dominated by deciduous forests. The natural forest vegetation of the
ecoregion consists predominantly of sugar maple (Acer saccharum) and beech (Fagus grandifolia). However,
basswood (Tilia americana), white elm (Ulmus americana), red oak (Quercus rubra), white oak (Quercus alba),
and ash (Fraxinus spp.) become important co-dominant species, depending on site moisture and
microclimate. Late-seral vegetation (vegetation under normal climate and soil moisture conditions) is
characterized by sugar maple and beech. On drier and warmer sites, other forest types dominated by oak
species (Quercus spp.) occur. Drier and cooler sites are characterized by hemlock (Tsuga canadensis), beech,
yellow birch (Betula alleghaniensis), and white pine (Pinus strobus). Wetter sites are occupied by elm (Ulmus
Historical vegetation mapping for the Region of Peel, April, 2012

spp.), ash, red maple (Acer rubrum), eastern cottonwood (Populus deltoides), and silver maple (Acer
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saccharinum). Wet, cold sites are predominated by balsam fir (Abies balsamea, white spruce (Picea glauca),
and red spruce (Picea mariana). Most of this ecoregion within Peel is urbanized, with some remnant
agricultural land intersected by roads and individual housings. The remnant forests are fragmented,
structurally and compositionally changed from their historical condition, and surrounded by development
(Puric-Mladenovic, 2003).

The Manitoulin-Lake Simcoe ecoregion, characterized by mixed forest, extends eastward from Manitoulin
Island to Kingston. This ecoregion represents a transitional, mixed-wood forest that lies between the boreal
forest to the north and the broadleaf deciduous forest to the south. It is characterized by a blend of
coniferous, deciduous and mixed forests. Pure coniferous forests occur on cooler sites with less favorable
soils. They are composed mainly of eastern hemlock, pine (Pinus spp.), but also white spruce and balsam
fir. On wet and cooler sites balsam fir, white spruce, black spruce, and tamarack (Larix laricina) can be
found. These coniferous species are often mixed with deciduous trees, such as yellow birch, sugar maple,
red maple, red oak, and American beech. Pure deciduous stands occur on better sites with good soil
conditions. For example, American beech occurs in this region, but prefers warmer sites, whereas red oak
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and white pine favor drier sites. Sites with poorer drainage are dominated by red maple, elms, eastern
cottonwood, and ashes. Eastern white cedar (Thuja occidentalis) in this ecoregion, occurs in wet depressions
and near streams, but also on drier sites. Sugar maple, beech, eastern hemlock, red oak, and basswood
characterize the late-seral stage vegetation of the ecoregion (Puric-Mladenovic, 2003).
Non-forest natural vegetation of the area is characterized by non-treed wetlands and marshes. In the
region, there are some remnant oaks that represent traces of prairie or prairie-like conditions that used to
occur in the southern part of the region.

History of European settlement in the region
Before the first European settlement in southern Ontario in the mid-1700s, the Mississaugas were native to
the northern shores of Lake Ontario. They had migrated earlier to the south from Georgian Bay in search of
more hunting and fishing grounds. They were heavily involved in fur trade with the French until the late
1700s when the United Empire Loyalists came from the United States to escape the American Revolution
(An Exploration of our Heritage, 2003). European settlement of the Peel region started with a government
building that was constructed, following orders of Governor Simcoe, at the mouth of the Credit River in

Historical vegetation mapping for the Region of Peel, April, 2012

1798. The building was constructed in the only tract of land on the north shore of Lake Ontario retained by
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Mississaugas (Figure 5) and served also as a post and a tavern on the route between York (Toronto) and
Niagara. This route through the Mississauga Tract known today as the “The Dundas” was earlier
commissioned by Simcoe as a military road in 1793. At that time, it was just a trail surrounded by sea of
forest and trees.

Before 1805, the Mississauga people resided on a small piece of land surrounding the Credit River known as
Mississauga Tract where the only sign of European settlement was “the Dundus” route and the government
building at the mouth of the Credit River (Figure 5). However, after the Treaty in 1805 and selling their
hunting and fishing lands to the British, the former Mississauga Tract was divided into three townships:
Toronto (Mississauga), Trafalgar, and Nelson.
By 1819 the entire area of the region of Peel land was ready for settlers to move in. Early settlers first
entered Toronto Township, present day Mississauga, in 1808, and the four remaining Townships of
Caledon, Chinguacousy, Albion and Toronto Gore started to be settled in 1819. The Centre Road
(presently Hurontario Street) was surveyed in 1918 and served as main land development driver. It divided
the region in two parts, and as such it was used to identify location of lots and positions of farms east or
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west of it. The initial urban development in the region followed the Centre Road and started from Port
Credit, northward to Brampton and Caledon.
As the Mississauga people were left without any land, they were given a parcel of land that was about 80
hectares. The parcel was north of the Credit River Mouth, covered in forest that they started clearing to
gain workable land for producing food to sustain their population. In 1825, this native peoples’ settlement
was established as the Mississauga’s village. For some time the village was thriving, had a church and a mill.
However, as the entire Peel and landscape around their parcel changed and became more hostile, with less
forest cover and more homestead around their parcel; and due to their population decline, and the fact that
they did not have a legal deed for land, the Mississauga people moved out of Peel in 1847.
By the time the Mississauga left Peel, the Region was wholly settled and already became an agricultural
center in the area. By mid 1800s, Peel region had become a strong agricultural area due to its central
location, productive soils and moderate climate. The rapid settlement of the area was also driven by close
proximity to Toronto, and accessibility of the area via Lake Ontario and the Credit River. The full
settlement of the area happened fast and only within about 25 years. As a result of this the most abrupt
changes to landscape, forests and natural vegetation were happening between 1805 and 1835. This was a
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period of Peel’s deforestation, which has left permanent marks on the present landscape.
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Prior to European settlement, the land that is presently the Region of Peel, was predominantly forested
with some marshes in lower, slow draining sites and areas bordering water bodies and rivers, while prairie
savannah was occurring on sandy soils closer to the lake Ontario shores. Within the first few years of
settlement, the settlers were required to fulfill their “settling duties” which were to clear the land and
complete a road width at the property’s frontage. Plus to be given a patent for land (lot), they needed to
construct a permanent house, clear required amount of land (certain number of acreage per household
members) and fence the cleared land also within the first few years. Consequently, by the mid-1800s, most
of forest was cleared for agriculture and harvested for timber. Forest cutting, burning, tree girdling was
initially intensive and conducted to clear the land for settlement and to gain some revenue from timber and
forest products. However, by late 1800s, there was not much forest left, and in early 1900s (around 1920s)
about 90% of the pre-settlement forest was gone.

Once forested area become agricultural, it enabled food production not only for the settlers and their
livestock, but also for gaining extra revenues. The easy access to the lake provided a suitable route not only
for settlement, but also development, transferring and marketing of the agricultural products. By 1881 due
to the growth of the Township of Toronto (present day Mississauga), increase in population and agricultural
production; four cheese factories, sixteen flour mills, a woolen mill and two foundry and machine shops
had opened in the county.
Until the 1830s, the region still had some forest and had abundant wildlife, and was still considered wild
from the perspective of European settlers. Diverse and rich vegetation and streams provided habitat for
many animal species that were hunted and fished by the first settles for both food and sport. The area, with
not so much population and not entirely cleared, still had enough habitat that provided shelter to wideranging animals such as bears. Besides diversity of wildlife species, streams, rivers and the lake Ontario
Humber rivers and Etobicoke Creek. Abundance of fish and rich salmon fishing lasted a few years after
1820, and in 1832 as described by T.W. Magarath of Erindale , in a few hours one could catch anywhere
from 40 to 50 fish. However, this did not last long, as sedimentation due to soil erosion and massive forest
removal, mills, mill-dams, tanneries, and over fishing by European settlers depleted the salmon population.
The species was extirpated (locally extinct) in 1896. In 1930’s, Credit River and its streams, still had
Mountain and Brook trout while salmon was gone.
Moreover, in the second half of the 19th century, as the land clearing advanced and forest cover declined,
larger game was less common, and other wildlife species such as Turkey also became less abundant. As the
area was more settled, population grew and land was cleared, the game moved to wilder areas, and hunting
focus moved to smaller game. Still, the perception of endless abundance of natural resources continued ,
but shifted to raccoons and skunk that were hunted in large numbers for (e.g. over 900 animals) for pure
pleasure and competition. Marshy areas in the region in particular those on flats of the Credit River, were
home to ducks that had become hunted in late 1800s once the larger game had been depleted. Negative
impacts of massive deforestation, were reflected on wildlife and fish populations decline. As a result the
government imposed first hunting regulations and made the first efforts to restore or at least maintain Lake
Ontario Atlantic salmon populations.
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Since the start of intensive settlements in 1819, until 1850s, the area was fully settled and most of presettlement vegetation was cleared. Forest cover declined and reached its lowest point of 10% in the early
1900s in less than hundred years once forest dominated landscape became agricultural (Perkins, 1934).
Once the area became fully agricultural, changes to the landscape and forests in the first half of the 20th
century were at a slower pace. From late 1800s until 1950s the agriculture continued to be the main
economic activity and sources of revenue for the Region of Peel. However during the remaining third of the
20th century, urban development increased exponentially and many villages became towns and cities. The
extent of urban and sub-urban areas spread across the old Toronto Township and Brampton area. The
1950s marked the second wave of landscape change, from rural to urban, that still lasts.
In the early 1950s, Peel was still a rural municipality and had highly developed agriculture that consisted
chiefly of mixed farming, livestock farming, dairying and fruit growing (Hoffman and Richards, 1953). At
that time, population of the Region of Peel was still predominantly agricultural, while about 30% percent
of population lived in urban areas. The largest urban area in the region was the Town of Brampton1,
situated in the middle of the agricultural and horticultural area, with a population of about 8,300 people. At
the same time, Port Credit, as marketing center for the region, had a population of about 2,000 people,
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while other urban settlements had no more than a few hundred inhabitants.
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The period from the early sixties until present, is characterized by population increase in particular in urban
areas which ever since has been followed by extensive urban development (Figures 6 and 7). From the
1960s onwards and in particular the 1970’s the region continued to grow and by 2011 census, the
population of the area is about 1,296,814. The population increase and urban development that have
occurred over the past 40 years, continues to change the regional landscape and impose more development
pressures (Figure 6 and 7) on the remaining forests, natural remnants and remaining agricultural land. The
population growth and urbanization trend are going to continue and it is projected that by 2022, the
regional population will be at 1,500,000 people (Figure 8). As a result of these pressures, protecting and
conserving remaining forests is going to be both a land use planning and conservation challenge.

1

Brampton was incorporated as a village in 1852 and then incorporated as a town in 1873.

F IGURE 4. U RBAN DEVELOPMENT IN B RAMPTON FROM 1859 ( IN RED ) TO PRESENT ( GREY ).
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F IGURE 3. U RBAN DEVELOPMENT IN PEEL REGION FROM 1859 ( IN RED ) TO PRESENT ( GREY ).
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However, it can be also be expected that the scarce natural vegetation, forest remnants and trees, will be
valued more than ever for their different ecological functions and roles, and perhaps deserve the true
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protection for the first time since the European settlement.
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F IGURE 5. POPULATION GROWTH IN P EEL R EGION FROM 1941 TO 2011 AND PROJECTED GROWTH FOR THE REGION
FOR 2016 AND 2021.

The existing forest cover
As the European settlement changed natural vegetation and predominantly forested area into an agricultural
landscape, the past four decades of population growth and associated development, have changed ,in
particular, the southern portion of the region from an agricultural /rural landscape into urban land (Figure
6 and 7).
The northern portion of the region has also experienced population growth and land development, but
retained a more rural character and even some forest regenerations and increase since the lowest 10% forest
cover point for the region in the early 19th century. Presently total forest cover in the region is
approximately 23,573 ha, comprising 19% of the total land area.

Of the three lower tier municipalities contained within the Region of Peel, Caledon forest cover about
31% of the land area.. While Brampton has forest cover that is only 5% of its land area, while Mississauga
has slightly more 6.7% of the land area forested. Most of the southern part of the Region of Peel is urban
and development land. The cities of Mississauga and Brampton are almost completely urbanized whilst the
Town of Caledon still remains fairly rural. According to a 2009 land use report by the City of Mississauga,
the city covers approximately 29,219 ha of which 94.9% has been developed. Within this urban matrix,
Credit River Valley and Etobicoke Creek form a green backbone while the the largest proportion of
existing tree cover comes from single trees in residential areas(Stanger, 2012; TRCA, 2011). The city of
Brampton has been rapidly urbanizing over the past decade, and as a result of urban development has been
losing the woodland cover it had.
In about 50 to 70 years, from the early 1900s until the 1950s, some forest cover has recovered and likely
was in Caledon, while more productive soils in eco-region 7E experienced minor gain and more
compositional shift. Mapping from 1950’s indicate that about 60 % at least was remnant from presettlement time, and that about 40% were plantations and secondary growth forest. Similarly to this, when
1950s mapping was compared to the existing woodland mapping, there is an indication that due to some
recovery since the 1950s there was gained in younger forest, while some late-seral woodlands or woodland
portions from 1950s were gone by early 2000. Within the existing land development assessments, many of
these secondary succession patches (younger) and woodland patches, either that recovered after the 1920s
or 1950s, are often referred to as scrub forest and unjustly low valued and often removed for land
development.
The improvement from 10% forest cover in the early 1990s to about 19 to 20% ( depending on mapping
used) today, and successional woodland established either as part of natural succession or planted, show
remarkable recovery potential when nature is left alone or helped a bit. Thus justifying, forest loss based on
the fact that Peel was originally agricultural landscape should not be taken without due consideration. In
addition, discrediting protection and management of forest patches that are “scrub and early successional”,
based on misconception that they have no value is deceptive. The historical mapping shows evidence that
the region of Peel was once forested landscape, rich in diverse forest types, plants and associated wildlife.
Overlay and gap analysis of mapping from 1950 and recent woodland mapping show that despite many
anthropogenic changes the land and forest potential for recovery can be achieved.
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the forest cover for the region in 1950s was around 15%. From early 1900s to 1950s, the highest recovery
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Pre-settlement forest cover
Prior to European settlement and the extensive land clearing, logging, development and agriculture that
accompanied this process; the Region of Peel similarly to the rest of southern Ontario, was blanketed by
diverse forests, which covered at least 80 to 90% and almost 100% of the landscape in some areas.
Throughout this forest matrix, there were some openings dominated by other types of vegetation, such as
prairie-savannah, meadows, and marshes. Prairie-savannah, maintained by fire disturbances, either natural
or human-induced, occurred on the sandy deposits along Lake Ontario Shores.
Most of the pre-settlement forests in the region were diverse, mature and in late-seral stages dominated by
shade tolerant species. Forests dominated by early successional species, such as poplar and birch, were part
of the landscape, but were less prominent, representing approximately less than 5 % of the natural cover,
and limited to disturbed areas or canopy gaps. The most common disturbances affecting pre-settlement
forests were tree-falls caused by winds and decay.
Since the first European settlement, the region of Peel has lost over 90% of its original forest cover and
about 75 to 80% of its wetland cover through conversion to agriculture, roads, and urban development.
About one half of the existing forest cover has recovered either as secondary succession or as plantations. In
Historical vegetation mapping for the Region of Peel, April, 2012

addition to changes in the amount of forest and wetland cover, the composition and structure of remaining
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forests and wetlands have been substantially altered from their pre-settlement condition (Riley and Mohr
1994; Larson et al. 1999; Kettle 1999; Ontario Ministry of Natural Resources 1999; Puric-Mladenovic
2003). The implications of these natural cover changes are not just reflected in loss of wildlife habitat and
biodiversity, but have also resulted in deterioration of biodiversity and many ecological functions (wildlife
habitat, mast seed production, etc) and associated ecological goods and services (e.g. maintenance of water
quality and quantity, flood abatement, climate amelioration and carbon sequestering; soil stabilization,
etc.).

Objectives
The objectives of the project were to enhance and improve the existing models and maps (Pre-settlement
Version 1, through statistical modeling while utilizing the existing historical vegetation data and spatial
environmental information (e.g. soil, geology, historical climate). Specific objectives are to:

○ Produce a range of maps of pre-settlement vegetation and landscape condition for the
Regional Municipality of Peel.
○ Demonstrate the use and practical applications of the mapping products relevant to the
Region of Peel by conducting a GAP analysis.
○ Provide all the mappings and analytical products and relevant documents to the
Regional Municipality of Peel.

Mapping and modeling methods
The project focuses on mapping and modeling historical vegetation within the Region of Peel geographic
area. However, the individual statistical models were developed based on a larger data set that includes a
broader geographic area including a larger portion of the Greater Toronto Area (Puric-Mladenovic, 2011)
out enough data to support internal model validation.
Pre-settlement vegetation records
Information on pre-settlement vegetation was obtained from the original land surveyor’s records. Prior to
major European settlement in Ontario, extensive land surveying was done for the purpose of providing
information for settlement, land capability and timber resources. Information on historical vegetation and
landscape condition collected just before a dramatic change in forest cover is valuable and enables the
reconstruction of the composition and distribution of pre-European forest cover. The surveyor' records
represent a unique and extremely valuable qualitative information about southern Ontario forests from two
centuries ago. Even though vegetation information from the records is descriptive, includes surveyor
favoritism towards some tree species and inconsistency among surveyors, it has been demonstrated that the
vegetation information from the surveyors' records can be used to statistically model and map pre-European
settlement vegetation in Ontario Puric-Mladenovic, 2003, 2011.
Vegetation information from the original land survey records is descriptive in terms of species composition,
but yet quantitative in terms of vegetation distribution along the concession line. Typically information on
the dominant tree species was recorded and changes in dominant tree composition along concession lines
were measured and recorded in chains. There are no quantitative data about tree species size and number,
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and has a larger number of vegetation observations, which ensured model robustness and enabled leaving
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except the length along a concession line (in chain intervals) occupied by a certain species (PuricMladenovic 2003).
Pre-settlement vegetation information
The Regional Municipality of Peel was surveyed between 1806 and 1828 by eight surveyors. The surveyors
traveled along the concession lines marking lot corners and noting features along them. They took notes of
land and vegetation characteristics at the intersection points of lots and concessions. They noted where
there was a major change in observable features, particularly in vegetation and forest composition. Some of
the features noted were: vegetation cover, dominant forest trees, type of soil, topography, streams, lakes
and ponds, swamps, and suitability of land for agriculture.The surveyors’ records (Figure 9), which are
approximately two centuries old, are fragile and cannot be removed from the Surveyor General’s office in
Peterborough. Consequently, these documents were transcribed on site to a customized database and linked
to spatial location information. Digitally captured data included surveyor name, dominant tree species
and/or vegetation, township, other features such as soil type, terrain and disturbances, wildlife sightings
and other incidental observations. Once this data was digitally recorded and geo-referenced, spatial data
accuracy tests were performed to validate the spatial location and extent of the captured pre-settlement
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Original vegetation description and species names were further standardized and used as predictive variables
and for modeling. Species and genera recorded by the surveyors that had enough spatial observations, were
tested for their usefulness in modeling using different statistical models (random Forest, CART, MaxNet).
Finally, all models with an acceptable misclassification error were selected and further tested and validated
using the 30% of data to select with the lowest error. The final models were extrapolated across the entire
landscape and different probability maps were produced.

T HIS TABLE (T ABLE 1) PRESENTS THE ORIGINAL GEOGRAPHIC TOWNSHIPS THAT ARE WITHIN THE BOUNDARIES OF THE
R EGION OF P EEL . I NFORMATION FROM THESE GEOGRAPHIC TOWNSHIPS THAT WERE SURVEYED FROM 1793 TO 1838,
WAS USED TO PRODUCE PRE - SETTLEMENT VEGETATION MAPPING FOR P EEL .

Township

Survey Date

Surveyor Name

ALBION

1819

Hewett

CALEDON

1819, 1820

James Hewett, S. Ryckman

CHINGUACOUSY

1819

Richard Bristol

ETOBICOKE

1775

A. Iredelle

TORONTO

1806, 1819, 1828

John Goessman, Richard Bristol, S.
Wilmot

TORONTO GORE

1819

R. Sherwood

TRAFALGAR

1819

Richard Bristol

T ABLE 1. G EOGRAPHIC TOWNSHIPS SURVEYED , YEAR OF SURVEYING AND SURVEYORS NAMES

Predicted species and vegetation types
Vegetation modeling, based on the historical vegetation and landscape information captured by the
surveyors, was focused on the tree species that dominated forest stands and stand canopies as well as broad
vegetation types (e.g. wetlands, grasslands).Modeling the distributions of the major forest dominants has
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F IGURE 6. A N EXAMPLE OF THE ORIGINAL LAND SURVEYORS RECORDS THAT CAPTURED VEGETATION AND LAND
CHARACTERISTICS .
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been used in a number of studies. For example, species dominance was used to model North American
boreal tree species distributions (Lenihan 1993); Yemshanov and Perera (2002) modeled dominant tree
species in the forest canopy in boreal Canada, and Puric-Mladenovic (2003) modeled pre-settlement
dominant species distribution. Among over 50 tree species, genera and vegetation classes available from
the records were modeled, and 22 were selected for final prediction and mapping (Table 2).
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T ABLE 2 S PECIES AND VEGETATION TYPES MODELS SELECTED FOR FINAL PREDICTION AND MAPPING .
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Name of the
raster map

Species common name or
vegetation class

Scientific name of species or
genus

ABIEBAL

Balsam

Abies balsamea

ACERSPEC

Maple genus

Acer

BETUSP

Birch

Betula

CARYSP

Hickory

Carya

CASTDEN

Chestnut

Castanea dentata

FAGUGRA

Beech

Fagus grandifolia

FRAXSPEC

Ash species

Fraxinus

JUGLCIN

Butternut

Juglans cinerea

LARILAR

Tamarack

Larix laricina

PICESP

Spruce

Picea

PINURES

Red pine

Pinus resinosa

PINUSPEC

Both red and white pine

Pinus species

POPUSPEC

All poplars

Populus

PRUNSPEC

All cherry species

Prunus

QUERSPEC

All Oaks (includes red, white, bur oak)

Quercus

THUJOCC

White Cedar model 2

Thuja occidentalis

TILIAME

Basswood

Tilia americana

TSUGCAN

Hemlock model 2

Tsuga canadensis

ULMUAME

White Elm ,

Ulmus americana

Grassland

Prairie savannah;

Uplands

Upland sites

Wetlands

Wetlands and bottom lands

Predictor variables
For this study statistical modeling techniques were used to model and predict the distribution of vegetation
across a landscape. Predictive vegetation modeling “is founded in ecological niche theory and vegetation
gradient analysis” (Franklin 1995, p. 475) and thus mapped environmental variables correspond to
environmental gradients.
The selection of predictor variables for this research project was based on information published in the
literature on predictive vegetation modeling, tested with previous studies (Puric-Mladenovic, 2003, 2011)
and the availability of appropriate digital layers for the study area. Extensive data processing and error
checking was required to utilize the predictor variables. A spatial database at 30m resolution was used for
the entire Region of Peel.

mapping, digital elevation models (DEM) and various DEM derivatives, historical shoreline mapping, and
historical climate averages for 1900-1931. In addition, information from various vegetation datasets, such as
georeferenced historical maps, evaluated wetlands mapping were used.
Climate data
Climate data, long-term historical climate averages for 1900-1931 for the entire area of the Region of Peel
were produced by the Canadian Forest Service, Landscape Analysis and Applications, Great Lakes Forestry
Centre (McKenney et al.). The following long-term climate profile for the region of Peel produced at
regular grid (30m X 30m) were used for model development : Annual Mean Temperature, Max
Temperature of Warmest Period, Min Temperature of Coldest Period, Mean Temperature of Coldest
Quarter, Annual Precipitation, Precipitation of Wettest Period, Precipitation of Driest Period,
Precipitation of Driest Quarter.
Digital Elevation Model (DEM)
For the purpose of modelling pre-settlement vegetation on a landscape level, a medium- to fine-scale DEM
was used. The three DEMs, ranging in resolution between 10 ~ 30, were chosen and evaluated:
1. Water Resources Information Program (WRIP) DEM v1.0 (10 m resolution) provided by OMNR
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Environmental information used to support model development included surficial geology, county soils
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2. Water Resources Information Program (WRIP) DEM v2.0 (10 m resolution) provided by OMNR
Canadian Digital Elevation Data (CDED) DEM 1: 50000 v.3.0 (30 m resolution) obtain from
Geomatics Canada, Natural Resources Canada.
The CDED DEM, although contour-based, offered a consistent product for the study area. Though
it lacks the precision, resolution, and details about fine topographic features (i.e. roads, railways, etc.)
relevant to the present landscape and seen in the WRIP DEM v.2.0, it was still selected to be used for this
project. The WRIP DEM v.2.0 was the most accurate and precise DEM of the present landscape.
However, since the CDED DEM has less anthropogenic features and is consistent in precision and accuracy
for the study area, it was selected as the most suitable option for medium to fine resolution pre-settlement
vegetation modelling. Since the CDED DEM is derived from contour data, noticeable contour remnants
are seen on the DEM, DEM derivatives and mapped probabilities. This, however, is deemed acceptable for
the nature of modelling work associated with pre-settlement vegetation modelling. The WRIP DEM v.2.0,
to be used for pre-settlement modeling and mapping, would require substantial removal of the recent-day
anthropogenic features such as roads, ditches, landfill sites and pits.
For this study, topographic variables were derived from the 30-m CDED DEM. The DEM was corrected
for sinks and depressions and then used to derive the following topographic variables: elevation; slope;
aspect; curvature; slope aspect index (SAI); steady state wetness index (TWI); relief, and solar radiation,
Historical vegetation mapping for the Region of Peel, April, 2012

elevation standard deviation, distance from streams and water bodies (Puric-Mladenovic, 2003, 2011).
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Soil
Soil moisture and drainage represent major determinants of vegetation distribution. Good soil maps with a
reasonable level of detail about soil properties (e.g. texture) can be used as a significant component of
predictor data in modeling vegetation distribution (Puric-Mladenovic, 2003). A digital soil map for the
Region of Peel was obtained from Agriculture and AgriFood Canada. The digital map is based on the
original soil map of Peel County done by Hoffman and Richards in 1953 (Hoffman and Richards 1953).
The information from the digital map and the original paper map were cross-referenced. The spatial extents
of the polygons on both the paper and digital maps were the same. However, there were some differences
in the polygon attributes between the two maps. For example, some changes in the soil classification have
been made since the original hardcopy map was produced. The digital map had some polygons without
attribute data attached (mainly for alluvial soils). After the two maps were cross-referenced the attribute
file of the digital map was updated with information from the hard copy map and the accompanying soil

report (Hoffman and Richards 1953). The updated soil attribute information on soil texture and drainage
was used to support statistical modeling.
Geology
For this research, Surficial Geology of Southern Ontario, from Ontario Geological Survey 2003 was used.
The original attribute information from the geology map on the geological origin of deposition and
sediment had many classes that were consolidated and adapted to the research application. This meant
reducing the number of classes where possible and using information on primary geological material, single
material and permeability for each polygon
Statistical modeling, validation, model selection, and prediction
Predictive vegetation modeling is defined according to Franklin (1995) as “predicting the geographic
Similar approach as predictive vegetation modeling, where the quantification of species-environment
relationship is in conjunction with GIS, Guisan and Zimmermann (2000) define as ‘predictive geographical
modeling’. Predictive vegetation modeling has enabled vegetation mapping to evolve from traditional
drawing of vegetation types boundaries by superimposing vegetation data on soil, geological, and
topographic maps, to development of vegetation models in conjunction with GIS (e.g. Kalkhoven and Van
Der Werf 1988; Puric-Mladenovic 1992, 2003; Puric-Mladenovic and Kenney 1996).Thus, predictive
historical vegetation mapping can be defined as the development of a statistical model of the relationship
among environmental variables and species or communities recorded at the time, which is then applied to a
GIS to create a predictive maps (Puric-Mladenovic 2003).
Numerous statistical techniques can be used in predictive vegetation modeling (Guisan and Zimmermann,
2000). The research methodology and modeling process earlier applied to the Region of York, Algonquin
and Temagami, Parks, and GTA Version 1 (Puric-Mladenovic2003;2005, 2011) was applied to derive,
test and select species and vegetation models for the region of Peel. Over 150 different models, that include
a combination of different statistical models and predicted variable, were tested. The first screening of
models was based on misclassification error rate. This was an internal model validation (cross-validation)
conducted for all statistical methods used Cart, Maxnet and Random Forest. This validation enabled
selecting models that had reasonable misclassification error rate (over 60%) and discarding models and
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distribution of the vegetation composition across a landscape from mapped environmental variables”.
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predictors variables (species, genus or vegetation classes) that performed poorly. The second model
validation was based on 30% of random data left for validation. Finally individual species models that best
define relationships between vegetation and environmental variables were selected. The selection was based
on the lowest errors when 30% of data was left for validation. These models, capturing relationships
between vegetation and environmental, provided a basis for predicting and mapping pre-settlement species
and vegetation distribution across the entire study area.
From the individual probability distribution of species and vegetation maps, presence maps ( binary maps)
were derived based on validation and the Relative (or Receiver) Operating Characteristic (ROC), that is
threshold-independent measure. The important summary statistic of ROC is the area under the ROC
function (AUC). AUC is usually taken as an index of model performance as it provides a single measure of
overall accuracy. It ranges between 0 and 1. Values less than 0.5 indicate no discrimination (random
prediction) and a value of 1 indicates perfect discrimination. According to Pearce et al. (2002) and Pearce
and Ferrier (2000), AUC values greater than 0.9 indicate an ‘excellent’ level of discrimination, while values
between 0.7 and 0.9 indicate a ‘reasonable’ level of discrimination, and values between 0.5 and 0.7 indicate
‘poor to marginal’ discrimination. Based on these criteria, all developed models showed at least reasonable
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File/ grid
name

Common name

Scientific name

(AUC VALUE ) AND PROBABILITY THRESHOLD

Model

AUC

Probability
threshold

ABIEBAL

Balsam

Abies balsamea

Maxnet

0.75

ACERSPEC

Maple genus

Acer

0.74

BETUSP

Birch genus

Betula

Random Forest (
model 1)
Maxnet

there was not
enough data to
derive a
threshold
0.4

0.8

0.98

CARYSP

Hickory genus

Carya

0.88

0.22

CASTDEN

Amrican Chestnut

Castanea dentata

Random Forest (
model 2)
Maxnet

0.98

0.5

FAGUGRA

Amrican Beech

Fagus grandifolia

0.76

0.4

FRAXSPEC

Ash species

Fraxinus

0.74

0.7

JUGLCIN

Butternut

Juglans cinerea

Random Forest (
model 1)
Random Forest (
model 3)
Maxnet

0.9

LARILAR

Tamarack

Larix laricina

Maxnet

0.91

there was not
enough data to
derive a
threshold
0.76

PICESP

Spruce

Picea

Maxnet

0.93

0.91

PINURES

red pine

Pinus resinosa

0.99

0.065

PINUSPEC

All pines

Pinus

0.79

0.8571

POPUSPEC

All polplars

Populus

Random Forest (
model 2)
Random Forest (
model 1)
Maxnet

0.72

0.91

QUERSPEC

Quercus

0.89

0.45

THUJOCC

All Oaks (includes red,
white..)
White Cedar model 2

Random Forest (
model 1)
Combined

0.8

0.58

TILIAME

Basswood

Tilia americana

0.672

0.6635

TSUGCAN

Hemlock model 2

Tsuga canadensis

Random Forest (
model 1)

0.73

0.59

ULMUAME

White Elm

Ulmus americana

0.75

0.41

Grasslands

Praire-savanah (
Grasslands)
Upland sites

Praire-savanah (
Grasslands)
Upland sites

Random Forest (
model 1)
Maxnet

0.94

0.41

Wetlands and bottom
lands

Wetlands and
bottom lands

Uplands
Wetlands

Thuja occidentalis

Random Forest (
model 1)
Random Forest (
model 1)

0.97

0.88

0.97

0.12

VEGETATION TYPES and STATISTICAL CLUSTERING
Presence maps of pre-settlement species distribution were further used to derive vegetation types based on
statistical clustering. To each cluster, a name was assigned based on species that define the cluster or
assemblage type. Each of these assemblages represents mapped vegetation types/classes that were described
as best as possible based on the available vegetation literature. This literature review on related and similar
vegetation types and their characteristics was based on research information from southern Ontario and
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T ABLE 3. F INAL SPECIES AND VEGETATION MODELS , MODEL VALIDATION
FOR PRESENCE MAPS
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eastern USA (for detail literature see the Results , section on vegetation description). In addition to the tree
species distribution, models and maps of distribution of prairie and savannah, wetlands as they existed at the
time of land-surveying were produced. Prairie and savannah was modeled as one class grassland class. An
attempt was made to spar prairie and savannah and barrens, but the individual models were poor and
meaningless. Finally, by combining forest assemblages, prairie and savannah and wetlands; a composite map
of the pre-settlement landscape condition at the time of the first land-surveying was produced ( Figure 10
and the Appendix A).
1950s mapping
Forest associations and plant communities in the region from the 1950s were digitized to provide the
analysis with a time step in between pre-settlement and the present. The specific source of 1950s vegetation
maps is a series of watershed reports from the Ontario Department of Planning and Development,
Conservation Branch (Ontario, 1948, 1957, 1958).

Results
Classification tree models were developed for predicting the spatial dominance distribution of 13 species
Historical vegetation mapping for the Region of Peel, April, 2012

based on 31 predictor variables. The mapping products include two time periods: pre-settlement vegetation
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maps (200 years ago) and 1950’s. Along with the maps, detail vegetation description and applications are
provided (Appendix A)
Pre-settlement vegetation and species distribution
Pre-settlement vegetation
At the time of European settlement the region of Peel was predominantly a forested landscape with forest
cover over 90%. Wetlands, including marshes swamps, bottom lands and low lying areas made about 15%
of the land base. However, based on the historical records it is hard to precisely say what the percentage of
marshes was, but most likely they represented about 13% of the wetlands. Marshes were likely concerted
around water bodies and rivers and were interconnected with forest cover. Most of the wetlands at the
time, were swamps and wet forest in bottom lands. Many of these swamp and bottomland forest areas that

were easy to clear and drain were cleared. The remaining wetland cover that is about 3 to 4 %, represents
about 20% of the historical cover.
The majority of forest cover, about 65 % was deciduous, 25% mixed and about 10 % coniferous forest.
Sugar maple – beech, in combination with other tree species, was predominant on the landscape and made
about 23% of the forest cover; it was followed by sugar maple – basswood – beech that made about 15% of
the cover; White elm was one of the predominates of mixed forest of sugar maple, beech , hemlock and
elm which made about 10% of the forest cover. Maple, white pine and ash forest made 12% of the forest
cover, indicating transition from open to more shade tolerant forest. Oak species predominated about 9 %
of forest cover alone or in combination with other tree species in particular pines; oak – pine forest made
about 7 % of forest cover. Mixed forest, of Hemlock and maple-beech made about 9% of forest cover.
Besides these, dominant forest classes, many unique vegetation types such as American Beech, American
indicates that over 70 to 80 % of the forest cover was shade tolerant forest, while shade intolerant species
such as oaks, pines were in about 20% of the forest cover. Different species combination and associations
(Figure 11 and Appendix A – vegetation types maps) of tree dominants give an indication of forest diversity
not just in terms of dominant species, but other associated trees , shrubs and herbaceous vegetation.
Pre-settlement mapping products
There are over 50 digital maps of species, forest vegetation types, wetlands, and prairie-savannah all in GIS
format. There are 23 probability distribution maps produced in raster format. Of these, for 21 it was
possible to find statistical thresholds and map them as presence, while two models for Balsam fir and
Butternut remain only as probability maps. In addition to the individual species and vegetation classes map,
a composite vegetation type map was produced for the entire region. The vegetation types / assemblages
are provided as a more detailed vegetation break down (Figure 10) and more general vegetation classes
(Figure 11). All pre-settlement map products are listed and shown in the Appendix A.
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chestnut or Yellow Birch dominated forest were present in the region. Species composition of forest
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F IGURE 107. P RE - SETTLEMENT VEGETATION TYPES / SPECIES ASSEMBLAGES

Forest cover in 1950s
Based on the 1950s mapping, that doesn’t cover the entire region ( Figure 12), forest cover at that time was
about 15%. Since early 1990s and the lowest point of forest cover, forest cover increased on marginal and
less productive lands through natural regeneration / secondary succession and to a minor degree through
reforestation. About 40 to 50% of forest cover in 1950s was early, mid successional or plantation forests.
Plantation forest made not more than 2% of forest cover in 1950s (Figures 12 and 13). American elm was
one of dominants in about 17% of the forest cover. While sugar maple – beech made about 12% of the
forest cover and more pure sugar maple dominated stands made also 12% of the forest cover. Unlike in
pre-settlement landscape, hemlock component with the existing forest cover of 1950s was around
1%.Similary oak dominated forest made a minor component of the forest cover in 1950s ( Figures 12 and
13)
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F IGURE 8. F OREST TYPES AS THEY EXISTED IN 1950 S FOR A PORTION OF THE REGION OF PEEL

F IGURE 13. P ROPORTIONAL REPRESENTATION
OF FOREST TYPES IN
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Vegetation description
Vegetation description for the study area is based on the literature review and it provides description of the
main forest species and their ecology and association with other species and vegetation types and description
of the main forest assemblages (forest types) from pre-settlement time and 1950s.
Major tree species
Maple
Three maple species: Sugar Maple (Acer saccharum), Red Maple (Acer rubrum), and Silver Maple (Acer
sacharinum), are found on a range of soil conditions throughout the Region of Peel. Silver Maple is found in
swampy and wet conditions whereas Sugar Maple prefers fresh soil conditions, does poorly on dry soils, and
will not occur on wet sites (Godman 1965; Leak 1978; Godman et al. 1990). Red Maple is found in various
moisture conditions, from wet to dry, but it dominates on poorly drained soils throughout much of the
natural range for Sugar Maple (Nyland 1999). Among the three Maples, Sugar Maple is the most abundant
and wide spread within the study area.
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Sugar Maple, also known as hard maple or rock maple, is one of the most widespread and abundant
hardwood species in Southern Ontario and in the Region of Peel. This long-lived species, which can reach
ages of 300 to 400 years, is very tolerant of shade and as such is a major dominant of many forest types and
late seral communities. It grows on a variety of soils, from sands, loamy sands, sandy loams, loams, to silt
loams. It is seldom found in swamps. It has the best growth on deep, fertile, moist well-drained soils and
does not grow well on dry, shallow or wet soils (Society of American Foresters 1940; Burns and Honkala
1990b; Eyre 1980; Farrar 1995).
According to the Ecological Land Classification (ELC) for Southern Ontario (Lee et al. 1998) Sugar Maple is
a major component of two ecosites: dry to fresh Sugar Maple; fresh to moist Sugar Maple. Each of these
sites has a number of vegetation types where Sugar Maple is one of the dominants. The vegetation types,
characterized by different species compositions, most likely represent different seral stages or disturbances

where Sugar Maple is one of the dominants. However, the ELC for Southern Ontario does not distinguish
among them in terms of equilibrium and/or late seral forest.
Sugar Maple usually forms mixed stands with other deciduous species but it is also associated with some
coniferous species such as Eastern White Pine (Pinus strobus) and Hemlock (Tsuga canadensis). Among the
most common associations of Sugar Maple are sugar maple-beech, sugar maple-basswood, sugar maplewhite elm, and pure sugar maple (Society of American Foresters 1940; Eyre 1980; Burns and
Honkala1990a; Lee et al. 1998).
American Beech (Fagus grandifolia)
American beech is slow-growing and can live 200 years and more. In terms of light conditions, it is similar
to Sugar Maple, as it tolerates shade conditions well. It grows best on moist, well-drained slopes and rich

Beech can predominate in some stands, but most often occurs with Sugar Maple either as a major
component in sugar maple-beech or beech-sugar maple associations. These are considered as climax or
equilibrium forests in southern Ontario and in the Region of Peel. Associations of Beech and Sugar Maple
are often accompanied by species such as Red Maple, Yellow Birch (Betula alleghaniensis), American
Basswood (Tilia Americana), Black Cherry (Prunus serotina), Eastern White Pine and Red Oak (Quercus rubra)
(Burns and Honkala 1990b; Farrar 1995).
American Basswood (Tilia americana)
Basswood is a large, rapid-growing and shade tolerant tree. Basswood is commonly found on moist slopes
facing north and east (Farrar 1995). Aspect and edaphic factors and high pH play an important role in its
distribution and abundance. It grows in mixtures with other species and only rarely forms pure stands. It is
co-dominant in a single forest type, sugar maple-basswood. Common associates in this forest type are
American Beech, White Ash (Fraxinus Americana), Bitternut Hickory (Carya cordiformis), and Red Oak. Most
often Basswood is an associated species in the maple-beech or beech-maple forest types (Burns and Honkala
1990b; Ontario Ministry of Natural Resources 2000).
White Elm (Ulmus americana)
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In terms of latitude and climatic conditions, White Elm is one of the widest ranging tree species in eastern
North America. White Elm is an associate species of many other forest types, but is also a dominant. White
Elm is no longer as dominant in the forest as it was 200 years ago. It was first decimated by land clearing for
agriculture and then by Dutch Elm Disease (DED). The disease spread to North America first in the
1930’s and a second introduction occurred in the 1950's. The disease rapidly spread through Ontario.
After the second wave of DED, in the 1960's and 1970's, the abundance of White Elm was drastically
reduced and the composition of the forests in southern Ontario and the Region of Peel was permanently
changed. DED not only affected forest composition, but also drastically impacted the rural landscape
where White Elm was a major hedgerow species. Urban areas, where White Elm was a frequently planted
tree, were also severely impacted.
White Elm occurs mainly on wet sites and alluvial flats where water can often remain until spring.
However, it is not restricted just to these conditions and it occurs on clay plains and morainal hills. On
poorly drained silty soils of river bottoms and flood plains, in swamps, and on strips along streams and lake
shores, White Elm is accompanied by Silver Maple, other moist site hardwoods such as Red Maple, Slippery
Elm (Ulmus rubra), Cottonwood (Populus deltoides), and White or Green Ash (Burns and Honkala 1990b;

Historical vegetation mapping for the Region of Peel, April, 2012

Farrar 1995).

41

Ash (Fraxinus spp.)
Throughout the Region of Peel, three Ash species are found on a range of soil conditions. These species are:
White Ash, Green Ash (Fraxinus pennsylvanica), and Black Ash (Fraxinus nigra).
White Ash, a moderately shade-tolerant species, is mixed with other broadleaf trees and sometimes with
conifers. It is a common associate in many forest types, with deep and well-drained soils, but it is never a
dominant.
Similarly, Green Ash or Swamp Ash is moderately shade-tolerant, however this species can dominate
stands. Natural stands of green ash are almost always associated with bottomlands, river valleys, or stream
banks. This species is most commonly found on alluvial soils along rivers and streams and, less frequently,
in swamps (Burns and Honkala, 1990). Green Ash can stand flooding during dormancy. The species most

commonly associated with Green Ash are White Elm and Red Maple, but it can also be associated with
Willow (Salix spp.), Silver Maple, and Eastern Cottonwood (Burns and Honkala 1990b; Farrar 1995).
Black Ash is a slow-growing tree found in swampy woodlands occurring in bogs, along streams, or in poorly
drained areas with peat and muck soils. Black Ash is the most tolerant of all Ashes to standing water and
poorly drained areas that are often seasonally flooded. It is most common on peat and muck soils but it can
also be found on sands and loams. It can form pure stands but more often is found with other species such
as Black Spruce (Picea mariana), Balsam Fir (Abies balsamea), Eastern White cedar (Thuja occidentalis), Red
and Silver Maple, and Speckled Alder (Alnus rugosa (Du Roi) Spreng.). The most common forest type where
Black Ash is dominant is Black Ash-White Elm-Red Maple. However this species is associated with other
forests such as White Cedar, and as a minor associate with Balsam Fir-Black Spruce, Hemlock-Yellow Birch

Eastern White Pine (Pinus strobus)
White Pine, highly valued for timber, has been probably the most studied species of all Ontario trees.
White Pine is a characteristic species of the Great Lakes-St. Lawrence forest region, but it is also an
important species in southern Ontario. It is a heliophyte that can live up to 200 years and reach heights of
up to 30m and diameters up to 1m (Farrar 1995). As such, it was often towering over deciduous forests in
pre-settlement times (Keddy 1993). White Pine within the deciduous forest usually persists as scattered
individuals and can be a notable tree in the canopy. Its presence within deciduous stands can be explained
by larger openings created by natural disturbances or by abandoned agricultural fields created by native
people (Larson et al. 1999; Ontario Ministry of Natural Resources 2000).
White Pine can grow on a variety of soil conditions, from sandy soils and rocky ridges to wet swamps.
However it has the best growth on sandy loam soils. On sandy soils, White Pine can form more permanent
stands. These stands seldom succeed themselves except in the presence of fire (Society of American
Foresters 1940). Usually White Pine is succeeded by Sugar Maple-Beech, White Pine-Red Oak-White Ash,
White Pine-Hemlock, or Sugar Maple-Basswood forest types (Horton and Brown 1960; Burns and Honkala
1990a; Farrar 1995).
The most wide spread association of White Pine in the Region of Peel is with Hemlock. Associate species in
this forest type are also Beech, Sugar Maple, Yellow Birch, Black Cherry, White Ash, and Paper Birch
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(Betula paprifera). In terms of succession, this forest association is considered to be near climax and probably
succeeded by northern hardwoods or Hemlock. Variants of these species associations are Pine-hardwoodHemlock and Sugar Maple-Beech-Birch-White Pine-Hemlock. On dry soils, White Pine is often associated
with Red Oak (Armson 2001).
White Pine is a constant, but minor component of late successional Hemlock-hardwood and Maple-Beech
or Beech-Maple forests (Braun 1950). Historically, White Pine was most often associated with HemlockWhite Pine-northern hardwoods forests, or mixed-pine forests on upland sites, and with Tamarack-SpruceCedar on poorly drained and wet sites (Abrams 2001). Abrams (2001) described White Pine distribution as
peaking in riparian valleys and on dry, nutrient-poor sites. On mesic and rich sites, Sugar Maple and Beech
out competed White Pine. White Pine therefore had to compete with Hemlock on cool, moist sites. White
Pine stands were characteristic on dry sand plains and ridges.
According to Abrams (2001, p. 977), White Pine is "not a climax species in the traditional sense", but it is
rather a disturbance dependent species. Establishment of White Pine in late successional Hemlock forests is
related to pine being a long living tree that establishes after disturbances. White Pine and Oak most likely
are replaced by late successional species in the absence of understory fire (Abrams et al. 1995). Decline in
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crown disturbance such as fire, lack of local seed sources, and increased deer browsing (Abrams and
Ruffner 1995, Abrams 2001).
Red Pine (Pinus resinosa)
Red Pine commonly grows on dry soils low in fertility. It is confined largely to sandy soils. It does not grow
where the surface soil is alkaline, although it grows on dry, acid soils overlying well drained limestones or
calcareous soils. In Ontario, Red Pine grows most commonly on level or gently rolling sand plains or on
low ridges adjacent to lakes and swamps, at elevations from 240 to 430 m above sea level.
The most common associations of Red Pine in southern Ontario are Quaking Aspen, Bigtooth Aspen
(Populus grandidentata) and Eastern White Pine (Pinus strobus). Red Pine stands become established after a fire
disturbance as fire is the only natural agent capable of providing most of the conditions required for natural
Red Pine reproduction.

Hemlock (Tsuga canadensis)
Hemlock is a typical forest species of the Great Lakes-St. Lawrence forest region. It is a very shade tolerant
species that can live up to 600 years (Farrar 1995). It can grow on a variety of soils, but it has the best
growth on cool moist sites where it can form pure stands. Such sites in southern Ontario and the Region of
Peel are typical for north facing slopes and shaded ravines (Society of American Foresters 1940; Burns and
Honkala 1990a; Farrar 1995; Armson 2001). However, Hemlock can grow on a variety of sites from dry
to wet. It has been also found that Hemlock and Yellow Birch favour slightly acidic soils (Ontario Ministry
of Natural Resources 2000).
Hemlock either forms pure stands mixed with Yellow Birch, Eastern White Pine, White Spruce (Picea
glauca), Sugar Maple, and/or American Beech. There are a number of forest associations where Hemlock
Birch, and Hemlock-White Pine. These forest types can be considered to be climax (or equilibrium) forests
(Farrar 1995; Burns and Honkala 1990a; Armson 2001; Society of American Foresters 1940; Ontario
Ministry of Natural Resources 2000).
White Cedar (Thuja occidentalis)
White Cedar is a slow-growing, small-sized tree, averaging 15 m in height, and living up to several hundred
years. It can be found mainly in swampy and wet areas where the substrate is aerated by early to midsummer (Lee et al.1998). It can also occur on very shallow dry soils over limestone rock (e.g. Niagara
Escarpment, ON), and in sphagnum bogs (Farrar 1995). White Cedar can persist in swamps, on both
mineral and organic soils, and form pure stands. These stands, in the absence of major disturbances, and as
long as the swamp remains wet, can maintain themselves for a longer period of time as the species is very
long lived.
However, in today's landscape, White Cedar is often a pioneer species that invades open areas and
abandoned fields and pastures. Its occurrence can be impacted more by heavy biotic pressure (grazing and
historical land use) than by abiotic conditions (Ontario Ministry of Natural Resources 2000; de Blois et al.
2002). This introduces a concern when trying to model vegetation from current environment-species
relationships. An option is to include additional human disturbance variables when modeling this species.
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In the northern parts of the study area, eastern white cedar commonly grows in association with Balsam Fir
and Tamarack. Eastern White Pine, Yellow Birch, Silver Maple, Black Spruce, Hemlock, and White Elm
can also accompany White Cedar. The most common associations of White Cedar are pure White Cedar to
mixed stands such as: White Cedar-Hemlock, White Cedar-Balsam Fir, White Cedar-White Birch, White
Cedar-Sugar Maple, and White Cedar-hardwood (Society of American Foresters 1940; Burns and Honkala
1990a; Farrar 1995; Lee et al. 1998).
Tamarack (Larix laricina)
Tamarack is a medium-sized tee that can live up to 150 years. In southern Ontario it occurs in isolation and
has a spotty distribution. It is found mainly on cold, wet, poorly drained sites. These sites are restricted to
swamps and topographic depressions with little or no natural drainage. Tamarack forms pure stands or is
associated with Black Spruce, White Cedar and to a lesser degree Red Maple and Black Ash. There are a
number of associations of Tamarack where this species predominates: Tamarack-Spruce; Tamarack-Cedar;
Tamarack-Cedar-Spruce; Tamarack-Aspen; Tamarack-Aspen-Red Maple (Society of American Foresters
1940; Burns and Honkala 1990a; Farrar 1995; Lee et al. 1998).
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45

Balsam Fir is a medium sized tree that can live up to 150 years. It is a representative species of northern
forests. In the Region of Peel, Balsam Fir occurs in the far northeast. It is confined to sites that have cooler
temperatures and abundant moisture. It occurs mixed with White Cedar, White Spruce, and Hemlock, but
also in some mixed swamps (Society of American Foresters 1940; Burns and Honkala 1990a; Farrar 1995;
Lee et al. 1998).
Spruces (Picea spp.)
White Spruce and Black Spruce occur mainly in the northern parts in the region of Peel. Black Spruce can
live up to 200 years and it is found on wet poorly drained sites where it usually forms mixed stands with
Tamarack. Unlike White Spruce, Black Spruce grows on deep organic soils such as those found in peat bogs
(Society of American Foresters 1940; Burns and Honkala 1990a; Farrar 1995; Lee et al. 1998; Armson
2001).

Oaks (Quercus spp.)
Throughout the Region of Peel the most frequently occurring Oak species is Red Oak. Bur Oak (Quercus
macrocarpa) and White Oak (Quercus alba) are found as solitary species in the agricultural landscape and
rarely as species within stands. Even when found in closed stands, these trees are large with wide canopies
and low branching, indicating that their existence began in an open canopy condition. Solitary trees of Bur
Oak are found throughout the region and south of the Oak Ridges Moraine in fence-rows. White Oak is less
frequent than Bur Oak. Some remnant solitary trees are found in the northern areas of the Region of Peel
(Queensville area) and in the Humber river valley. The distribution of Bur Oak and White Oak deserve
more attention, however historical data did not provide enough information to distinguish among different
Oak species and to model their distribution.

on moderately dry to fresh tableland sites and ridges. Most frequently it is mixed with Sugar Maple, Beech,
and with White Pine and indicates drier soil conditions (Burns and Honkala 1990b; Farrar 1995).
Although White Oak has the ability to grow on most upland aspects and slopes, it grows best on north and
east-facing lower slopes and coves and grows well on moderately dry slopes and ridges with shallow soils.
White Oak also prefers full sunlight. It can live for several hundred years and can grow up to 35m tall.
White Oak grows in association with many other trees that include other upland Oaks (Quercus spp.),
Hickories (Carya spp.), Yellow-Poplar (Liriodendron tulipifera), American Basswood, White Ash (Fraxinus
americana), American Beech, Sugar Maple, Eastern White Pine, and Eastern Hemlock .
Yellow Birch (Betula alleghaniensis)
Yellow Birch is a moderately shade-tolerant tree that can live to 150 years and more. It prefers rich moist
soils where it is usually mixed with Eastern Hemlock, Sugar Maple, Beech, Basswood, and White Pine
(Burns and Honkala 1990b; Farrar 1995).
Beyond the above-mentioned dominant and co-dominant species, many other tree and shrub species are
important components of the natural forests of the region. They have different distributions and abundances
depending on the seral stage of the forest and/or management practice. The early successional, pioneer
species that occur in the area are discussed in the paragraphs that follow. Between the late seral, equilibrium
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forest and early pioneer stands, there are a number of successional stages and species that are beyond the
scope of this thesis. However, these would provide an interesting subject for future research.
American Chestnut (Castanea dentata)
Prior to the fungal pathogen Chestnut blight (Cryphonectria parasitica) of the early 20th century, the species
was distributed widely across eastern North America and the Carolinian zone of southern Ontario. It was an
overstory tree in many forest types; often accounting for up to 25% of the standing timber. Restricted to
moist but well-drained, acid loam soils, the species was most common on mesic hillslopes and on xeric
ridges with well-drained, acidic soils.
As a consequence of major population decline caused by Chestnut blight, the Committee on the Status of
Endangered Wildlife in Canada (COSEWIC) designated American chestnut a threatened species in Canada
in 1987, changing its status to endangered in 2004.
Due to the lack of availability of information related to the ecology and distribution of American Chestnut
in Canada, many studies have been conducted to try to assist with monitoring, site selection, or potential
site management strategies. According to research conducted by Tindall et al in 2004, trees were
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(0°–10°), and acidic (pH 4–6), sandy (>75%) soils. This same study also revealed that American Chestnuts
experienced rapid growth and sprouting following canopy destruction, and reflects the importance of
disturbance for the establishment of the species within the canopy. Common distinctive associates with
Chestnut within the study areas were Oaks.
Butternut (Juglans cinerea):
Butternut is found in deep, moist, loamy areas throughout the East, from Canada to North Georgia and
Mississippi with mostly scattered individuals (Clark, 1958 in Conservation Assessment). It is characteristic
of rich, moist, well-drained loams on riverbanks and stream banks sites (Rinks, 1990 in Conservation
Assessment). It can also be found on drier on well-drained gravelly sites, especially those of limestone
origin in eastern Ontario (Dept. of Forestry Canada 1961 in Conservation Assessment; Rink, 1990).

Butternut grows in mixed hardwood forests and does not often appear in pure stands. It is found singly or in
small groups in association with other hardwood species (Rink, 1990). It occurs typically with Basswood,
Black Cherry, Beech, Black Walnut, Elm, Hemlock, Hickory, Oak, Red Maple, Sugar Maple, Yellow
Poplar (Tulip-Tree), White Ash and Yellow Birch (Rink, 1990; Banes and Wagner 1981 in Conservation
Assessment).
Pioneer species in the past and present landscape
Widely spread pioneer tree species in southern Ontario and the Region of Peel include: Trembling Aspen
(Populus tremuloides), Balsam Poplar (Populus balsamifera), Paper Birch, Hawthorns (Crataegus spp.), Apple
(Malus spp.), and Staghorn Sumac. They occur on abandoned agricultural fields and pastures and clear-cut
woodlots which have been succeeded by woody species.

associations appear on cut-over, over-grazed, burned or disturbed sites. Trembling Aspen is known for
occupying abandoned fields and pastures. It occurs on a variety of soil conditions, but it avoids the wettest
swamps. Along with Trembling Aspen, Large Toothed Aspen (Populus grandidentata), Pin Cherry (Prunus
pensylvanica), White Elm, Paper Birch and Balsam Poplar occur.
Balsam Poplar can form pure stands on moist sites. An understory of Spruce and Balsam Fir is often
established on wet sites, with tolerant hardwoods forming the understory on drier sites (Ontario Ministry
of Natural Resources, 1976).
Paper Birch is a cold climate species that can form pioneer communities on a wide range of soil moisture
conditions. It usually lasts one generation on cut-over and burned-over areas. It forms pure stands or is
associated with Aspen, Balsam Fir, Yellow Birch, Hemlock, Red Maple, Red Oak and Basswood. It is
commonly succeeded by Spruce-Fir or northern hardwoods (Ontario Ministry of Natural Resources, 1976).
On abandoned agricultural fields, secondary succession species such as Hawthorns, Wild Apples, and/or
Staghorn Sumac can also form initial forests. These forests and species are often termed ‘scrub forests’ and
are not valued, even though they provide the environmental conditions to convert abandoned agricultural
fields to other forests types. In general, on dry sites, located on sloping uplands, Hawthorns, Wild Apples
or Sumac can dominate the early succession. However on wet, low or depressional sites, with high
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moisture regimes, Willows and Dogwoods (Cornus spp.) lead the secondary succession (Ontario Ministry of
Natural Resources, 1976). There are a number of other species that are important components of forests.
However, as mentioned above, they are beyond the scope of this project.
It should be noted that these early successional forest types carry the potential to recover into later seral
stages. McLachlan (1997) studied various approaches to habitat restoration with an emphasis on natural
regeneration in Essex county, southwestern Ontario. Results from his study suggested that naturally
regenerated sites, if left to regenerate with time, become similar to relatively undisturbed reference sites.
He concluded that after 35 years, some mesic sites seemed to have recovered completely and that there
were no overall differences in native diversity between restored and reference sites. However, McLachlan
(1997) showed that there are some significant differences in native species composition between reference
and restored sites for species with restricted seed dispersal.

Pre-settlement vegetation types
Vegetation types, vegetation classes, forest types or any grouping or classification of vegetation, as
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prior to European settlement. The existing vegetation classifications are tailored to describe present
vegetation that is shaped by the natural environmental characteristics, various anthropogenic, biotic and
abiotic disturbances. Thus it is not surprising that vegetation types that once existed on the landscape do
not line up entirely with the existing vegetation classes and their description. Many forest types seen today
are the product of disturbance and were not present or relevant in the past landscape. While some
resembling elements and species still exist between the past and the present, it would be very difficult to
match pre-settlement types with the existing classification in southern Ontario. In addition, some historical
forest and vegetation types can’t be found anywhere on the landscape. This is the case when one of the
defining dominant species has disappeared or has been marginalized due to devastating impacts of (often
introduced) disease. For example, Dutch Elm Disease reduced the population of White Elm too and as a
result the forest types that used to be dominated by this species are not on the landscape any longer.
Similarly, due to devastating impacts of Chestnut Blight on American Chestnut, historical forest types
defined by this species are distant elements of the past.

Therefore, to avoid confusion and not force the existing classification onto historical types, a “species
assemblages” approach has been used for the most part. For a few vegetation types however, physiognomic
vegetation classes (eg. forest, wetlands, swamps and marshes) were used to describe and map the presettlement condition. The species assemblages are statistically derived groups of tree species that were
forest dominants and defined major forest types on the landscape about two centuries ago. Some of the
assemblages, based on their dominant species, resemble vegetation types we know and see today. These are
typically late seral forest types dominated by shade tolerant species, and less disturbed forests with longlived tree species
The table (Table 4) lists forest types and vegetation that were present on the landscape at the time of
European Settlement and during the 1950’s mapping.

Sugar Maple and Beech forests
As a result of disturbances and forest management, tree species compositions of species rich and
diverse variants of Sugar Maple-Beech forests have been homogenized. As a result, in many forests
and stands, Sugar Maple predominates or creates almost pure stands. Some of the Sugar Maple stands
from the 1950s mapping (forest class Sugar Maple) are most likely stands that used to consist of higher
tree diversity and in pre-settlement forests.
Sugar Maple

Sugar maple-beech are typically found on till plains. These are upland,

and Beech

rich sites typically characterized by optimum moisture conditions
(mesic sites) and were covered with forests that are dominated by

1950: Beech
Sugar Maple
(1399.7ha)

Sugar Maple (Acer saccharum) and American Beech (Fagus grandifolia).
These two species were found in combination with other deciduous
and coniferous species, and as such defined many forest types and ecotones. Sugar Maple and American Beech occurred together with a
range of shade tolerant and intolerant tree species. Several different
forest assemblages dominated and defined by Sugar Maple and
American Beech can be described based on the abundance and
predominance of these two species and associated species. Historically,
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there were stands where American Beech was equally as dominant as
Sugar Maple and some in which American Beech was predominant.
The two species were often associated with co-dominants such as
Basswood (Tilia americana), White Elm (Ulmus americana), Red Oak
(Quercus rubra), and White Ash (Fraxinus americana). On the cooler sites
this forest graded into Sugar Maple-Beech Hemlock forest. The
variants of Sugar Maple-Beech and Beech-Sugar Maples are listed
further in this table.
This forest today:
Most of this forest and its variants (listed below) grow on rich upland
sites with productive soils. Due to the fertility of the soils, these forests
were converted to agricultural lands. Most likely the remnants of this
forest type are smaller and isolated upland patches surrounded by
development or agriculture. Often the species composition of this
forest type has been altered from the pre-settlement composition, and
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or absent. Decline of American Beech is expected to continue due to
Beech Bark Disease, and homogenization of this forest towards Sugar
Maple is likely going to continue.
Beech

This forest cover occurs when Beech predominates and makes pure
stands, usually when small disturbances occur. Beech as a very shade

1950 (32.3ha)

tolerant species grows well when intolerant species offer little
competition. Beech also tends to dominate on fresh, well drained,
loamy soils with high humus content.

Sugar Maple-

This variant of Sugar Maple- American Beech forest assemblages used

Beech-

to have a significant component of Basswood (Tilia Americana).

Basswood or

Depending on the site conditions, there used to be predominance of

Beech-Sugar

either Beech or Sugar Maple. However, in either case American

Maple-

Basswood was also one of the co-dominants. This species rich forest

Basswood

type was accompanied to different degrees with other species such as
White Elm, White Ash, Bitternut Hickory (Carya cordiformis), and Red
Oak .
This association with dominant and significant components of
American Beech was typically found on upper to middle slopes and
table land topographic position, with coarse textured, dry-mesic soils
and on dry and exposed rock ridges.
This forest today is still comprised of Sugar Maple as the dominant
been significantly reduced, and in many instances the presence of
American Beech is minimal or absent from the remaining stands. In the
present landscape, White Elm is hardly ever a significant associate
species due to the impact of Dutch Elm Disease on the overall
population.

Sugar Maple-

Sugar Maple and Beech, as late successional dominants, are

Beech-Yellow

accompanied by Yellow Birch. This long-lived gap colonizer is next in

Birch (28.1ha)

abundance to the two main species. This type is typically found on the
lower to middle portion of hillslopes on soils that are generally mesic
and well drained. Yet dominance of Yellow Birch indicates moister
conditions than those typical of Sugar Maple- Beech.

Sugar MapleBeech-

Basswood and White Elm are often subdominants
of Sugar Maple – Beech –Basswood association on more mesic sites.

Basswood -Elm
Sugar Maple-

This assemblage dominated by Sugar Maple, American Beech, and

Beech-Oak-

Basswood on drier sites had a significant component of Red Oak. This
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species of this vegetation type. However, the Basswood component has
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Basswood

dominant species combination occurs most frequently on well drained
fertile loams on upper slopes. Sugar Maple and American Beech often
over time can make up all or most of the stocking particularly in stands
older than 100 years where less intolerant and short lived species have
died out.
Present landscape:
When this forest is disturbed, as in the present landscape, the
American Beech component is less abundant and stands tend to have
more shade intolerant species such as Ironwood (Ostrya virginiana), Red
Maple, White Birch, Black cherry and White Ash.

Sugar Maple-

Besides Sugar Maple and American Beech, Basswood and White Pine

Beech-

define this forest assemblage. This forest type was common on the

Basswood-

landscapes before European settlers heavily harvested White Pine.

White Pine

Sugar Maple forests with American Beech, Basswood and some
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component of White Pine were found on clay soils.
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Sugar Maple-

This is a deciduous mixed forest type where besides the typical Sugar

Beech-

Maple-Beech- Basswood combination, there was a significant

Basswood-Elm- component of White Elm and Butternut (Juglans cinerea). This
Butternut

combination was typically found on rich, well-drained (loams).

Sugar Maple-

Tolerant hardwood forests, dominated by Sugar Maple, American

Beech-

Beech and Hemlock probably also had a larger component of White

Hemlock or

Pine during pre-settlement times and until the early European settlers

Beech-Sugar

heavily harvested White Pine and Hemlock.

Maple-

It was found growing on sands and coarse loams, and to a lesser extent,

Hemlock forest on shallow substrates over bedrock and rock. Soils have finer silt and
clay components. The moisture regime ranges from moderately dry to
(Mixed forest)

fresh. This species combination is typically found on slopes with
adequate moisture and good drainage.
On lower to mid-slope, and bottomland topographic positions, as well
as in seepage areas with sands, loams, and sometimes clays, Sugar
Maple, Beech, and Eastern Hemlock are accompanied with Yellow
Birch and Eastern White Cedar, and transition into Sugar MapleBeech-Hemlock-Yellow Birch.

This species association consists of Sugar Maple-Beech with varying
amounts of Hemlock, but can also have Red Maple or Red Oak.
Significant presence of Red Maple in either of the two assemblages
indicates disturbance and it is characteristic of modern, not presettlement forest.
Sugar Maple-

Sugar Maple and Elm are the dominant species in this forest type

Beech-Elm-

followed by other associate species such as American Beech, Basswood

Basswood-

and Hemlock. American Elm is most common on flats and bottom

Hemlock

lands throughout its range but is not restricted to these sites. It is found
on sands, loams, and rarely on clays. Soils may have an accumulation of
organic material from 20-40 cm deep. Soil depth ranges from very
shallow to deep. This vegetation type is found on middle to lower
slopes, bottomlands, and poorly-drained tablelands with complex
micro-topography.

Sugar Maple-

The Sugar Maple, Beech, Spruce combination appears most frequently
on the well-drained loam tills, the sands, and the gravels. The sands
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Present landscape:
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Beech-Spruce

have a somewhat larger proportion of spruce present than the tills or
the gravels.

Sugar Maple (without American Beech) dominated forests
As a result of disturbances and forest management, tree species compositions of species rich and
diverse variants of Sugar Maple-Beech forests have been homogenized. As a result, in many forests
and stands Sugar Maple predominates or creates almost pure stands. Some of the Sugar Maple stands
from the 1950s mapping (forest class Sugar Maple) are most likely stands that used to consist of higher
tree diversity and were in pre-settlement forest.
Sugar Maple Elm

Sugar Maple-White Elm is usually found on clay plains while Sugar
Maple-Beech (described previously) is found on till plains. These
two associations are accompanied by many other tree species
having different abundances. The common association of Sugar
Maple and Elm is certainly not as common as it was before the
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spread of Dutch Elm Disease in the early 1960's.
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Sugar Maple-White Elm occurred on middle to lower slopes,
bottomlands, and poorly drained tablelands with complex
topography. On these sites Sugar Maple is often accompanied by
White Elm, Yellow
Birch, Black Maple (Acer nigrum) and Green Ash. In fact, the
historical records show that White Elm was a co-dominant species
with Sugar Maple.
This forest can be also described as a transition between wetland
forests and upland forests. The Sugar Maple-White Elm forest type
occurs on clay plains, but also on moist yet well-drained sites,
usually along floodplains. However historical records suggest that
the Maple-Elm forest had a much wider distribution and was not

just distributed along flood plains.
Present landscape:
This community has been described in the ELC as the Sugar Maple
– White Elm vegetation type under the fresh to moist sugar maple
deciduous forest vegetation type.
Sugar Maple-

Sugar Maple and Basswood co-dominate this association, but

Basswood

White Elm, Green Ash, Yellow Birch, White Pine, or Red Oak
can also be major or minor associates of this forest community.

Basswood
(185.6ha)

Besides Sugar Maple and Basswood, these forests were abundant in
White Elm and Green Ash, which is indicative of higher nutrient
content in moist soils.
Sugar Maple-Basswood appears usually on rich loamy soils,
however most of these forests have been cleared for agricultural
production. According to Eyre (1980) this is a transitional
association to Sugar Maple-Beech, Sugar Maple-Beech-Yellow
Birch, or Beech-Sugar Maple. This forest occurs in small areas, but
in terms of succession it is considered to be a climax forest. This
forest transitions into Sugar Maple – Hemlock forest, Sugar
Maple-Basswood-Beech and Sugar Maple-Basswood-White Elm.

Sugar Maple-

Sugar Maple (Acer saccharum) is the dominant species in this

Basswood-Elm

combination although Basswood and Elm are the key indicator
species of the cover type. The proportions of Basswood and Elm
are variable but tend to maximize in cool mesic conditions. White
Pine was sporadically associated with these species.
Present landscape:
Other species associated with this forest type are White Ash,
American Beech, Black Cherry (Prunus serotina), Red Oak,
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1950: Sugar Maple-
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Hemlock and White Pine.
Sugar Maple-Elm-

This combination was likely Black Maple with White Elm and

Yellow Birch

Yellow Birch as co-dominant species.
Present landscape:
These forests if disturbed tend to have more Ash, Elm and Yellow
Birch, and if less disturbed have a higher predominance of Maples.
However, due to the arrival of Dutch Elm disease in the 1960’s,
the population of Elm trees drastically diminished. As a result, Elm
trees are found as younger and comprise of a very small percentage
of stand basal area (if any) in mixed forest stands than formerly.

Sugar Maple-

This species assemblage typically grows where the rolling ridges

Yellow Birch

are covered with silt loam soils. Besides Sugar Maple and Yellow
Birch, this forest is also comprised of Balsam Fir and to some
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degree White Ash, White Elm, Basswood, White Cedar and
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Eastern Hemlock.
Sugar Maple-

Sugar Maple-coniferous-Yellow Birch is a climax forest. Along

coniferous-Yellow

with Sugar Maple, this forest also consists of Yellow Birch,

Birch

Hemlock Balsam Fir, and White Cedar. It usually occurs on lower
slopes and sites with complex topographies. Variants of this forest
are Maple-Beech-Hemlock-Yellow Birch.

Sugar Maple – Oak forest
Sugar Maple-Oak-

This Maple-Oak species association contains Sugar Maple, Red

Basswood-Hickory

Oak and White Oak as the dominant species with American
Basswood, Shagbark Hickory (Carya ovata), Black Cherry, Red

Maple, White Birch and Trembling Aspen as associate species.
This commonly occurs on sands, coarse loams, and shallow soils
over calcareous bedrock as well as fine loams. It is usually found
on upper to middle slope or tableland topographic positions.

Oak forests
Red Oak-

This association was mapped in 1950, while there are no

Basswood-White

references in the literature specific to this forest assemblage.

Ash

Presence of Basswood in this 1950s vegetation types is
overlapping with pre-settlement distributions of Sugar Maple and

Basswood-White

Basswood, and in the southern portion of the region with Oak
distributions.

Ash
(38 ha)
Oak -Beech-Sugar

On drier sites Red Oak used to predominate with Beech and

Maple

Sugar Maple.

Mixed Oak and

Red Oak, White Oak, Shagbark Hickory, Bitternut Hickory and

Hickory-

Red Maple are all common associates in this forest cover type.
The dry-fresh Oak-Hickory forest type is common on the
Napanee limestone plain, but occurs sporadically elsewhere in
southern Ontario. This species association is typically found on
sands and coarse loams having some silt and clay particles, as well
as fine loams and clays. It is also often found on upper to midslope or tableland topographic positions. Infrequent disturbance
and increased soil moisture availability have caused mid-tolerant
hardwoods such as Red Maple, Shagbark Hickory and Bitternut
Hickory to become associated with the more intolerant Oak

Historical vegetation mapping for the Region of Peel, Puric-Mladenovic et al. April, 2012

1950: as Red Oak-
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species.
Oak-Pine

This forest type is usually dominated by Red Oak and White Pine.
This mixed forest (i.e., conifer and deciduous) grows on dry

1950:
White Pine-Red
Oak- White Ash
(3.3 ha)
Red Oak (1.7ha)

upland sites, where White Pine and Red Oak can be accompanied
by White Ash. Soils are usually rapidly drained sands and loams.
Oak-Pine mixed forest type is found sporadically throughout Site
Region 7E, usually growing on shallow, coarser soils.
Periodic burning promoted Oak and Pine forests, which limited
the domination of Red Maple. From the 17th century, with a
decrease in the native population and reduced burning, the
existing forest continued to grow and mature and open fields
were overtaken by trees.
Prior to European settlement, White Oak was far more common
as a dominant species in forest cover than it is today. In the lake
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1950:
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White Oak
(252.5ha)

states, It was associated with well-drained slopes and formed
almost pure stands on flat to rolling uplands. White oak does best
in a regime of recurring low-intensity disturbances that include
understory fire, which explains its decline post European
settlement.

White Cedar

This species combination is dominated by White Cedar, although
it can have the following associate species: White Birch, Large-

1950 (1144ha)

tooth Aspen (Populus grandidentata), Trembling Aspen (Populus
tremuloides), Sugar Maple, and/or White Ash (Fraxinus americana).
This type of stand is most commonly found in sands and loams,
often over basic and carbonate substrates and bedrock, in the dry
to fresh soil moisture regimes.

However white cedar stands mapped in 1950’s and the present
landscape likely include some pre-settlement remnants but also
cedar succession that occurred on agricultural fields and disturbed
wetlands and swamps.
White CedarHemlock or
Hemlock- Eastern
White Cedar

The prevalence of Hemlock (Tsuga canadensis) has declined as this
tree was heavily logged in the 19th century when European settlers
arrived in Canada. White Pine and Balsam Fir are common
associates with Hemlock and White Cedar, with the following as
less common associates in this vegetation type; Sugar Maple,
Green Ash (Fraxinus pennsylvanica), and White Birch. It occurs on
both shallow and deep soils with a wide range of textures,
carbonate substrates and bedrock.
Hemlock and White Cedar (Thuja occidentalis) comprise the
majority stocking in this cover type. Yellow Birch is well
represented only on the organic soils where it may form a third of
the canopy. This type may be found as a transition cover type on
lower to bottom slopes. Other common associates in this forest
type are Yellow Birch, Balsam Fir, Red Maple, Sugar Maple,
Black Ash, White Pine and Basswood.

Hemlock or Hemlock-White Pine forests
Hemlock forest

This species assemblage was characterized by the dominance of

1950:

Eastern Hemlock and White Pine. A sub-association, generally

Hemlock (140.4ha)

completely dominated by Eastern Hemlock, was typical for more
flat, poorly drained areas, where loamy soils might be underlain
by clay. Fully stocked stands of Eastern Hemlock tend to develop
similar microclimates because of their dense canopy, dense
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including sands, loams and clays. It is typically found on basic or
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shading, deep duff layer, and subsequent retention of moisture
and uniformly low temperatures. Pre-settlement forest of
Hemlock has been described as having a thick layer of moss (5-7
cm).
Hemlock- Eastern
White Pine
1950: White Pine –
Hemlock (39.3ha)

Eastern White Pine is a common associate with Hemlock on soils
that tend to be of a sandy texture, well mixed with humus, moist,
and well drained.
On these sites Eastern White Pine is often a major component
along with Eastern Hemlock, in topography where higher sites are
dominated by White Pine and lower (wetter) sites are dominated
by Hemlock. This association is far less common than previously
due to the over logging of White Pine by early settlers in the
1800s. This association was likely interspersed with Sugar MapleBeech –Hemlock.

Hemlock- Yellow
Birch

Hemlock was associated with Yellow Birch on till plains and
outwash deposits (Most likely on slightly acidic soils). These are
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typically rich moist soils where besides Eastern Hemlock and
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Yellow Birch, Sugar Maple, Beech, Basswood, and White Pine
can occur.

Coniferous swamps
Tamarack-White
Cedar

Tamarack-White Cedar, a conifer mixed swamp, typically
occurred in areas where there was a flow of ground water which
ensured persistence of White Cedar. However, in areas
containing depressions, White Cedar and Black Spruce were
associates. There are a number of associations of Tamarack and
White Cedar: Tamarack-Cedar; Tamarack-Cedar-Spruce.
These coniferous forests on wet sites (coniferous swamp) are

usually dominated by various mixtures of the following species:
White Cedar, Tamarack, Balsam Fir and Black Spruce. Any of
these species may also occur in almost pure stands. .
On mineral soil (upland) sites White Cedar is characteristic of
seepage areas and limestone uplands. It is common on shallow
loam over broken limestone in southeastern Ontario. Tamarack
can tolerate a wide range of soil conditions but grows most
commonly on wet to moist organic soils (Histosols) such as
sphagnum peat and woody peat. Because it can withstand high soil
moisture, high acidity, and low soil temperature, tamarack is
more abundant on peatlands than trees characteristic of
sites such as moist but well-drained loamy soils along streams,
lakes, and swamps; seep areas; and mineral soils with a shallow
1950: Tamarack
(47.4ha)

surface layer of organic matter.
Present landscape
Due to agricultural clearing and drainage, some of these wetlands
have disappeared from the landscape or they have been converted
to other land use types. However, without a detailed inventory of
existing vegetation as well as detailed mapping and site visits, it is
difficult to be more specific and determine exactly what happened
to these wetlands.
Tamarack dominated or pure stands were mapped in the 1950s.

White Cedar
swamp

White Cedar is usually a dominant species in rich swamps that
have a strong flow of moderately mineral-rich soil water.
These swamps occur where there is sustained flow of ground
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surrounding uplands. It grows best, however, on more favourable
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water which is typical along streams and at the base of slopes.
Present landscape
As White Cedar was harvested for various purposes, some of the
swamps that still exist on the landscape are most likely
comprised of different species than the ones that formerly existed
(e.g. more shrubby vegetation)

White Pine Forests
White Pine

White Pine can predominate and form more permanent stands
on sandy soils. These stands seldom succeed themselves except in
the presence of fire (Society of American Foresters 1940).

Poplar-Pine

Since Poplar and Pine are both pioneer species, this indicates a
past disturbance on the landscape where they grow.
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White Pine on drier, sandier soils can be more permanent and can
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be sustained for longer time periods. However on heavier soils
White Pine is succeeded by Sugar Maple-Beech-Yellow Birch,
White Pine-Hemlock, or Sugar Maple-Basswood.
White Pine mixed

White Pine, American Beech, Red Maple, Red Oak and some
Hemlock best describe this vegetation type on sandy moraines and
rolling moderately well to well drained sand.
This is a traditional forest between Sugar Maple – BeechHemlock and drier Pine –Oak or Oak forest (Albert and Comer).

White Pine –Red
Pine

White pine or red pine dominates the site, either separately or
together. This forest cover is usually found on relatively infertile

sites, often on sand plains, ridges, and rock outcrops.
White Cedar
(second growth)

Harvesting activities have helped with this type of species
association as second growth White Cedar (Thuja occidentalis)
establishes well on previously farmed, upland sites. In Ontario,
agricultural activities have also encouraged successful colonization
and regeneration of White Cedar in old fields and abandoned
pastures.

Deciduous swamps and bottom land forests

1950 (394ha)

Elm (Ulmus americana) and Black Ash (Fraxinus nigra) are the
dominant species in this deciduous mixed forest type with Red
Maple, Balsam Poplar (Populus balsamifera), Balsam Fir (Abies
balsamea), Yellow Birch and American Basswood as common
associates. Throughout its range, American Elm seldom grows in
pure stands and is usually found with other species. It is a major
component of four forest cover types: Black Ash-American ElmRed Maple. The soils that are organic in nature have a large
proportion of Cedar present.

Elm

Prior to the introduction of Dutch Elm Disease, American Elm

1950 (1161ha)

tended to dominate in lowland and mesic forests containing
mineral soils. However after Dutch Elm disease and decline of
American Elm other tree species have taken over these forest
types (e.g. Green Ash and Read Maple).

Silver Maple-White The Silver Maple-American Elm forest type is common on moist
Elm
sites along river bottoms, floodplains, and lake shores. Other
1950 (296.9ha)
associate species are Green Ash, Red Maple and Basswood.
Forest of Silver Maple-White Elm and most likely Freeman Maple
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Black Ash-White
Elm-Red Maple
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(Acer x freemanii) with White Elm were referred to as Soft Maple –
White Elm in 1950s. In this association, White Elm used to
predominate, while Soft Maples (Silver and Red) used to be less
abundant (From Hofmann and Richards – Peel Count Mapping)
.This association was recorded in 1950s occurring on imperfectly
drained soils and well drained clays that are of limestone origin.
The majority of forest on these soils was cleared by 1950s.
Black Willow
(26.91ha)

Black Willow (Salix nigra) is the dominant species in this forest
type. Willow grows on almost any soil, but its extensive, shallow
roots need an abundant and continuous supply of moisture during
the growing season. The species is most common on river margins
and bottomlands where it occupies (and usually dominates) the
lower, wetter, and often less sandy sites. It is also common in
swamps, sloughs, and swales, and on the banks of bayous, gullies,
and drainage ditches, growing anywhere light and moisture
conditions are favourable. Black Willow is a pioneer species and
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usually exists temporarily before other species out compete.
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White Birch –
White Spruce –
Balsam Fir
Variant in 1950 as
Balsam Fir (6.12ha)

This association occurs on sand and loam soils that are associated
with sites that have cooler temperatures and abundant moisture.
Common components of this species association are White Birch,
White Spruce (Picea glauca), and Balsam Fir, as well as Trembling
Aspen and Large-tooth Aspen.
In 1950s a minor component of Balsam Fir dominated forest was
recorded making about 5.4 ha.

Successional forests

Aspen

Trembling Aspen is a typical pioneer species that forms early

1950

successional Aspen associations. These associations appear on cut-

And

over, over-grazed, burned or disturbed sites. Trembling Aspen is

Dry Successional
Forest

known for occupying abandoned fields and pastures. It occurs on

1950
Pin Cherry (2.2 ha)

a variety of soil conditions, but it avoids the wettest swamps.
Along with Trembling Aspen, Large Toothed Aspen (Populus
grandidentata), Pin Cherry (Prunus pensylvanica), White Elm, Paper
Birch and Balsam Poplar occur.
On abandoned agricultural fields, secondary succession species
such as Hawthorns, Wild Apples, and/or Staghorn Sumac can also
form initial forests. These forests and species are often termed
environmental conditions to convert abandoned agricultural fields
to other forests types. In general, on dry sites, located on sloping
uplands, Hawthorns, Wild Apples or Sumac can dominate the
early succession.
Pin cherry (Prunus pensylvanica) is indicative of secondary
succession. Pin cherry (and likely red raspberry (Rubus strigosus) is
dominant during the first several decades of the secondary
succession.

Black Cherry

Black Cherry is commonly found as an associate with other

(1.53ha)

northern hardwood species. The small forest pockets dominated
by Black Cherry in 1950s were parts of other woodlots and
indicate forest succession.

Paper Birch

Paper Birch is a cold climate species that can form pioneer
communities on a wide range of soil moisture conditions. It

1950 (170.1ha)

usually lasts one generation on cut-over and burned-over areas. It
forms pure stands or is associated with Aspen, Balsam Fir, Yellow
Birch, Hemlock, Red Maple, Red Oak and Basswood. It is
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‘scrub forests’ and are not valued, even though they provide the
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commonly succeeded by Spruce-Fir or northern hardwoods
(Ontario Ministry of Natural Resources, 1976).
Wet Successional

Balsam Poplar can form pure stands on moist sites. An

Forest

understory of Spruce and Balsam Fir is often established on wet
sites, with tolerant hardwoods forming the understory on drier

1950 (448.11ha)

sites (Ontario Ministry of Natural Resources, 1976).
On wet, low or depressional sites, with high moisture regimes,
Willows and Dogwoods (Cornus spp.) lead the secondary
succession (Ontario Ministry of Natural Resources, 1976). There
are a number of other species that are important components of
forests.

Yellow Birch (39

Yellow Birch, though a significant component of some vegetation

ha)

types, is seldom found in pure stands, and as a result there is no
recognized Yellow Birch separate forest type. It is a major
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component of Hemlock-Yellow Birch and Sugar Maple-Beech-
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Yellow Birch, where it is usually found singly or in small pure
groups in mixtures with other species.

Other forests from 1950s
Black Locust (1.5

Black Locust was not recorded as a dominant of pre-settlement

ha)

forest. It is hard to pinpoint the origin of the small amount
recorded in 1950s.

Plantation 218 ha
In 1950s plantations made about 2% of the forest cover.

Non-forest vegetation types

Marshes

Marshes are periodically or permanently covered by water that
remains within the rooting zone of plants for most of the growing
season. There are many different kinds of marshes and they can be
emergent and shrub dominated. Emergent marshes along the
shores of lakes and streams, characterized by emergent narrowand broad-leaved herbs and grass-like plants as well as floatingleaved herbs, were modeled as part of pre-settlement wetlands
and were not separated from swamps.

Grasslands

Prairie and savannah originally occupied almost 10,000 hectares
in southern Ontario, but have since been drastically reduced to

savannah
1950:

tiny fragments (Kidd et al 2000), amounting to no more than
2,100 hectares. Most of the prairie and oak Savannah is located at
Walpole Island Indian Reserve (450 ha), the Windsor Ojibway
Prairie Remnants ANSI (320 ha), and Pinery Provincial Park

White Oak-Black

(1,250 ha). A significant amount of prairie and oak savannah loss

Oak-Northern Red

can be attributed to the conversion of these grasslands to other

Oak (2 ha)

land use forms, most commonly agriculture, along with the
suppression of fires. In the present landscape, survival of both the
larger and scattered, and small remnants, are also jeopardized due
to the absence of fire which is an important disturbance for the
maintenance of grasslands (Chapman and Brewer (2008).
Prairie
Prairie is a natural community that is dominated by grasses rather
than by trees. Growing with the grasses are many other kinds of
non-grassy herbaceous ("forbs") plants. Scattered shrubs may be
present; however trees are either absent or solitary. These sites
are scattered sporadically across the landscape from Windsor to
the eastern part of the province. Approximately 20% of plants
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Prairie and
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designated as rare in Ontario are associated with prairies. The rich
fertility of prairie soil, coupled with the fact that few trees were
present, made these areas ideal for agricultural development.
These areas support some of the most productive agricultural soils
in Ontario, and as a result much of their native vegetation has
been replaced by agricultural crops. Typical savannas and prairie
plant species include Big Bluestem (Andropogon gerardii), Little
Bluestem (Schizachyrium scoparium), Indian Grass (Sorghastrum
nutans), and Switchgrass (Panicum virgatum). Wild Bergamot
(Monarda fistulosa), Black-eyed Susan, and Bush clover (Lespedeza
virginica) are typical non-grass species present. In areas of more
moisture, sedges and ferns are present. On moist soils, prairie
blends into marshlands dominated by sedges rather than grasses.
Savannah
Savannahs are plant communities where open-grown trees are
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scattered and widely spaced while the entire area (ground
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layer/understory) is dominated by grasses. Common types of
savannah in southern Ontario based on tree compositions are as
follows: Oak Savannah, Pine Savannah, and Oak-Pine Savannah
Oak Savannah
Oak savannah is a plant community, which consists of widely
spaced oak trees and grasses that dominate the understory (Kidd
et al 2000). They are often broadly described as “oak openings”
(Brewer and Grigore, 1993). Oak openings in general consist of
oak savannahs (4-43 trees per hectare) and oak barrens (1-3 trees
per hectare). Among oak savannah communities, Black Oak
(Quercus velutina) is probably the most typical species. This

community has a large distribution range and occurs in southern
Ontario. Plant species that are associated with Black Oak
Savannahs are big bluestem, little bluestem and Indian grass, and
prairie flowers such as cylindrical blazing star, hairy bush-clover
and showy tick-trefoil, plus the wild lupine (Kidd et al 2000).
Black Oak is a major associate in White Oak-Black Oak-Northern
Red Oak, which was captured for the Region of Peel in 1950s
mapping.
Soils associated with Oak Savannahs are usually low in nutrients,
well drained and sandy (Kidd et al 2000).

Ruffner (1995); Albert and Comer (2008), Armson (2001); Barnes (1976); Barnes and Wagner
(1981); Boysen (1994); Braun (1950); Burns and Honkala (1990a, 1990b); Canada Department of
Forestry (1961); Carleton and Taylor (1983); Chapman and Brewer (2008); Clark (1958); Eyre
(1980); Farrar (1995); Godman (1965); Godman, Yawney and Tubbs (1990); Heidenreich (1973);
Hoffman and Richards (1955); Horton and Brown (1960); Howe (1913); Lee, Bakowsky, Puddister,
Uhlig and McMurray (1998); Keddy (1993); Kost, Albert, Cohen, Slaughter, Schillo, C.R. Weber,
and K.A. Chapman (2007); Larson, Riley, Snell and Godschalk (1999); Maycock (1963); McLachlan
(1997); Nyland (1998); OMNR (1976); Puric-Mladenovic (2003); Rink (1990); Schultz (2003);
Strobl and Bland (2000); Stritch (1990); Tindall, Gerrath, Melzer, McKendry, Husband and Boland
(2004)

Application of pre-settlement mapping
Pre-settlement vegetation mapping for the Region of Peel is a scientifically derived model of vegetation and
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Vegetation classes have been described based on: Abrams (1996, 1998, 2001, 2003); Abrams and
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tree species distributions as they existed prior to when European Settlement and major land clearing and
disturbance took place. The mapping shows that the composition and distribution of pre-European forest
cover for the most part was mature / late seral forest. The main landscape matrix was forest that blanketed
almost the landscape.
Maps of pre-settlement vegetation and landscape condition alone, or in combination with the existing land
uses and vegetation mapping, can be used to support a diverse range of natural resources management and
land use planning applications. As such the mapping can be used to support informed decision making that
looks beyond the existing states and accounts for past and present landscape and vegetation potentials.
With pre-settlement vegetation maps it is possible to determine what proportion of the original vegetation
cover still remains on the landscape and what proportion has been lost, disturbed and altered over the past
200 years due to land clearing, farmlands, logging, development and agriculture. To understand the
formation of the current vegetation and to predict the direction of future vegetation changes, it is also
necessary to understand the past. From the historical vegetation data, it is possible to learn more about the
landscape before the first European settlers came and drastically altered it, leading to decreases of certain
species and increases in others. Pre-settlement maps can also serve to inform the public about the natural
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Pre-settlement vegetation mapping has found scientific and practical applications in many natural resource
management disciplines, from vegetation analysis, forestry, landscape planning, land use planning and
wildlife conservation, to urban forestry. Important as an expression of the natural conditions operating at
site, it is a valuable tool to land managers faced with protecting and restoring landscapes where much of the
vegetation has been removed or changed. For example, on Crown Land in northern Ontario, Forest
Management Planning Teams have been using information about historical forest cover conditions to set
specific goals for Forest Management Plans to ensure that harvesting and silvicultural activities are managed
within the “natural bounds of variation”.
In southern Ontario, pre-settlement vegetation maps have been identified as an important existing
information gap by many agencies and organizations involved in conservation, restoration, land
management and planning activities. For example, reference vegetation/ landscape condition has been
recognized as an information gap by the Natural Spaces program led by MNR and the National Agri-

Environmental Standards Initiative (NAESI) led by Environment Canada and Agriculture and Agri-Food
Canada. Furthermore, numerous decisions that support management and stewardship activities related to
conservation (e.g., woodland, wetland, and prairie restorations, recovery of species and habitats at risk,
land acquisition) would benefit from pre-settlement vegetation mapping by directly influencing the success
of these activities. In addition, the mapping could directly feed into the ecological risk assessment studies
where impacts and change in vegetation can be measured (e.g. Puric-Mladenovic 2003; Ellenberg 1988;
Miyawaki 1998; Brzeziecki et al. 1995).
The specific applications of pre-settlement vegetation and landscape condition modeling and mapping, have
been listed and grouped in Table 5. The lists of applications were derived from the scientific literature
review and practical examples from Ontario and other parts of the world. For the Region of Peel presettlement mapping is available in a spatial format or as thematic maps that can facilitate many of the
analysis. However, predictive vegetation models and historical vegetation maps are not regional planning
instruments; they are a basis for informed decisions. These models and maps provide a scientifically-based
view of the regional vegetation and should be used as a starting point for forest and landscape conservation,
their management and also for broader land use planning (Puric-Mladenovic, 2003)
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T ABLE 5. E XAMPLES OF APPLICATIONS FOR PRE - SETTLEMENT MAPPING

Applications
Pre-settlement vegetation and landscape maps, as a reference condition, alone, or in
combination and overlay with the existing vegetation maps, land use maps and similar mappings
support numerous applications explained in more details below. Pre-settlement vegetation and
landscape maps, as a reference condition, alone, or in combination and overlay with the existing
vegetation maps, land use maps and similar mappings support numerous applications explained
in more details below.
Pre-settlement vegetation as a reference condition
Existing vegetation maps, despite their quality and fine level of spatial detail, are not sufficient to
be used for short- or long-term landscape and land-use planning, natural resources management
nor conservation. Without spatial information about historical natural vegetation, landscape and
vegetation planning and management are flawed because the current state of the landscape and its
vegetation is considered as an acceptable threshold. This assumption will lead to further
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environmental and landscape degradation, loss and degradation of floral and faunal biodiversity,
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as well as deterioration of many other ecological functions and processes. Without spatial
information about a landscape’s reference condition or a benchmark there is no measure with
which to compare and understand the existing landscape state. Historical vegetation can be
applied to provide this benchmark. In many European countries and Japan, land development
programs such as nature conservation, landscape management and regional planning are
primarily based on reference and actual vegetation mapping. For example, in Europe and Japan,
Potential Natural Vegetation (PNV) is usually used as a reference condition while in the US,
Australia and Canada pre-settlement vegetation is more commonly used as a reference condition.
Gap analysis
A Dictionary of Ecology (Allaby 2010) defines gap analysis as "a technique, first performed in
1978 by the American ecologist Michael Scott, for identifying ecosystems in need of

conservation. Dunster and Dunster (1996, p.144) define gap analysis, similarly to the definition
of the national GAP analysis approach undertaken in the USA, as a "methodology used to assess
important components of biodiversity to determine which components already occur in
protected areas, those that are underrepresented within those areas, or those that are
unprotected from potentially destructive or irreparable activities".
Gap analysis concerning the distribution of natural vegetation over landscapes has been the aim of
a wide range of research studies in land management disciplines. It has been extended beyond its
original applications and protected areas towards entire landscapes. In different studies, the
methods of defining gaps, discontinuity, and/or under-representation of natural vegetation have
been named differently: GAP analysis, ecosystem restoration, conservation targets, measures of
‘naturalness’, assessments of ecosystem health, ‘actual-to-potential entropy ratio’, degree of

Gap analysis, undertaken based on the existing and pre-settlement vegetation, provides
important information necessary for directing forest conservation and management and also land
use planning in settled landscapes. For example, gap analysis enables interested parties to see
how the present forest cover corresponds to the pre-settlement distribution of forest types and
defines where vegetation gaps exist. The purpose of gap analysis should also be to assist in
defining more effective strategies for vegetation and forest conservation and enhancement; in
setting up targets for future forest cover; and establishing conservation targets for defining
natural heritage systems restoration, as well as improving significant woodlot and wetland
criteria.
Identifying gaps in the distribution of existing vegetation based on historical data has been done
in a number of studies, particularly in the USA. Based on the results of a GAP analysis,
conservation plans and restoration efforts to address community under-representation can be
effectively designed. Defining gaps in vegetation distribution can therefore inform policy,
decision making and conservation planning.
An example of the GAP analysis and a case study for the Region of Peel is included in the
Appendix B. Gap analysis in this study concerns the distribution of pre-settlement vegetation
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types, ecosystems and species distribution in Peel, and is not related to gaps (openings) in the
forest canopy and gap phase dynamics. It refers to the methods used in defining gaps,
discontinuity, and/or under-representation of potential natural vegetation in landscapes.
Supporting, improving and Informing Policy and related policy criteria and
implementation
Policies
Policies related to natural resources and feature protection (e.g. significant wetlands, significant
woodlands, natural heritage systems,) are based on the existing condition without consideration
of vegetation that has been lost over the centuries. The policies are formed based on vegetation
that remains on the landscape today, which is just an artifact of prolonged human influence.
Pre-settlement maps can serve as important science based evidence to support policies that deal
with conflict between land development and conservation. Information on the pre-settlement
(more natural; undisturbed or less disturbed) state of vegetation can make convincing arguments
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projects.
Natural Heritage System Design and Planning, and related Policy
Pre-settlement vegetation mapping can help to improve Natural Heritage Planning policy and its
implementation. In the past decade land use legislation has been put into place to protect land
around the GTA from development and to ensure more sustainable development that protects
nature. An example in southern Ontario is the Green Belt Plan and its natural heritage system.
Whilst Natural Heritage System (NHS) areas within the Plan were selected based on their
present importance for containing ecological diversity and serving ecological functions, presettlement vegetation mapping could assist in improving Natural Heritage Planning by
strategically identifying rare and underrepresented features and land areas that should be
protected. Thus, in areas where pre-settlement mapping exists it can be incorporated into the

methodology for identifying NHS and thus indirectly into the policy.
The mapping can assist policy makers and conservationists to not only look at what vegetation
exists at present, but also look at what vegetation has been lost (based on gap analysis) compared
to the landscape potential vegetation that existed 200 years ago. By taking the past condition as a
reference, and comparing it to the present landscapes, policy makers and conservationists would
have a full understanding of the existing landscape and vegetation state, and would be able to set
conservation and policy targets accordingly. Information from scientifically derived presettlement maps can be used to make convincing arguments and provide templates for future
restoration and policy decisions.

Natural Heritage System (NHS) designs are an important component of the emerging process of
ecologically-based land-use planning. Application of these systems ensures the protection of
biodiversity and ecological functions. Historical vegetation maps can help set appropriate
conservation targets for representation of various vegetation community types to be included in
natural heritage systems.
Protection of non-forest or naturally vegetated lands as part of NHS
Pre-settlement vegetation maps provide evidence for land areas and vegetation features that
should be protected due to their historical and potential significance rather than the present value
judgment. For example land that is presently used as agriculture or has forest and vegetation that
is by mediocre standards considered low quality, is often considered less worthwhile protecting.
For example, many so called scrub forests or successional patches should be assessed against presettlement mapping to determine if the area has potential for restoring previous diverse
ecosystems. Pre-settlement vegetation mapping also provides the information needed to ensure
protection of areas with significant biodiversity potential rather than areas that are currently
green and therefore more convenient to protect.
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NHS, policies and private lands
In the case of many municipalities in southern Ontario, about 80% to 90% of the land and
natural remnants are in private ownership. Trying to protect these for the greater public and
ecological good are both social and political challenges. As a result of the legislation, it is
necessary to build land-owners’ knowledge about the history of their property so they can
understand and value the role of their land and natural vegetation. With pre-settlement
vegetation mapping, private land owners would have an opportunity to better understand what
has been lost, as well as what is the value of their properties in conserving and improving
ecological integrity. For example, stewardship coordinators and practitioners working with
private land owners have found that the public shows a keen interest in learning what kind of
historical vegetation cover existed on their properties so they can recreate the same vegetation
cover on their lands.
Significant woodlands criteria
Pre-settlement maps can be used in combination with existing mapping to improve significant
Historical vegetation mapping for the Region of Peel, April, 2012
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For example, significant woodlots are identified based on a set of criteria, one of them being
size. In some cases certain woodlots are only considered significant and worth protecting if they
are above a minimum size of 4ha for example. Due to this minimum requirement (4 ha is
considered as forest that has ecological value and a lot of edge), many woodlots that are below
the threshold size fall in between the criteria cracks and as a result are not protected. However,
despite their size, these “less significant” woodlots might be the last representatives of rare
vegetation types, but this would never be known since they are under the ecological threshold.
For example, if it is known that a woodlot is smaller than the minimum size but represents only
1% of an ecosystem that was previously there, then it should be protected regardless of its
current size. Incorporating pre-settlement mapping and gap analysis into building additional
significant woodlots would ensure protection of smaller significant woodlots or ecosystems.

Significant wetlands criteria
Despite the fact that more than 80% of wetlands have been lost in southern Ontario, many small
wetlands, are still not protected nor defined as significant as they do not meet wetland size
criteria. Similar to significant woodlands, incorporating wetland gap analysis and pre-settlement
mapping into significance criteria would ensure that there is evidence to protect these smaller
and valuable wetland features.
State of the resources reporting
The use of standard pre-settlement vegetation thematic mappings provides a basis for common
communication, reporting, analysis and application across different jurisdictions and disciplines.
basis for reporting on the state and naturalness of the landscape and vegetation types.
Landscape, land use and development planning
Pre-settlement maps provide knowledge about natural vegetation distribution and landscape
potential. Regardless as to whether natural vegetation is present on the landscape or not, the
mapping can be used during the land use planning process to optimize, direct and restrict
development. For example, based on the pre-settlement mapping and the results of gap analysis,
it could be confirmed that less than 1% of the natural forests remain on the landscape, and that
99% has been removed or changed. This empirical evidence can be directly incorporated into
planning, decision making and related policies. Planning in cases like this would not only target
the full protection of existing remnants, but more over protection of land that used to support
these vegetation types and that can support their restoration. Thus, pre- settlement mapping can
be used not only to build sufficient evidence for protection of the remnants, but also for
protection and restoration of presently non-forested lands that used to and could support natural
vegetation types again.
Restoration and rehabilitation
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Settlement of Southern Ontario was accompanied by land clearing, logging, development and
agriculture. As a result, the original landscape and ecosystems are highly altered in terms of
species composition, diversity and total forest cover. Mapping the pre-settlement landscape and
vegetation distribution can help guide restoration efforts by providing a benchmark of the
condition of specific areas. Apart from increasing canopy cover, appropriate and informed
ecological restoration targets and locations for restoring specific vegetation community types
would also benefit many biodiversity functions.
To respond to the rapid pace of environmental changes in southern Ontario, it is not enough to
just protect and manage existing natural cover. Aiming to enhance and restore the environment
is also necessary to face these changes and challenges. Southern Ontario landscapes, along with
careful land-use planning, require strategically-based rehabilitation and restoration. In order to
accomplish strategic restoration within a landscape context, it is necessary to have a reference
vegetation condition against which the state and function of existing vegetation cover can be
measured. Such a reference condition also provides a basis to set targets for resource
management and restoration activities. Furthermore, pre-settlement vegetation as a reference
condition represents land potential and identifies the specific vegetation cover types that are
Historical vegetation mapping for the Region of Peel, April, 2012
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Other than the need for restoring rare vegetation types and species at risk habitats (e.g. prairie
restoration) many conservation and government organizations would find the historical
vegetation mapping useful for other restoration projects. A number of these organizations in
Ontario have come to the conclusion that setting restoration goals should fully incorporate
historic loss of species or reduction of stocks/populations so that the extent of these losses is
fully understood. In addition, including historical vegetation cover in management plans would
assist with restoration plans for newly acquired parcels. Having access to information on species
composition prior to European settlement would be invaluable to achieving restoration goals.
Public education and awareness
Pre-settlement mapping can be used to inform the public of the importance of conserving,

rehabilitating and restoring landscapes. Knowing the past vegetation composition and
distribution and how it compares to the present landscape can help garner support for
conservation and restoration on both public and private land.
In Ontario for example, general newspapers (e.g. municipal newspapers) have shown an interest
in publishing information on pre-settlement maps and using them to inform and educate the
public on the drastic changes of the landscape over the past few centuries. With this knowledge,
the public would have a better appreciation for the land. With a lot of land in private ownership,
this information can assist in building land owner awareness and increase their participation in
protecting and planting species that existed previously on their land. The more knowledge
people have, the more inclined they will be to assist in improving ecological diversity by
volunteering for many environmental causes. For example, volunteering to clear out invasive
condition. A well informed public has the potential to change how decision makers currently
protect the environment to a more acceptable level of conservation and restoration. Historical
maps can be used to sway public opinion by putting more pressure on different levels of
governments to protect not just rare species, but also vegetation types and landscapes through
development restrictions. Information on pre-settlement vegetation distribution mapping can
help in policy decision making and in advocacy work related to past and current habitats.
Children and youth education
Engaging children and giving them access to this information is also important as they are the key
to the future. If children have an understanding from an early age that the present situation is not
the full landscape potential, they may be more inclined to improve the current state as they have
a strong influence on their parents and communities.
Stewardship Planning
Furthermore, numerous decisions that support management and stewardship activities related to
conservation (e.g., woodland, wetland, and prairie restorations, recovery of species, habitats at
risk and land acquisition) would benefit from pre-settlement vegetation mapping and directly
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influence the success of these activities. The need and importance of this type of mapping is
specifically addressed by different groups in southern Ontario.
Cultural Heritage, History and Archaeological Applications
Historical mapping can be used for archaeological and historical purposes. In Ontario for
example, archaeologists and academics have expressed an interest in using pre-settlement
mapping to derive more information about native people, detect their settlements, determine
how they utilized landscapes prior to European settlement, and thus protect those historical sites
from development.
Pre-settlement vegetation mapping can tell archaeologists a lot about the movement of native
people through the centuries. By having an understanding of successional stages of certain
ecosystem types, they can determine where land was disturbed with fires and agriculture. For
example if an area has a lot of pine, which is an early successional species, it was probably
disturbed at one point, likely due to past agriculture. In the same logic, areas that are covered by
maple-beech forest are unlikely to have been disturbed since this is late a seral vegetation type

Historical vegetation mapping for the Region of Peel, April, 2012

dominated by long-living trees.

81

Archaeologists are interested in modeling forest dynamics using evidence of blow-downs, etc.
Their interests are driven by the need to understand the pre-settlement environment in order to
better interpret pre-contact Aboriginal land-use patterns, not only over the last two millennia
when agriculture developed, but also over the late Pleistocene/Holocene transition from spruce
parkland to boreal forest to northern hardwood forest.
Pre-settlement information could hold information on old trails along which Indian trail marker
trees existed. These are trees that were modified by Aboriginals (and possibly early settlers) to
indicate the way to camps, settlements, water sources and the best areas to ford creeks and
rivers. They served as “road signs” to navigate through a sea of forest. Some of these marker
trees might still exist on the landscape.

Directing forest management and silvicultural practices based on natural and existing
vegetation.
For example, long-term management of mid-aged to mature stands can be directed towards
reference conditions (historical vegetation). Silvicultural practices applied to pure Sugar Maple
stands (resulting from past management practices), where the natural vegetation used to be
maple-beech-basswood-elm, could promote tree species other than sugar maple. Early
successional, pioneer and plantation stand conversion practices could also be directed with the
knowledge of understanding what vegetation previously existed. Management and silvicultural
practices for a Pine plantation established on a site where the natural vegetation is Hemlock-Pine
would differ from those in Pine plantations where the natural vegetation is Maple-Beech forest.

practitioners the upper-hand in forest management. With the knowledge of understanding what
vegetation existed prior to European settlement, it is possible to determine the amount of
indigenous ecosystems that have been lost by comparing past landscapes to current landscapes.
Practitioners would also have the ability to determine the amount of ecosystem fragmentation
and loss that has occurred over the centuries. In southern Ontario for example, many
conservation groups and organizations would like to use the historical information in their
management plans, especially when acquiring new parcels of land for conservation. Information
on pre-settlement vegetation of a site would enable conservation groups to invest their resources
strategically, as they would be able to protect the most underrepresented and valuable vegetation
types. By knowing what pre-settlement vegetation existed, they can set restoration goals that
fully incorporate historic loss of species.
Succession models
Pre-settlement mapping in combination with succession models can be consulted to determine
the future vegetation state and thus appropriate forest management practices on a case by case
basis. Pre-settlement information can provide guidance in where and how much to maintain the
diversity of native species and community types. Directing forest management and silvicultural
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practices based on natural and existing vegetation is of the utmost importance if they are to be
successful in meeting conservation goals.

Future vegetation scenarios
Beyond examining the differences between existing and reference vegetation, some studies
examine future vegetation scenarios resulting from various management approaches. For
example, Wallin et al. (1996) used the landscape condition of pre-European settlement as a
reference for evaluating current forest management, as well as alternatives for the future, in the
Pacific Northwest of the U.S. Results of their study showed that conditions on the two examined
watersheds in 1990 did not correspond to the range of conditions that existed during the
reconstructed pre-settlement time. Moreover, these authors showed that the continued use of
short rotation timber production (50 to 100 years) would result in conditions even further away
from the pre-settlement condition. These authors suggested that longer rotation lengths (200+
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Urban forestry and urban forest planning and management
Directing management and planning of urban forests could be partly based on historical
vegetation maps. The complex urban environment, with all its land uses and built up areas,
would need to be cross-referenced with historical vegetation maps in order to define sites for
restoration and tree planting. Typical urban land uses such as: schoolyards; industrial areas;
residential properties; etc., do not offer much opportunity for restoring larger tracts of natural
forest. However, within urban areas there are places where the environmental conditions can
still support species from the native forest. Thus, the choice of species in such areas should be
based on the natural vegetation of the site. For example, in parks, private woodlots, schoolyards,
private properties, etc. tree planting should promote species that represent the natural
vegetation of the region rather than non-native species. Tree species from the late seral forest
should be candidates for this because of their longevity and size, which can have an impact on the

amelioration of the urban environment (Kenney 2000; Puric-Mladenovic 2003).
Re-establishment and maintenance of native forest and native forest elements in urban
areas
Natural forests in settled landscapes have been reduced in size and severely fragmented. The reestablishment and maintenance of natural forests within such areas is a goal for ecological land
use and forest planning and management. To achieve this, it is necessary to determine the degree
to which the urban forest resembles the natural forest. By mapping historical vegetation, it is
possible to know how and why existing forests differ from the natural forests and apply this
knowledge to the planning and management process. For example, understanding what type of
vegetation existed prior to settlement will suggest what species are best adapted to grow in

Re-creation of native forests
In Japan the re-creation of relatively natural environments has been pursued through
constructing 'native' forests with native trees, integrating research on the potential natural
vegetation, and traditional Japanese methods of creating 'chinju-no mori' (shrine and temple
forests). By combining the traditional method of planting native trees in towns and villages with
modern phytosociological and ecological diagnosis (map of present-day vegetation, study of site
conditions) and prescription, new native forests have already been created in more than 120
locations throughout Japan (Miyawaki et al., 1987).
Urban canopy cover
Michael (1993) for example, classified ten cities in the USA by historical vegetation, forest cover
type, and eco-region to help in selecting urban trees. He also compared the urban tree
composition to the potential (predicted) vegetation. Municipalities in Ontario have expressed an
interest in using the historical information to try to determine the optimal possible canopy cover
for their towns, cities and surrounding areas.
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Biodiversity assessment and conservation planning
Deciding what regions to conserve and where to focus efforts is a complex process that must take
into account many different social and ecological factors. Having spatial information in terms of
where specific species, communities and landscapes existed in the past can help focus and guide
these efforts.
Pre-settlement mapping provides a one-time description of the forest, allowing practitioners to
determine where an increase or decrease of species abundance has taken place. With this
process, it is possible to understand how the current biodiversity of our forests compares to the
past. This knowledge will help practitioners set goals and targets for maintaining biodiversity and
reintegrating extirpated species. Historical vegetation maps integrate many of the physical and
biological attributes of the study area, and as such can be used as surrogates for forest
biodiversity and as a baseline for conservation planning. If the vegetation associations of the past
are known, it is possible to compare them to the current state of the landscape to determine how
they have changed in terms of diversity and composition.
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have spatial consistency and a sufficient level of detail and have been successfully used as
surrogates for biodiversity assessment and planning of conservation areas. This data is
instrumental to assessing existing biodiversity targets. It can also serve as baselines for defining
conservation and restoration priority areas and planning for the future ones.
Surrogate for vegetation biodiversity
Pre-settlement vegetation mapping integrates many of the physical and biological attributes of
the land and as such is used as a surrogate for forest biodiversity assessment and as baseline
information for conservation planning.
Habitat-based standards for biodiversity in agricultural areas

In southern Ontario, pre-settlement vegetation maps have been identified as an important
existing information gap by many agencies and organizations involved in conservation,
restoration, land management and planning activities. For example, reference vegetation/
landscape condition has been recognized as an information gap by the Natural Spaces program
led by MNR and the National Agri- Environmental Standards Initiative (NAESI) led by
Environment Canada and Agriculture and Agri-Food Canada. For example, one of the NAESI
habitat-based standards for biodiversity in agricultural areas states: “Conserve ecosystems
diversity such that pre-settlement conditions are represented.”
Plant gene conservation
Gene conservation is also an important component of conservation planning and management.
trees can be used to define regional seed sources and gene preserves. For example, a map can
show a forest type unique in species composition and forest remnants, thus older trees within
these boundaries should be considered for examining genetic diversity and as potential seed
sources.
Assessing existing plans, forest conservation plans, and restoration activities
Forest and landscape conservation plans that do not take historical vegetation into consideration
can produce unbalanced protection of forest and vegetation types. For example, in many Natural
Heritage Systems and green lands, protection of the Maple-Beech forest is under-represented,
while over 40% of the natural habitat of Hemlock, Hemlock-mixed, and Cedar-SpruceTamarack are considered for protection. Unbalanced representation of vegetation types within
an area can have many detrimental ecological and biodiversity consequences (Puric-Mladenovic,
2003).
The pre-settlement information can also assist, where appropriate, in examining areas that are
currently being rehabilitated or restored to determine whether what is currently being planted
corresponds to the historical vegetation types and species composition.
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Wetland restoration
Since initial European settlement, the land has changed and many of the wetlands have
disappeared. Besides protecting and conserving the existing wetlands there is a need to
determine where they once existed on the landscape, the amount of habitat lost, and also to
restore some of them to their pre-settlement state. Historical maps provide practitioners with
the information, which enables us to decide where wetland distribution once occurred and the
composition of their dominant species.
Pre-settlement data could be looked at from a change perspective, to see the extent to which
watersheds existed in wetlands as opposed to uplands. Since certain vegetation communities
exist only in wetlands, information on the historical location of these communities vs. upland
communities can guide wetland restoration efforts. This also ties into tree species restoration by
deciding where to focus specific planting efforts.
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The outputs of the models can inform interested parties on what watersheds looked like
historically. This can then be compared to current conditions to help identify how watersheds
have been altered and how restoration and protection efforts should be targeted. In regards to
floodplains, it is necessary to know what vegetation existed historically or what currently exists.
This information can help calibrate present expectations regarding productivity of watersheds for
developing forest management or watershed plans.
Having knowledge of existing wetlands and floodplains as they compare to the pre-settlement
condition can help with watershed management. This also ties into development planning, as
proposals should incorporate these boundaries to allow for both protection of existing areas and
persistence of areas that have restoration potential.

Prairie /savannah restoration
Savannah ecosystems are transitional zones between grasslands and forests and are among the
most threatened landscapes in the world (Bolliger, et al. 2004). These areas have an intermittent
tree canopy surrounded by grasses, shrubs and herbs. Fire is an important element for the
maintenance of savannah ecosystems, as they coevolved with humans. In many regions where
savannahs are present, natives burned their land regularly for hunting and gathering food. After
European settlement, the regular practice of burning land for these purposes came to an end,
thus permanently altering the savannah landscape.
Today, as a result of land conversion, suppressed natural disturbances, and natural and human
influenced forest succession, prairie and/or savannah vegetation types represent less than 1 % of
vegetation suggest that small areas in Peel had some grasslands.
Species at Risk and Endangered Tree Species Recovery
Due to alteration of the native landscape, many plant species that once thrived in southern
Ontario are now threatened and endangered. Reasons for this are: forest degradation and
fragmentation coupled with decades of fire suppression, urban expansion which has led to long
term landscape alteration, forest management, forest use, invasive pests and pathogens. All of
these have made it more difficult for some species to survive and for others to regenerate under
stressful and unfavorable conditions.
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the rural landscape and are scattered as small, half hectare remnants. Maps of historical
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F IGURE 14. PRE-SETTLEMENT PROBABILITY DISTRIBUTION OF AMERICAN CHESTNUT IN THE
REGION OF PEEL. RED AREAS INDICATE HIGH PROBABILITY AND DOMINANCE
DISTRIBUTION.

An example of an endangered tree species in need of restoration is the American Chestnut (
Figure 14) . American chestnut (Castanea dentata) dominated eastern North America,
representing 43% of forest canopy cover in its native ranges until the introduction of the
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chestnut blight (Cryphonectria parasitica). This resulted in its demise as a dominant forest tree
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(Jacobs, et al. 2009). However American Chestnut recovery and hybridizations programs show
hope that one day there would be blight resistant American Chestnut hybrids (with about 90% of
genes from native American chestnut) that would need to be reintroduced on past native
habitats.
Although diseases have decimated populations of American Chestnut and other species, a small
percentage of their populations are resistant to their respective pathogens, and new hybrids have
been in the works. Thus, pre-settlement mapping can be used to inform where best to recover
these species so that they will have a higher planting survival rate. If seedlings or seeds are
planted in areas that historically contained these species, there is a higher chance of restoring
these endangered species to the landscape.
Loss and Fragmentation of Ecosystems

Southern Ontario has lost over 80 % of its forest cover and over 70 % of its wetlands through
conversion to agriculture, roads, and urban development. As a result, many areas have been
deforested or drained, and the composition and structure of remaining forests and wetlands has
been substantially altered from their pre-settlement states. The implications of these natural
cover changes are not just reflected in loss of wildlife habitat and biodiversity, but have also
resulted in deterioration of associated environmental services (e.g., maintenance of water quality
and quantity, flood abatement, climate amelioration and carbon sequestering; soil stabilization,
etc.).
Quantifying the loss and change
The pre-settlement vegetation mapping would enable us to determine what percentage of each
woodland map and PNV or /and historical vegetation maps enables deriving statistics that points
out what vegetation types are underrepresented in a landscape, their discontinuity, and/or
under-representation of natural vegetation.
There are similar examples from Australia and China where reference vegetation and gap analysis
were used together in defining conservation gaps. Cawsey et al. (2002) mapped the potential
natural vegetation, as a reference condition, of an extensively cleared area in New South Wales,
Australia. The aim of this study was to define gaps in the existing vegetation in comparison to
pre-settlement vegetation and to define conservation gaps. Similarly, by comparing the potential
and actual vegetation, Liu et al. (1998) estimated changes in vegetation distribution in north-east
China resulting from human activities.
The gap analysis that was performed for Peel spatially quantifies the loss and change of specific
pre-settlement ecosystems and tree species in the present day (Figure 15). For example,
wetlands in the region that includes low-lying areas and bottomlands display a total area decrease
of 65% from pre-settlement. Tree species that have witnessed declines of over 90% from their
pre-settlement distributions include Hickory, Red Pine, White/Red Pine, White Oak, various
Oak species (predominantly Red Oak) and White Elm. (For further information see the Gap
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type of forest type/ecosystem has been lost to land use change. An overlay of the existing
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Analysis included in Appendix B).
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F IGURE 9. P ERCENT OF FOREST ( IN GREEN ) THAT STILL REMAINS ON THE LANDSCAPE WHERE PRE SETTLEMENT VEGETATION TYPES USED TO EXIST . T HE ORANGE INDICATES PERCENT OF THE PRE SETTLEMENT VEGETATION TYPES DISTRIBUTION THAT IS NOT UNDER FORESTED CONDITIONS .
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Vegetation Type or Species Native extent
The historical mapping could show practitioners where certain vegetation types and species
existed. They would have a better idea for example as to where white pine forests and maplebeech forests existed prior to European settlement. For example, in Peel, Maple and Beech
comprised a large proportion of the pre-settlement landscape, with respective distributions of
89,001 ha and 51,565 ha. The results of the gap analysis display an 87% reduction in Maple
distribution and a 76% reduction in Beech distribution from the pre-settlement condition in the
present day. Without the historical mapping, only the remnant forests would be known, and it
would not be possible for us to determine the historical location of species that have been cleared
from the landscape.

Understanding and Forecasting Succession
As much of southern Ontario’s forest has been cleared for development and agriculture, many
remnant patches exist that do not resemble their historical states. Understanding the presettlement condition of these areas can help to predict what the future of these patches will look
like and can be used to protect current patches that are in early stages of succession. This will
allow these areas to develop into forested areas in the future. For example, in settled landscapes
and urban areas where the natural forest has disappeared or degraded, historical mapping helps
to describe which vegetation types would naturally occur in what areas. In such areas, historical
vegetation mapping is often used as a guideline for reforestation.

Defining the restoration priorities for forest aesthetic and scenic values in settled landscapes,
forest conservation and restoration, commonly emphasizes the biophysical and ecological
importance of forests. However, social importance, recreational use and aesthetic benefits,
which are harder to quantify are often neglected. For example, the recent survey of urban
residents in southern Ontario (Environics Research Group, 2001) showed that a considerable
majority (84%) of them expressed concern about the condition of forests across southern
Ontario and emphasized that existence of forests is very important. This emphasizes the
importance of protecting and restoring forests of focal scenic points on the landscape (e.g.
topographic peaks, ridgelines, lakes, river valleys, etc.) and heritage scenic areas (e.g.
picturesque rural landscapes and farmscapes). However, forests can also be protected or restored
to hide undesirable views (e.g highways, industrial areas, land-fills). Establishment or
maintenance of picturesque areas could provide scenic and social values to residents for longer
periods of time, and at the same time satisfy many ecological needs (more natural forests,
improvement and establishment of wildlife habitats, etc.).
Measuring Vegetation naturalness
This is a quantitative measure of the amount of natural vegetation on a landscape. It is based on
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Aesthetic and visual values
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the agreement between existing and reference vegetation. In order to derive this index, we must
know the composition and location of pre-settlement vegetation. The naturalness index can be
used to determine where and how to focus restoration efforts. It informs what species need to be
planted in specific areas to restore the landscape to pre-settlement conditions. It can therefore
inform policy, decision making, and conservation planning (Puric-Mladenovic, 2003).
In Germany, historical vegetation mapping has been used to define the ‘degree of change’ of the
existing vegetation in comparison to potential natural vegetation. In other studies, a similar
approach is referred to as the ‘degree of vegetation naturalness’. For instance, Jansen et al.
(2002) calculated the degree of naturalness of woodland communities in the Harz mountains.
They defined the ‘degree of naturalness’ as the agreement of the actual species composition with
the species composition of the natural woodland community. The naturalness was calculated and
classified into five categories (very natural, natural, partly natural, partly culturally influenced,
culturally influenced) by comparison of the species composition of each stand with the species
composition of a modeled natural woodland community. Similarly, in Baden-Wuerttemberg
(SW Germany), where most forest biotopes have been changed by human impact, the degree of
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this change was documented in special vegetation maps (Philippi 2000).
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Climate change
Pre-settlement modeling and mapping can help researchers understand where climate changes
and shifts have already occurred and thus enable them to develop future climates PNV. The presettlement maps will enable one to monitor the disturbance and land-use change over the
centuries, which would be useful for climate change information such as greenhouse gas
reporting. Creating a baseline assessment of original forest cover would be an excellent
foundation for producing a climate change adaptation plan. The historical information would be
very useful in determining what species to plant for carbon sequential purposes and to ensure it
is sustainable as climate change takes effect.
Environmental Indicators

The International Joint Commission (IJC) recently drafted 16 environmental indicators. These
indicators are designed to aid the IJC in assessing and reporting on the health of the Great Lakes.
One of these indicators includes measures of land conversion from pre-settlement condition.

A case study application - Gap/comparative analysis for the Region of Peel
Although there are different definitions of gap analysis and different terminologies used, the basic principle
is reasonably simple: it is an overlay of two maps – the existing and the reference vegetation. Reference
vegetation, in this case, is defined as historical vegetation. In this research, the historical vegetation maps
state of natural cover in the Region of Peel.
A Dictionary of Ecology (Allaby 2003) defines gap analysis as "a technique, first performed in 1978 by the
American ecologist Michael Scott, for identifying ecosystems in need of conservation. Dunster and Dunster
(1996, p.144) define gap analysis, similarly to the definition of the national GAP analysis approach
undertaken in the USA, as a "methodology used to assess important components of biodiversity to
determine which components already occur in protected areas, those that are underrepresented within
those areas, or those that are unprotected from potentially destructive or irreparable activities".
Gap analysis concerning the distribution of natural vegetation over landscapes has been the aim of a wide
range of research studies in land management disciplines. It has been extended beyond protected areas
towards entire landscapes. In different studies, the methods of defining gaps, discontinuity, and/or underrepresentation of natural vegetation have been named differently: GAP analysis, ecosystem restoration,
conservation targets, measures of ‘naturalness’, assessments of ecosystem health, ‘actual-to-potential
entropy ratio’, degree of changes, etc.
GAP analysis and historical vegetation data
Identifying gaps in the distribution of existing vegetation based on historical data has been done in a number
of studies, particularly in the USA. The availability of pre-settlement historical records enables such studies.
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based on the species assemblages’ classification will be used as a baseline upon which to evaluate the existing
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In these studies, historical land surveyors’ records were used to reconstruct the original vegetation and to
compare it to the existing forests. For example, Frelich (1995) derived statistics about the current forests
and compared it to the pre-settlement forests of Minnesota, Wisconsin, and Michigan. Foster et al. (1998)
examined changes in forest cover in New England in relation to the intensity of land use from the early the
17th century to the present. They noted that in the 17th century, the distribution of tree taxa and forest
assemblages corresponded strongly to climate gradients. According to these authors, modern vegetation
tends to be homogenous and has new species assemblages that are compositionally different from the presettlement vegetation. They also found that the current distribution of tree taxa and forest assemblages
exhibits less regional variation and has minimal relationships to broad climatic gradients. Strittholt and
Boerner (1995) overlaid maps of current plant and pre-settlement communities for a nature reserve in
Appalachia, U.S.A, in order to assess the representation and proportion of each plant community. Based on
the results of this analysis, they developed a conservation plan that addressed community underrepresentation.
While Europe lacks historical surveyor record information, there has also been an attempt to use historical
data to examine vegetation changes. Old inventory information and land records have been mainly used.
For example, Axelsson and Ostlund (2001) and Axelsson et al. (2002) conducted a gap analysis in a Swedish
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forest survey in a coniferous forest landscape in the middle boreal zone of Sweden. Their study provided
significant insight into forest composition from one century ago and into changes that occurred in the
forests within the last century. Changes in species composition, age distribution, and landscape pattern
were analyzed at different spatial scales using GIS. Their findings show that large coniferous trees and multiaged forests occurred in all sites in the early 1900s, whereas today there is a large deficit of multi-aged Scots
pine forest. At that time, most sites were dominated by coniferous species. Forest dominated by deciduous
trees occurred only in smaller areas. The authors emphasized the value of gap analysis and its importance
for improving the definition of goals in Swedish FSC-certification. Recently, Axelsson et al. (2002)
examined changes in five mixed deciduous forests in Sweden, between 1866 and 1999. Their study
provides a significant insight in to the distribution of mixed and deciduous forests. They also emphasized the
value of using historical data in interpreting changes in forest landscapes and accordingly suggested
appropriate changes in forest management.

Gap analysis for Peel Region (for detail summary see the Appendix b)
As stated in the objectives, an effective application of pre-settlement vegetation mapping is gap analysis.
Gap analysis is the overlay of two or more spatial data layers within a geographic information system. This
process allows for comparison of species, vegetation and land management distributions between two time
steps or two states mapped as GIS layers. The utility of this technique is that gaps, changes and alterations
between the two landscape/vegetation states can be identified, quantified and described both numerically
and spatially. This is an effective method for analyzing landscape change over time.
Using the existing vegetation mapping (SOLRIS woodlands and wetland mapping), the pre-settlement and
1950s mapping gap analysis was conducted to provide a summary of the finding and the results for the
Regional Municipality of Peel. The case study GAP analysis for the region of Peel is enclosed in the
Appendix B. In this section a brief summary of the findings is presented. For the Region of Peel, a gap

•

Woodlands in the 1950s compared to current woodland cover

•

Pre-settlement woodlands compared to current woodland cover

•

Pre-settlement grasslands compared to current grassland cover

•

Pre-settlement wetlands compared to current wetland cover

•

Pre-settlement tree species distributions compared to 1950s woodland cover

•

Pre-settlement tree species distributions compared to current woodland cover

The most significant findings of the gap analysis

Woodlands in the 1950s compared to current woodland cover

For the Region of Peel as a whole, total woodland cover increased from 9,816 ha in the 1950s to 12,850 ha
in the present day, corresponding to a net increase of 31% over the past 60 years (Table 6). This increase is
the most prominent in Caledon (Fig.16). The largest increase is in Caledon, where total woodland cover
increased by 37% (Table 6). While total woodland cover in Brampton increased by 21%, Mississauga
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witnessed a minor 2% increase (Table 6) which could be attributed to the difference in mapping methods,
since SOLRIS mapping is more spatially detailed than 1950s mapping.
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F IGURE 10. C HANGES IN WOODLAND COVER FROM THE 1950 S TO THE PRESENT .
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T ABLE 6 T OTAL AREA ( HA ) OF 1950 S AND CURRENT WOODLANDS ( EXCLUDING THE H UMBER R IVER WATERSHED ) IN
THE R EGION OF P EEL , WITH NET PERCENT CHANGE IN TOTAL WOODLAND COVER SINCE THE 1950 S LISTED
1950s
Woodlands
(ha)

Current
Woodlands (ha)

Net Change (%)

Peel

9816

12850

31%

Caledon

7636

10480

37%

Brampton

819

987

21%

Mississauga

1359

1382

2%

Pre-settlement wetlands compared to current wetland cover

When pre-settlement wetlands (including bottomlands) are compared to existing wetlands, a 65% loss in
total cover is observed (Table 7). This loss is largest in Mississauga, followed by Brampton and then by
Caledon (Fig.17).

T ABLE 7. T OTAL AREA ( HA ) OF PRE - SETTLEMENT WETLANDS ( INCLUDING LOW LYING AREAS AND BOTTOMLANDS ) AND
CURRENT WETLANDS IN THE R EGION OF P EEL , WITH NET PERCENT CHANGE IN TOTAL WETLAND COVER SINCE PRE SETTLEMENT LISTED

Pre-settlement
Wetlands (ha)

Current
Wetlands
(ha)

Net Change %

Peel

24709

8726

-65%

Caledon

13382

7259

-46%

Brampton

5385

894

-83%

Mississauga

5910

564

-90%

Conclusions
Recognizing the magnitude of human impacts on the extent, structure and composition of forest and
wetland ecosystems in settled / developed landscapes is a first step in addressing issues related to their
conservation. Pre-settlement mapping offers a unique temporal perspective to conservation and
management of natural vegetation. Being able to understand past landscape conditions and vegetation and
compare it with current and recent historical patterns, provides vital information for framing and evaluating
modern conservation policy, management and educational programs.
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F IGURE 11.C HANGE IN WETLAND COVER FROM PRE - SETTLEMENT TO PRESENT .
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To accomplish strategic and informed planning and management, it is necessary to have a reference
vegetation condition against which the state and function of existing vegetation cover can be measured.
Such a reference condition also provides a basis to set targets for resource management and restoration
objectives. However, selecting specific conservation and management targets is not a scientific decision. It
is rather “often based on un-stated political, aesthetic and cultural values” (Motzkin and Foster 2002, p.
1569). If forest managers, decision-makers, and the public have no information and knowledge about what
the forest was like prior to European settlement, what it could be, and what the forest's current state is,
they will accept the current state as an upper threshold, which could lead to further forest loss and
degradation. In the face of climate change, it is necessary to look beyond the current state and the existing
vegetation, and plan for the future by increasing the amount vegetation cover and its biodiversity.
Considering this, historical vegetation provides baseline information on land potential for restoration, and
specific vegetation cover types and species that need protection and /or restoration.
Spatially mapped historical vegetation, as a reference condition, is vital for helping us appreciate the
landscape that existed prior to the arrival of the first settlers, and why certain species decreased while
others increased. It also gives us an understanding of the origins and reasons for the present distribution and
representation of vegetation on the landscape and helps us predict and shape the direction of future
Historical vegetation mapping for the Region of Peel, April, 2012

vegetation growth.
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Since vast tracts of land in the region were cleared for agriculture and development throughout the 19th
and 20th centuries, the results indicate dramatic changes from pre-settlement. In the early 1900s forest
cover was at its lowest point of 10% of the land area. Since the 1900s to the 1950s through secondary
succession and planning, forest cover increased, and thus the trend continued for Caledon from the 1950s
to present. All of this contributed that at the regional scales forest cover has gained more early successional
patches (an increase of about 31%) since the 1950s. This increase is attributable to aggressive provincial
planting and restoration programs, changing agricultural practices, and recent legislation that support more
environmental protection. However, while there was some gain of younger forests in Brampton and
Mississauga, there was almost the same amount of loss of the remnants from pre-settlement time.
Wetlands, low lying areas and bottomlands have witnessed a dramatic decline of 65% in the region too. As
the majority of historical wetlands that have disappeared were located in areas that have been heavily

urbanized, urbanization appears to be the main driver behind wetland decline and only hard to drain sites/
wetlands remained.
The results of this study showed that it is possible to recreate the past condition and it can be used to
understand the amount of vegetation changes as well as the existing vegetation on the landscapes. For
example, the results indicate that about ½ of the existing forest cover is likely the result of secondary
succession or tree plantings, while the second ½ are remnant of the natural forests. In about 50 to 70 years,
from the early the 1900s until the 1950s, some forest cover has recovered.
Forest recovery from 10% in the early 1990s to about 20% today, and successional woodland established
either as part of natural succession or planted, show remarkable recovery potential when nature is left alone
or helped a bit. Discrediting protection and management of forest patches that are “scrub and early
evidence that the region of Peel was once a forested landscape, rich in diverse forest types, plants and
associated wildlife biodiversity.
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successional”, based on misconception that they have no value is deceptive. The historical mapping shows
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Abstract
Quantifying changes in vegetation and landscape condition numerically and spatially allows for
informed restoration, conservation and land use planning decision making. Gap analysis based on historical
and existing vegetation maps enables us to determine spatial and compositional differences between the two,
and select natural remnants requiring conservation attention. Using vegetation maps, we can identify areas
that have been altered from their reference and/or historical ecosystem states. Additionally, historical
knowledge enables us to assess the naturalness of remnant areas. For the Region of Peel, three vegetation
time steps were used; the pre‐settlement condition (mid 1800s), woodland condition in the late 1950s, and
current conditions. Since vast tracts of land in the region were cleared for agriculture and development
throughout the 19th and 20th centuries, the results indicate dramatic changes from pre‐settlement. Woodlands
have experienced a net increase of 31% since the 1950s, with a large proportion of remnant and new
woodlands residing in agricultural lands. This is attributable to aggressive provincial planting and restoration
programs, changing agricultural practices, and recent legislation that support more environmental protection.
Wetlands, low lying areas and bottomlands have witnessed a dramatic decline of 65% in the region. As the
majority of historical wetlands that have disappeared were located in areas that have been heavily urbanized,
urbanization appears to be the main driver behind wetland decline. Thus, wetland restoration should be part
of urban restoration for Mississauga and Brampton. As grasslands formed a very small proportion of the
historical landscape and were confined to areas that are heavily urbanized, they have likely all disappeared.
Tree species that have witnessed the greatest decline from pre‐settlement include various Hickory species
(Carya sp.), American Chestnut (Castanea dentate), Red Pine (Pinus resinosa) and White Elm (Ulmus
americana). Additionally, species composing the largest proportion of remaining woodlands from pre‐
settlement are various Maple species (Acer sp.), American Beech (Fagus grandifolia), Basswood (Tilia
americana), various Hickory species, Tamarack (Larix laricina), White/Red Pine (Pinus strobus/resinosa),
various Oak species (Quercus sp.), White Cedar (Thuja occidentalis), Hemlock (Tsuga canadensis) and White
Elm. Thus, these species are recommended for planting within the Region of Peel. Further recommendations
for natural heritage systems planning policy refinement and future study are provided.
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1. Introduction
Prior to European settlement, southern Ontario was a largely forested landscape populated by various
First Nations groups. These included Algonquin, Ojibway, Delaware, Pottowatomi and Haudenosaunee
communities. Although European presence in southern Ontario began as early as the 17th century, it was
mainly confined to small trading outposts. In the Region of Peel specifically, these small outposts were
composed of individuals involved in the fur trade travelling between York and Niagara. Permanent settlement
in Peel commenced at the beginning of the 19th century, with the signing of the First Mississauga Treaty of
1805 (Corporation of the County of Peel, 1967). After this point, subsequent treaties were signed throughout
the early 19th century that released native land claims and allowed Europeans to permanently settle in the
region.
The Peel area had a potential for prime agriculture due to its fertile soils, ideal climate, and accessible
terrain. As a result, vast tracts of forest were cleared for agriculture throughout the 19th century. Today, the
Region of Peel has a population of close to 1,300,000 people and its southern portion is almost entirely
urbanized. Total forest cover in the region is approximately 25,867 ha, comprising about 20.6% of the total
land area. Of the three lower tier municipalities contained within the Region of Peel, Caledon has 21,954 ha of
forest covering 31.5% of the land area of the municipality. While Brampton possesses 1,972 ha of forest cover
that is 7.3% of its land area, Mississauga possesses only 1,940 ha of forest cover that is about 6.7% of its land
area (North‐South Environmental Inc., 2009). In regards to urban areas and the urban forest, the largest
proportion of existing tree cover is in residential areas. Percent canopy cover in these areas ranges from 29%
in Caledon East, to 15% in Mississauga and 11% in Brampton. Industrial and commercial lands have the lowest
proportion of tree cover (TRCA, 2011).
The trend in terms of development decreases moving north from the shore of Lake Ontario,
corresponding to an increase in distance from the City of Toronto. While Caledon is located further from major
roads and highways, it also has a different climate and natural vegetation composition than Brampton and
Mississauga, with wetter soils that hinder agricultural development. Segments of both the Niagara Escarpment
and the Oak Ridges Moraine, whose development is highly regulated through legislation, are also contained
3

within the administrative boundary of the Town of Caledon. Both the Niagara Escarpment Planning and
Development Act, 1973 and the Oak Ridges Moraine Conservation Act, 2001 facilitate protection of the land
within their respective planning areas. Additionally, 45% of the total land area in the Region of Peel is located
within the Greenbelt Planning Area, as specified in the Greenbelt Act. This statute provides special protection
to certain agricultural and natural areas (North‐South Environmental Inc., 2009).
Since vast tracts of forest in the Region of Peel have been cleared for agriculture and consequently for
development throughout the past 200 years, there is a need to assess current conditions and compare them
to the historical state. This can be performed through gap analysis that utilizes pre‐settlement vegetation
maps derived from statistical modeling. Previous application of vegetation gap analysis and pre‐settlement
vegetation modeling in southern Ontario has been performed for the Region of York (Puric‐Mladenovic, 2003),
as well as Algonquin and Temagami Parks (Puric‐Mladenovic and Pinto, 2005). These studies introduced a new
approach to modeling and mapping historical and potential natural vegetation across larger areas using
historical survey records as the base vegetation information. The mapping produced through this
methodology is the foundation for the gap analysis for the Region of Peel. Resulting information on gaps in
species distributions can be used as a reference condition to inform conservation efforts, restoration actions
and land use planning. Specifically, outputs can be used to inform and improve significant woodlands criteria,
and can contribute to design and planning of natural heritage systems that is based on specific and explicit
conservation targets.
2. Literature Review

2.1.

Pre‐settlement Vegetation

Development and agriculture alter landscape condition and vegetation composition through removal
and fragmentation of natural vegetation. If characteristics of the landscape are not recorded prior to
settlement, knowledge of the previous state may be lost. Fortunately, pre‐European vegetation and landscape
state was captured during the initial land surveying conducted to support land settlement in Ontario.
Understanding pre‐settlement landscape characteristics is important if we are to ensure long term viability of
natural areas and maintain biodiversity within current land use planning frameworks. It is also important to
educate the public, help build a sense of place, and facilitate more informed decision making in the future.
A variety of methods is available to model and reconstruct historical landscapes. In North America, the
vegetation composition of the pre‐settlement landscape can be derived from land survey records produced
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during initial colonization. In the United States, for example, pre‐settlement species distributions can be
reconstructed based on witness trees information. The witness trees information, recorded at 1 mile by 1 mile
grid intersections, have been used to describe spatial patterns across different areas in the USA (Rathburn and
Black, 2006).
In Ontario, land surveyor vegetation information is more quantitative in nature and was typically
recorded along concessions and township lines. It has been used with predictive vegetation modeling
techniques to generate species and community distributions maps. Through input of vegetation information
from historical survey records and various environmental variables into statistical models, pre‐settlement
vegetation maps for the Region of York (Puric‐Mladenovic, 2003), Algonquin and Temagami Parks (Puric‐
Mladenovic and Pinto, 2005), the west side of the Greater Toronto Area and the Region of Peel have been
produced (Puric‐Mladenovic, 2011).
The utility of spatially explicit landscape scale descriptions of vegetation distributions, whether they
are probability maps or more simple interpretations of historical land survey records, is that they can be
compared to current vegetation conditions and mappings. This comparison allows determination of changes in
species composition and landscape condition over extended periods of time. For example, in western New
York, changes in the spatial distribution of forested landscapes were examined through comparison of two
surveys; that of the Holland Land Company (HLC) from 1799 and the more recent US Forest Inventory and
Analysis (FIA) survey from 1993 (Wang et al., 2009). Results indicate changes in taxon abundance from beech
(37.0%), sugar maple (21.0%), and eastern hemlock (8.3%) to sugar maple (19.2%), ash (11.7%), and red maple
(11.4%). Based on the analysis it was also determined that the landscape changed from being fairly spatially
homogenous to being more heterogeneous (Wang et al., 2009). A similar gap analysis study in Quebec used
early land survey records to reconstruct pre‐settlement species distributions and compare the outputs with a
recent survey to assess change. The findings indicate increases in maple (39%), poplar (36%) and paper birch
(31%), with overall conifer dominance decreasing by 24.8% (Dupuis et al., 2011).

2.2.

Gap Analysis and Conservation

An effective method to analyze landscape change over time is gap analysis. Gap analysis is the overlay
of two or more spatial data layers typically within a geographic information system. This process allows for
comparison of species, vegetation and land management distributions between two time steps or two states
mapped as GIS layers. The utility of this technique is that gaps, changes and alterations between the two
landscape/vegetation states can be identified, quantified and described both numerically and spatially. This
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technique is widely used in conservation to assess representation of specific species or ecosystems within
protected areas. Gap analysis facilitates finding agreement and/or differences of more than two
landscape/vegetation states (data layers). This allows changes among several time steps/conditions to be
examined within a single analysis. From a business and policy perspective, gap analysis can also be used as an
aspatial tool to compare actual and potential performance. This allows for identification of product and policy
gaps that function as barriers to maximizing performance. Finally, it is important to note that the accuracy and
precision to which gap analysis can detect changes and inform decisions is dependent on the mapping
methods and the quality of the data, such as the resolution and level of feature/landform inclusion.
The need for gap analyses at different spatial scales has emerged due to continued alteration of
natural landscapes, both directly through land clearance and indirectly through climate change. In the United
States, the USGS Gap Analysis Program was developed in order to assess how well plants and animals are
being protected nationwide. Each state performs their own analyses to compare current conditions with the
ideal range and distribution of selected species and ecosystems. This has facilitated development of regional,
multi‐scale projects that are achieved through coordination between states. Examples include the Northwest
Regional Gap Analysis Project encompassing the states of Washington, Oregon, Idaho, Montana and
Wyoming, and the Southwest Regional Gap Analysis Project encompassing the states of Arizona, Colorado,
Nevada, New Mexico and Utah (Lowry et al., 2007). These types of projects indicate an increasing interest in
developing coarse scale, continental analyses.
The applications of large scale gap analyses are numerous. This method of landscape analysis has
witnessed extensive use in the field of conservation. When vegetation patterns, predicted animal distributions
and protected areas are examined within a single analysis, gaps in protected areas networks can be identified
and used to set land management and conservation priorities (Scott et al., 1993). For example, Ontario Parks
uses gap analysis to assess and ensure representation of different landform/vegetation associations in
protected areas (Davis et al., 2006). A continental approach was also taken in the United States to determine
deficits in the conservation and protected areas framework (Dietz and Czech, 2005). Findings indicate that the
majority of ecosystem types analyzed have a small percentage of their total area residing in lands that are
managed to support biodiversity. Median percentage of area conserved on status 1 and 2 lands, the highest of
four levels of protection as designated by the Gap Analysis Program, was 4.0%. This type of quantitative
Information is highly valuable, as it can be used to inform policy and decision making and assess past
conservation actions. For example, through gap analysis, a study in England determined that the English
protected area system underrepresents lowland areas and provides a median level of 2.5% protection for all
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natural area types, with 79% of natural area types having less than 10% protection (Oldfield et al., 2004). In
order to extend the protected areas system, the authors recommend that policies include targets for
protecting specific landscape features which will enhance the present species and habitat approach. The
authors also specify which classes of protected and natural areas should be increased in order to maximize
public reception, as some classes have more stringent protection measures than others.
As stated above, gap analysis can accommodate the incorporation of multiple time steps/conditions
(layers) into a single analysis. In the context of assessing gaps in protected areas networks, layers regarding
land management designations are of high importance. From a biodiversity perspective, layers describing both
plant and animal distributions and ecosystem types are essential. It follows that, when assessing changes to
vegetation distributions on a landscape, gap analysis must focus on layers describing the vegetation.
Several studies have used gap analysis for this purpose. In southwestern California, distribution maps
of nine dominant coastal scrub species and 13 species assemblages were analyzed to quantify spatial patterns
of species co‐occurrence (Davis et al., 1994). As part of a follow up study, distributions of plant communities
and dominant plant species were assessed in the context of their representation in reserves, parks and
wilderness areas (Davis et al., 1995). Based on the findings, these studies identified the need to extend
conservation planning to both northern regions and regions at lower elevations. In the Brazilian Legal Amazon,
a vegetation gap analysis was performed in the context of protected areas and reserves to identify vegetation
communities lacking protection. The analysis utilized maps of vegetation, protected areas and semi‐protected
areas. Results indicate that only 37% of the 111 vegetation zones identified have some percent of their area
protected (Fearnside and Ferraz, 1995).
While knowledge of current conditions is highly valuable, especially in regards to protected area and
nature reserve design, fewer studies have utilized gap analysis to compare existing and pre‐settlement
vegetation distributions. In south‐central Ohio, pre‐settlement vegetation was assessed in a nature reserve
design project. Through comparison of maps depicting pre‐settlement vegetation species and community
distributions with current distributions, it was determined that serious historical losses of several plant
community types has occurred (Strittholt and Boerner, 1995). This type of knowledge presents new
opportunities for application of vegetation gap analyses results to historical species restoration and climate
change adaptation. Knowing what species existed historically in comparison to the current landscape can help
set targets for restoration and support efforts to reestablish previously existing conditions.
In Canada, gap analysis was performed for the Region of York, Ontario using potential natural
vegetation (PNV) maps derived from statistical modeling (Puric‐Mladenovic, 2003). As described previously,
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this method produces maps that show the most likely distributions of vegetation types on a landscape through
input of variables describing site conditions. In this study, the PNV and existing maps were used to identify
gaps in the distribution of natural vegetation and their habitats. The gap analysis performed for the Region of
Peel uses the same method but extends the previous work by using an updated statistical model to develop
the PNV maps. Accounting for differences in variables between the regions allows for application of the model
on a different landscape.
3. Objectives
Based on the existing mapping, it is obvious that percent cover and distribution area of all tree species
is lower in comparison to historical values when the region is examined as a whole. Extensive vegetation
patchiness and fragmentation is clearly due to forest clearance for agriculture and development. However,
certain areas show a greater decrease in forest cover than others due to the quality of land for agriculture
and development patterns. For example, Mississauga shows the largest decrease and fragmentation of
natural cover, followed by Brampton and then by Caledon. Remnants of vegetation communities such as
wetlands and grasslands compose drastically lower proportions of the total landscape as compared to the
historical condition. Considering this, the objectives of this study are:
1. To numerically and spatially quantify changes in vegetation distribution and landscape
condition in the Region of Peel for three time periods:
•

1950s and the present

•

Pre‐settlement and the 1950s

•

Pre‐settlement and the present

2. To determine what species, vegetation and areas in the region have been altered from their
historical states
3. To identify possible causes of these changes based on current land use patterns
4. Based on the outcomes of objectives 1, 2 and 3, suggest how the results of gap analysis can
be used to inform land use planning, significant woodlands criteria, natural heritage system
design and planning, greenlands and natural areas securement, restoration target setting,
and wildlife management.

4. Methods and Approach
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The first three objectives were accomplished through gap analysis. This approach required overlaying
historical vegetation maps in digital (GIS) format with existing conditions. The software used in this analysis
was ESRI’s ArcGIS version 10.1. Specific tools used were georeference, editor and spatial analyst.
4.1.

Information and Data Preparation

Prior to performing gap analysis, the data layers to support predictive modeling and gap analysis had to
be assembled and prepared. As the necessary data sources were distributed in different libraries and archives
throughout the Greater Toronto Area, data collection is a large component of the project methodology. Data
collection and assembly was done for three time periods; pre‐settlement, the 1950s and the present.
Assembling the data layers required locating and obtaining historical maps relevant to the study area
and the items under analysis. This necessitated travel to these locations to both identify the sources and scan
the materials. Specific libraries that contributed maps are Robarts Library, the ROM Library and Archives, the
Region of Peel Museum and Archives, and Richview Public Library. After scanning the maps depicting historical
landscapes and species distributions, the maps had to be assigned to their exact geographic location within a
GIS. This was done using the georeferencing tool available in ArcGIS. Once the maps were georeferenced,
specific features to be used in the gap analysis were digitized on screen. The historical shoreline of the Region
of Peel was the first item to be digitized. Some of the mapped historical wetlands were then digitized, as their
distributions were used to model and validate wetland areas in the region during the mid‐1800s. Finally,
vegetation associations and plant communities in the region from the 1950s were digitized to provide the
analysis with a time step in between pre‐settlement and the present. The specific source of 1950s vegetation
maps is a series of watershed reports from the Ontario Department of Planning and Development,
Conservation Branch (Ontario, 1948, 1957, 1958).
Once all of the necessary pre‐settlement data was collected from the historical maps, data was
prepared for gap analysis. This required modification of attribute information and reclassifying raster grids
into a format that supports gap analysis. Data containing information on the pre‐settlement distribution of
specific tree species was provided by Danijela Puric‐Mladenovic. This data was generated through statistical
modeling using vegetation information from the historical land surveyors’ records. These records contain
information on which dominant species and vegetation were present along concession lines throughout the
region. This information was used to develop predictive models and extrapolate them across the region as
probabilities that each species dominated vegetation on the historical landscape. These probabilities covered
the entire study area and were further transformed into presence/absence raster grids for the purpose of gap
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analysis. The prediction maps enabled the degree and extent to which certain species and vegetation
dominated the landscape to be defined. This facilitated assessment of their agreement with the existing
vegetation. A similar gap analysis approach was taken using the 1950s vegetation information that was
digitized from historical maps rather than modeled. To support raster based analysis, vegetation distributions
from the 1950s digitized as polygons were converted directly to raster grids.
All data sets were obtained from the Southern Ontario Land Resource Information System (SOLRIS)
through the Ontario Ministry of Natural Resources and the Region of Peel Integrated Planning Department
(Region of Peel, 2012). The extent of woodlands was originally digitized from ortho‐photography, while the
other SOLRIS classes are hybrid from satellite imagery and other spatial layers. Current land use and woodland
cover in the region was provided by the Region of Peel Integrated Planning Department. However, woodlands
were provided as a modified version of the original SOLRIS data that was classified based on the Peel’s
Greenlands Classification System. Current wetland cover was provided by OMNR. All of these datasets were
obtained in vector format and therefore needed to be converted to raster grids to support gap analysis.
4.2.

Gap Analysis

Once all of the data was collected, prepared and converted to raster format with standard resolution
and extent for each grid, gap analysis was performed. Performing gap analysis required overlay of the data
sets from two time periods under examination. For assessing the existing landscape condition, wetlands,
woodlands and grasslands were used and overlaid on the data sets describing either the pre‐settlement
landscape or the 1950s forests. The numerical results of this overlay allowed for determination of how
vegetation and landscape condition have been altered over time.
For distributions of specific tree species on the landscape, overlay of information from three different
time periods was necessary; pre‐settlement vegetation distributions from the mid‐1800s, vegetation
distributions from the 1950s, and current conditions. When these datasets were overlaid, numerical and
spatial quantification of changes in species distribution over time was possible. The results were presented as
summary tables, figures and graphs. The specific tree species examined in the analysis were as follows: Maple
species (Acer sp.), Hickory species (Carya sp.), American Chestnut (Castanea dentata), American Beech (Fagus
grandifolia), various Ash species (Fraxinus sp.), Tamarack (Larix laricina), Red Pine (Pinus resinosa), White/Red
Pine (Pinus strobus/resinosa), White Oak (Quercus alba), various Oak species (predominantly Red Oak
(Quercus rubra)) (Quercus sp.), Eastern White Cedar (Thuja occidentalis), Basswood (Tilia americana), Eastern
Hemlock (Tsuga canadensis) and White Elm (Ulmus americana). For Hickory and Tamarack two different pre‐
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settlement scenarios for each species were examined. The scenarios represent different probability thresholds
used to produce binary maps of species dominance. Selection of a higher probability threshold value results in
fewer locations where the selected species is predicted to have dominated vegetation on the pre‐settlement
landscape. Hickory (Carya sp.) was modeled using both a low level of inclusion and a higher threshold of 0.22
(map/name Carya sp. 22). Tamarack was modeled using thresholds of 0.15 (map/name Larix laricina 15) and
0.20 (map/name Larix laricina 20).
5. Results
5.1.

Land Use Patterns

As the Region of Peel is highly developed, the amount of agriculture and urbanization on the landscape
was quantified to provide context
and explanation for the observed

landscape condition. Of the total
land area in the Region of Peel
45% is classified as agriculture
while 33% is urban areas (Table 1
and Fig. 1). Caledon is highly
agricultural, possessing 50270 ha

Percent of Land Area

changes in vegetation and

100%
90%
80%
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10%
0%

Other (%)
Urban (%)
Agriculture (%)

Peel

of agricultural lands amounting to
72% of the total land area of the

Caledon

Brampton Mississauga

Municipality
Figure 1. Existing land use patterns in the Region of Peel expressed as percent of total land area

municipality (Table 1). Caledon is also the least urbanized municipality, with 14% (9981 ha) of the municipality
classified as urban areas (Table 1). Mississauga is the most heavily urbanized municipality, possessing 18932
ha of urban areas that cover 65% of the total land area of the municipality (Table 1). Mississauga has the
smallest amount of agricultural land, with just 2% (506 ha) of the municipality classified as such (Table 1).
Brampton possesses more urban areas than agricultural lands, with 44% (11860 ha) of the land classified as
urban and 22% (5892 ha) classified as agriculture (Table 1). The remaining lands that are neither agriculture
nor urban are classified as other land use types. These are mainly composed of greenspaces and vacant lots
based on the land use data provided by the Region of Peel, Integrated Planning Department.
Agriculture
Ha
Peel

56723

Urban
% of the
land area
45%

Ha
40826

Other
% of the land
area
33%

Ha
27514

% of the land
area
22%
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Caledon

50270

72%

9981

14%

9808

14%

Brampton

5892

22%

11860

44%

9145

34%

Mississauga

560

2%

18932

65%

3713

16%

Table 1. Existing land use patterns in the Region of Peel expressed as total area (ha) and percentage of the land area

5.2.

Gap Analysis for Woodlands

Woodlands are defined as treed areas that provide environmental and economic benefits. Two forest
zones, the Great Lakes‐St. Lawrence and the Carolinian forests, intersect in the Region of Peel. These
woodlands comprise approximately 25,867 ha, or almost 20.6% of the total land area of the Region. As a
percentage of the total land area in each of the municipalities, woodlands cover approximately 6.7% of
Mississauga, 7.3% of Brampton and 31.5% of Caledon (North‐South Environmental Inc., 2009).
5.2.1. Gap 1950s to the Present
Change in total woodland cover was compared between the 1950s and the present day. The results
were further separated by municipality in order to examine the manifestation of these changes between
political jurisdictions. For the purpose of comparing woodlands between these two time periods, those within
the Humber River watershed were excluded because data within this watershed was not available for the
1950s. Although this watershed comprises 31% of the land area in Peel, discounting it from the gap analysis
for woodlands allows for a representative sample of the entire region. 1950s and current woodlands were also
compared to current land use patterns to provide insight into the causes of landscape change over time.
For the Region of Peel, excluding the area of the Humber River watershed, total woodland cover
increased from 9816 ha in the 1950s to 12850 ha in the present day, corresponding to a net increase of 31%
over the past 60 years (Table 2).
1950s Woodlands (ha)
14000

individual municipalities as well

12000

(Fig. 2). The largest increase is in

10000

Caledon, where total woodland

Area (ha)

This increase is evident in the

8000
6000

cover increased by 37% (Table 2).

4000

While total woodland cover in

2000

Brampton increased by 21%,
Mississauga witnessed a minor 2%

Existing Woodlands (ha)

0
Peel

Caledon

Brampton

Mississauga

Municipality
Fig. 2. Change in woodland cover from the 1950s to the present (note: areas within the Humber
River watershed are excluded)
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increase (Table 2). This is likely related to earlier conversion of agricultural lands to urban development in this
municipality. As a result, Mississauga had fewer opportunities for forest re‐establishment on agricultural lands
than Brampton or Caledon. Further validation of 1950’s forest mapping using historical aerial photography
would help to clarify the extent of forest cover increases. This would enable understanding of the degree to
which it is related to different mapping methods between the 1950s and the most recent mapping.
1950s Woodlands (ha)

Current Woodlands (ha)

Net Change (%)

Peel

9816

12850

31%

Caledon

7636

10480

37%

Brampton

819

987

21%

Mississauga

1359

1382

2%

Table 2. Total area (ha) of 1950s and current woodlands (excluding the Humber River watershed) in the Region of Peel, with net percent change in total woodland
cover since the 1950s listed

In addition to determining the net total change in distribution area of features on the landscape, gap
analysis facilitates numerical and spatial quantification of remnant areas. Of the total woodland cover in the
Region of Peel, 6610 ha are still woodlands that were present in the 1950s (Table 3). Thus, 67% of woodlands
from the 1950s currently remain on the landscape (Table 3). When the municipalities are examined
individually, Caledon has the largest amount of remaining woodland cover, with 76% (5824 ha) still being on
the landscape as in the 1950s (Table 3). While Brampton has 49% (402 ha), Mississauga has 28% (383 ha)
remaining woodland cover from the 1950s (Table 3).
Woodlands lost since the 1950s

Woodlands gained since the 1950s

Ha

% gain

3206

% lost from
1950s
33%

Ha

Peel

Woodland amount remaining from the
1950s
Ha
% remaining
from 1950s
6610
67%

6240

64%

Caledon

5824

76%

1815

24%

4657

61%

Brampton

402

49%

418

51%

584

71%

Mississauga

383

28%

977

72%

996

73%

Table 3. Total area (ha) of woodlands lost, gained and remaining from the 1950s in the present day, with respective percent changes from total 1950s woodland
cover listed (note: areas within the Humber River watershed are excluded)
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Total Area (ha)

New Woodlands (ha) since 1950s
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Figure 3. Amount of lost, new and remaining woodlands in the present day from the 1950s
(note: areas within the Humber River watershed are excluded)
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Although the results imply

New Succession Forests (%)

experienced a net increase since
the 1950s, when the exact
location of these changes within
the region are identified certain
areas actually witness a loss in
woodland cover. Other areas,

Percent of New Woodlands (%)

that total woodland cover has

New Plantations (%)
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however, witness an increase in
woodland cover which represents

Brampton

Mississauga

Municipality
Figure 4. Amount of new woodlands since the 1950s existing as plantations or as succession forests
(note: areas within the Humber River watershed are excluded)

young 50‐60 year old forests and plantations that have been established since the 1950s. When examined as a
whole, the gains in woodland cover are larger than the losses since the 1950s (Fig. 3). The total loss of
woodland cover in the Region of Peel amounts to 33% (3206 ha) as compared to the 1950s (Table 3). This loss
is largest in Caledon, followed by Mississauga and then by Brampton. The total amount of new woodlands
since the 1950s in the portion of the Region of Peel outside of the Humber River watershed is 6240 ha (Table
3). The largest number of these new woodlands are found in Caledon, followed by Mississauga and then by
Brampton. These new woodlands were further classified as either plantations or succession forests to help
provide an explanation for their origin (Fig. 4). While 17% (1045 ha) exist as plantations, 83% (5195 ha) of
them are likely younger and succession forests (Table 4). All of the plantations are located in Caledon, which
might be an indication of successful planting programs from the 1950’s to the late 1990s in this area. Younger
plantings and those after the 1990s would not be captured with current mapping. Additionally, after 1995
planting efforts in southern Ontario sharply declined due to decreases in government funding. The results
show that forest increase in Brampton and Mississauga is only through succession forests. The exact location
of these new woodlands, as well as those lost and those remaining from the 1950s, are mapped and shown in
the Appendix, Map 1.
Plantations
Ha

Succession forests

Peel

1045

% of the woodlands
gained
17

Ha
5195

% of the woodlands
gained
83

Caledon

1042

22

3615

78

Brampton

2

0

582

100

Mississauga

1

0

995

100

Table 4. Total area (ha) of woodlands gained since the 1950s that are classified as plantations or succession forests, with respective percent of total gained
woodlands area listed (note: areas within the Humber River watershed are excluded)
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5.2.2. Comparison to Current Land Use
The location of 1950s and existing woodlands were also compared to current land use patterns in the
Region of Peel excluding the Humber River watershed (Fig. 5 and 6). This provides insight into the causes of
landscape condition change over time. While 56% (5,535 ha) of 1950s woodland cover in the Region of Peel
are located on lands currently classified as agriculture (Table 5), 18% (1,810 ha) are located on lands currently
classified as urban (Table 5). For existing woodlands in the Region of Peel excluding the Humber River
watershed, 64% (8,268 ha) are located in agricultural areas and 21% (1,636 ha) are located in urban areas
(Table 6). In terms of the location of woodlands on the landscape, this indicates more forest recovery in
agricultural areas than in urban
1950s Woodlands in Other Land Uses (%)
1950s Woodlands in Urban (%)
1950s Woodlands in Agriculture (%)

areas over the past 60 years.

higher proportional
representation in agricultural
areas compared to their 1950s
counterparts, as opposed to a 3%
higher proportional
representation in urban areas. Of
the municipalities, Caledon
possesses the largest proportion

Percent in Land Use (%)

Existing woodlands have an 8%
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Figure 5. Percent of 1950s woodlands in each land use type (note: areas within the Humber
River watershed are excluded)

of 1950s and existing woodlands
Current Woodlands Other Land Uses (%)
Current Woodlands in Urban (%)
Current Woodlands in Agriculture (%)

in agricultural areas (Tables 5 and

largest proportion of 1950s and
existing woodlands in urban areas
(Tables 5 and 6)

Percent in Land Use (%)

6). Mississauga possesses the
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Figure 6. Percent of current woodlands woodlands in each land use type (note: areas within the
Humber River watershed are excluded)
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1950s Woodlands (excluding Humber River
watershed) in Agriculture
Ha

% of total woodland cover

Peel

5535

56%

1950s Woodlands (excluding Humber River
watershed) in Urban
% of total woodland
Ha
cover
1810
18%

Caledon

5288

69%

968

13%

Brampton

235

29%

184

20%

Mississauga

11

1%

658

48%

Table 5. Total area (ha) of 1950s and current woodlands located in agricultural areas, with respective percentage of total woodland cover listed

Current Woodlands (excluding Humber River
watershed) in Agriculture
Ha
% of total woodland cover

Current Woodlands (excluding Humber River
watershed) in Urban
Ha
% of total woodland cover

Peel

8268

64%

1636

21%

Caledon

7867

75%

1153

20%

Brampton

333

34%

133

17%

Mississauga

67

5%

349

25%

Table 6. Total area (ha) of 1950s and current woodlands located in urban areas, with respective percentage of total woodland cover listed

5.3.

Gap Analysis for Wetlands

Changes in total wetland cover, defined as areas that are seasonally or permanently covered by
shallow water or where the water table is close to the surface, were compared between pre‐settlement and
present conditions. For pre‐settlement wetland cover, two different scenarios were analyzed that are based
on different probability thresholds at which areas of the landscape were classified as historical wetlands. Each
scenario has a different level of inclusion based on the threshold used to define the dataset. The first used a
lower probability threshold to
define the historical wetland

Pre‐settlement Wetlands (ha)

includes some low lying areas and

25000

bottomlands. This is the most
comprehensive level of wetland
inclusion. For the mapping named
Wetland12, a higher probability
threshold of 0.12 defines
wetlands. Since most wetlands are

Area (ha)

areas, which besides wetlands

30000

Existing Wetlands (ha)

20000
15000
10000
5000
0
Peel

Caledon

Brampton

Mississauga

Municipality
Fig. 7. Change in wetland cover (including bottomlands and low lying areas) from pre‐settlement
to present
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gone from the landscape and only
Pre‐settlement Wetlands (ha)

the wettest areas remain, this
probability threshold/mapping
Area (ha)

agrees more with what we
consider wetlands today (based
on what is left on the landscape).
However, it does not reflect the
historical condition as well as the
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8000
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4000
3000
2000
1000
0
Peel

Caledon

Brampton

Mississauga
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first scenario which includes
wetlands, low lying areas and

Existing Wetlands (ha)

Figure 8. Change in wetland cover (using a threshold of 0.12 to define wetlands) from pre‐
settlement to present

bottomlands. The findings from this mapping also indicate that wetland areas that were harder to drain (as
per the model they have higher probability) are still on the landscape, while other wetlands (lower probability)
have been converted to other land uses or vegetation. Unlike the gap analysis for woodlands, the comparison
for wetlands includes those located within the Humber River watershed.
When pre‐settlement wetlands (including bottomlands) are compared to existing wetlands, a 65% loss
in total cover is observed (Table 7). This loss is largest in Mississauga, followed by Brampton and then by
Caledon (Fig. 7). When using a threshold of 0.12 to define pre‐settlement wetlands, a slight increase of 2% is
observed in total wetland cover for the current condition (Table 8). This increase is largest in Caledon, where
wetland cover increases by 15% from pre‐settlement (Table 8 and Fig. 8).
Pre‐settlement Wetlands (ha)

Current Wetlands (ha)

Net Change %

Peel

24709

8726

‐65

Caledon

13382

7259

‐46

Brampton

5385

894

‐83

Mississauga

5910

564

‐90

Table 7. Total area (ha) of pre‐settlement wetlands (including low lying areas and bottomlands) and current wetlands in the Region of Peel, with net percent
change in total wetland cover since pre‐settlement listed

Pre‐settlement Wetlands (ha)

Current Wetlands (ha)

Net Change %

Peel

8560

8726

2

Caledon

6289

7259

15

Brampton

1034

894

‐14

Mississauga

1213

564

‐54

Table 8. Total area (ha) of pre‐settlement wetlands (modeled using a threshold of 0.12) and current wetlands in the Region of Peel, with net percent change in
total wetland cover since pre‐settlement listed

In addition to determining the net total change of wetlands on the landscape, those currently
remaining from pre‐settlement were identified. Of the total wetland cover in the Region of Peel, 5867 ha are
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remaining wetlands that existed
Wetlands Gained (ha)

prior to settlement as wetlands,

landscape (Table 9). Historical

Total Area (ha)

features still remain on the

wetlands that have disappeared

25000
20000
15000
10000
5000
0

from the landscape, as well as
new existing wetlands not
reflected in the pre‐settlement

Wetlands Remaining (ha)

30000

low lying areas and bottomlands
(Table 9). Thus, 24% of these

Wetlands Lost (ha)
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Figure 9. Wetlands (including bottomlands and low lying areas) lost, gained and remaining from pre‐
settlement

condition, were also quantified
and identified. For the scenario

Wetlands Gained (ha)
14000

bottomlands, 18841 ha of

12000

wetlands have been lost while
2857 ha have been added to the
entire landscape (Table 9).
Caledon shows the largest loss of
8637 ha, followed by Mississauga
(5478 ha) and then by Brampton
(4702 ha) (Table 9) (Fig. 9).

Total Area (ha)

that examines both wetlands and
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Wetlands Remaining (ha)
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Figure 10. Wetlands (defined with a threshold of 0.12) lost, gained and remaining from pre‐settlement

Caledon also displays the largest gain of 2515 ha, followed by Brampton (210 ha) and then by Mississauga (132
ha) (Table 9). Although these areas may have been converted to wetlands since pre‐settlement, this increase
could also be due to mapping error if the historical maps did not capture them. The existing wetland cover
dataset also overestimates wetlands.
When a probability threshold of 0.12 is used to define wetlands, 3993 ha (47%) of the features
currently remain on the landscape (Table 10). In this scenario, Caledon also has the largest amount of
historical wetlands remaining (55%) from pre‐settlement (Fig. 10). While 4567 ha of wetlands have been lost,
4733 ha have been added to the entire landscape (Table 10). Caledon shows the greatest loss of 2817 ha,
followed by Mississauga (979 ha) and then by Brampton (754 ha) (Table 10). Caledon also displays the greatest
gain of 3788 ha, followed by Brampton (614 ha) and then by Mississauga (329 ha) (Table 10). The exact
19

location of new wetlands, as well as those lost and those remaining from pre‐settlement are mapped for both
scenarios (Appendix, Maps 2 and 3).
Wetlands lost from pre‐settlement
Ha

% loss

Wetlands gained since pre‐
settlement
Ha
% gain

Wetlands remaining from pre‐
settlement
Ha
% remaining

Peel

18841

76

2857

12

5869

24

Caledon

8637

65

2515

19

4744

35

Brampton

4702

87

210

4

684

13

Mississauga

5478

93

132

2

432

7

Table 9. Total area (ha) of wetlands (including bottomlands) lost, gained and remaining from pre‐settlement in the present day, with respective percent changes
from total pre‐settlement wetland cover listed

Wetlands lost from pre‐settlement
Ha

% loss

Wetlands gained since pre‐
settlement
Ha
% gain

Wetlands remaining from pre‐
settlement
Ha
% remaining

Peel

4567

53

4733

55

3993

Caledon

2817

45

3788

60

3471

55

Brampton

754

73

614

59

280

27

Mississauga

979

81

329

27

235

19

47

Table 10. Total area (ha) of wetlands (modeled using a threshold of 0.12) lost, gained and remaining from pre‐settlement in the present day, with respective
percent changes from total pre‐settlement wetland cover listed

5.3.1. Comparison to Current Land Use
As with woodlands, the percent of historical and current wetland cover located within agricultural and
urban areas was calculated for the entire Region of Peel and for each individual municipality. For the pre‐
settlement scenario examining wetlands and bottomlands, 40% (9816 ha) of historical wetlands are in lands
currently classified as agriculture, while 29% (7201 ha) are in areas currently classified as urban (Table 11 and
Fig. 11). For current wetlands, 60% (5274 ha) are in lands currently classified as agriculture, while 12% (1077
ha) are located in current urban
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in in
Other
Land
Use
Types
(%)(%)
Wetlands
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Land
Use
Types
Wetlands
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Urban
(%)
Wetlands in Urban (%)
Wetlands in Agriculture (%)
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areas for the entire Region of Peel

the location of wetlands on the
landscape, this indicates that the
remaining wetlands are likely
located more in agricultural areas,
with losses highest in urban areas.
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higher proportional

Wetlands in Other Land Use Types (%)

representation in agricultural

Wetlands in Urban (%)
Wetlands in Agriculture (%)

settlement counterparts, as
opposed to a 17% less
proportional representation in
urban areas. Of the municipalities,
Caledon possesses the largest

Percent in Land Use (%)

areas compared to their pre‐
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Figure 12. Percent of current wetlands in different land use types

areas, with 64% (8605 ha) located in current agricultural lands (Table 11). Mississauga possesses the largest
proportion of historical wetlands and bottomlands in urban areas, with 55% (3273 ha) located in current urban
areas (Table 11). For current wetlands, Caledon possesses the largest proportion of current wetlands in
agricultural lands, with 70% (5063 ha) located in current agricultural areas (Table 12). Mississauga possesses
the largest proportion of current wetlands in urban areas, with 25% (141 ha) located in current urban areas
(Table 12).

Pre‐settlement wetlands in agriculture

Pre‐settlement wetlands in urban

Ha

%

Ha

%

Peel

9816

40

7201

29

Caledon

8605

64

2167

16

Brampton

1110

21

1760

33

Mississauga

100

2

3273

55

Table 11. Total area (ha) of pre‐settlement wetlands (including bottomlands) located in agricultural areas, with respective percentage of total wetland cover listed

Current wetlands in agriculture

Current wetlands in urban

Ha

%

Ha

%

Peel

5274

60

1077

12

Caledon

5063

70

812

11

Brampton

181

20

122

14

Mississauga

31

5

141

25

Table 12. Total area (ha) of current wetlands located in urban areas, with respective percentage of total wetland cover listed
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Figure 13 . Percent of wetlands (defind using a threshold of 0.12) in different land use types

of historical wetlands in agricultural lands, while Mississauga possesses the largest proportion in urban areas
(Fig. 13).
Pre‐settlement wetlands in agriculture

Pre‐settlement wetlands in urban

Ha

%

Ha

%

Peel

4189

49

1623

19

Caledon

3937

63

929

15

Brampton

233

22

219

21

Mississauga

18

1

471

39

Table 13. Total area (ha) of pre‐settlement wetlands (modeled using a threshold of 0.12) wetlands located in agricultural areas, with respective percentage of total
wetland cover listed

5.4.

Grasslands

No comparison was performed between historical grasslands and current conditions, as existing
grassland mapping was not available. Grasslands are defined as areas where the vegetation is dominated by
grasses and other herbaceous plants. An absence of mapping indicates they have all likely disappeared from
the landscape. Historically, grasslands composed 0.001% (142 ha) of the region (Table 14) close to the Lake
Ontario shoreline, in what is now highly urbanized areas of Mississauga.
Pre‐settlement Grasslands
Ha

% of the landscape

Peel

142

0.001%

Caledon

0

0%

Brampton

0

0%

Mississauga

142

0.001%

Table 14. Total distribution of pre‐settlement grasslands in the Region of Peel, expressed as total area (ha) and proportion of the total land area (%)
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5.5.

Historical Forest Dominants

Changes in tree species distributions were compared from pre‐settlement to the 1950s, and from pre‐
settlement to the present. For the comparison between pre‐settlement and the 1950s, a second comparison
was performed that further classified 1950s woodlands based on the species composition information
contained on the original maps. Historical species distributions were also assessed using the results of the
initial woodlands comparison to determine the specific species contained within lost, gained and remaining
woodlands from the 1950s in the present day.
5.5.1. Pre‐settlement

The extent of pre‐
settlement dominant forest trees
and their distributions across the
landscape varied based on their
ecology and association with
other species (Fig. 14). Four
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Pre‐settlement Distribution (ha)

Total Area (ha)

Distributions

species had a local distribution in
Peel of under 100 ha; American
Chestnut, Tamarack, Red Pine and
White Pine. Red Pine and White

Species
Figure 14. Historical tree species distributions (ha) in the Region of Peel (all watersheds)

Pine by far had the smallest pre‐settlement distributions of 11.6 and 2.25 ha respectively. The four most
abundant species in the pre‐settlement landscape had distributions of over 10,000 ha; various Maple species
(where Sugar Maple likely was predominant), Hickory, American Beech, Basswood and White Elm. Different
Maples, including Sugar Maple, and American Beech had the largest pre‐settlement distributions of 89001 ha
and 51565 ha respectively (Table 15). This is expected, as Beech‐Maple forests were once widespread
throughout southern Ontario. As these are late seral species, their presence indicates mature, shade tolerant
forests at the pinnacle of plant succession.

23

Pre‐settlement distribution excluding the Humber
River watershed (ha)

Pre‐settlement distribution for the entire Region of
Peel (all watersheds) (ha)

Acer sp.

59328

89001

Carya sp.

16333

24885

Carya sp. 22

572

584

Castanea dentata

70

71

Fagus grandifolia

35328

51565

Fraxinus sp.

205

205

Larix laricina 15

50

53

Larix laricina 20

2852

3065

Pinus resinosa

11

11

Pinus
strobus/resinosa

1407

4169

Quercus alba

2

2

Quercus sp.

5881

6086

Thuja occidentalis

867

1228

Tilia americana

15970

25663

Tsuga canadensis

2880

7423

Ulmus americana

4499

11137

Table 15. Extent of historical tree species distributions in the Region of Peel, expressed as total area (ha) on the landscape

5.5.2. Gap Pre‐settlement to the 1950s
The species
Loss from Pre‐settlement (%)
Remaining in 1950s (%)

displaying the largest loss in

settlement to the 1950s are
various Maple species,
Hickory, American Chestnut,
various Ash species, Red
Pine, various Oak species
(predominantly Red Oak),
Basswood and White Elm

Percent of Historical Distribution (%)

distribution area from pre‐

100%
90%
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70%
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10%
0%

(Fig. 15). The distribution
area for these eight species
decreased over 90% from

Species
Figure 15. Change in historical distributions of species from pre‐settlement to the 1950s
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pre‐settlement to the 1950s (Table 16). The three species displaying the largest decrease in distribution area
are Hickory, American Chestnut and Red Pine, with respective reductions of 95%, 99% and 100% (Table 16).
Species displaying the smallest decrease in distribution area from pre‐settlement to the 1950s are Tamarack,
White Oak and White Cedar, with respective reductions of 67%, 56% and 59% (Table 16). As Tamarack and
White Cedar grow in areas with moist soils, these areas were likely swamps that were too wet for agriculture,
thus explaining the relatively small decrease in distribution area for these two species.
Remaining in 1950s

Loss from Pre‐settlement

Ha

%

Ha

%

Acer sp.

5512

9%

53816

91%

Carya sp.

993

6%

15340

94%

Carya sp. 22

28

5%

544

95%

Castanea dentata

1

1%

69

99%

Fagus grandifolia

5371

15%

29957

85%

Fraxinus sp.

14

7%

191

93%

Larix laricina 15

16

33%

34

67%

Larix laricina 20

735

26%

2117

74%

Pinus resinosa

0

0%

11

100%

Pinus strobus/resinosa

237

17%

1170

83%

Quercus alba

1

44%

1

56%

Quercus sp.

416

7%

5465

93%

Thuja occidentalis

352

41%

515

59%

Tilia americana

1283

8%

14688

92%

Tsuga canadensis

473

16%

2407

84%

Ulmus americana

283

6%

4216

94%

Table 16. Change in historical distributions of tree species from pre‐settlement to the 1950s

The comparison between pre‐settlement species distributions and total woodland cover in the 1950s
did not distinguish between species within the 1950s woodlands. However, since information on the species
composition contained within the 1950s woodlands was available, another comparison was performed that
compared pre‐settlement species distributions to their 1950s counterparts based on the vegetation
information contained within these woodlands. Only species identified as being present within the 1950s
woodlands were examined; these are various Maple species, various Hickory species, American Beech, various
Ash species, Tamarack, White/Red Pine, White Oak, various Oak species (predominantly Red Oak), White
Cedar, Basswood, Hemlock and White Elm. The results of this comparison display a dramatic decline in
distribution area of over 90% for all species (Table 17).
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Remaining in 1950s

Loss from Pre‐settlement

Ha

%

Ha

%

Acer sp.

1413

2%

57915

98%

Carya sp.

24

0%

16309

100%

Carya sp. 22

0

0%

572

100%

Fagus grandifolia

821

2%

34507

98%

Fraxinus sp.

0

0%

205

100%

Larix laricina 15

0

0%

50

100%

Larix laricina 20

7

0%

2846

100%

Pinus strobus/resinosa

2

0%

1405

100%

Quercus alba

0

0%

2

100%

Quercus sp.

53

1%

5827

99%

Thuja occidentalis

62

7%

805

93%

Tilia americana

18

0%

15952

100%

Tsuga canadensis

20

1%

2860

99%

Ulmus americana

88

2%

4411

98%

Table 17. Change in historical distributions of tree species from pre‐settlement to the 1950s using 1950s woodlands classified by vegetation information

5.5.3. Gap Pre‐settlement to the Present
The comparison of pre‐settlement distributions to current distributions yielded similar results (Fig. 16).
The species displaying a decrease in distribution area of over 90% are Hickory, Red Pine, White/Red Pine,
White Oak, various Oak species (predominantly Red Oak) and White Elm (Table 18). The two species displaying
the largest reduction in distribution area are Hickory, Red Pine and White Elm, with respective decreases of
99%, 100% and 94% (Table
18). Tamarack and White

decreases in distribution
area, with respective
reductions of 70% and 62%
(Table 18).

Percent of Historical Distribution (%)

Cedar display the smallest

Loss from Pre‐settlement (%)
Currently Remaining (%)
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Species
Fig ure 16. Change in tree species distributions from pre‐settlement to the present
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Presently Remaining

Loss from Pre‐settlement

Ha

%

Ha

%

Acer sp.

11459

13%

77542

87%

Carya sp.

2005

8%

22880

92%

Carya sp. 22

13

2%

571

98%

Castanea dentata

8

11%

63

89%

Fagus grandifolia

12530

24%

39035

76%

Fraxinus sp.

38

18%

168

82%

Larix laricina 15

16

30%

37

70%

Larix laricina 20

840

27%

2226

73%

Pinus resinosa

0

0%

11

100%

Pinus strobus/resinosa

293

7%

3876

93%

Quercus alba

0

8%

2

92%

Quercus sp.

405

7%

5681

93%

Thuja occidentalis

467

38%

760

62%

Tilia americana

2644

10%

23019

90%

Tsuga canadensis

1837

25%

5586

75%

Ulmus americana

625

6%

10513

94%

Table 18. Change in historical distributions of tree species from pre‐settlement to the present

5.5.4. Comparison to Initial Woodlands Gap
In addition to comparing pre‐settlement species distributions to 1950s and current woodlands, the
pre‐settlement
distributions were

Within Woodlands Lost since 1950s (ha)
Within New Woodlands since 1950s (ha)
Within Woodlands Remaining from 1950s (ha)

also compared to

woodlands lost,
gained and
remaining from the
1950s in the present
day (Fig. 17). The

Total Area (ha)

those specific

4500
4000
3500
3000
2500
2000
1500
1000
500
0

purpose of this is to
gain insight into the
species composition
of the lost and
remnant woodlands,

Species
Fig ure 17. Amount of each species within lost, gained and remaining woodlands from the 1950s in the present
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as well as to determine what species have potentially been replaced by the new woodlands since the 1950s.
Species comprising the largest proportion of the lost woodlands are various Maple species (57%), American
Beech (44%), Hickory (16%) and Basswood (14%) (Table 19). Species displaying the largest presence within the
remnant woodlands are various Maple species (56%), American Beech (60%) and Basswood (13%) (Table 19).
The new woodlands have been established at sites where historically various Maple species (66%), American
Beech (62%) and Basswood (17%) were dominants (Table 19).
Woodlands present in the 1950s but
not now
Ha
% of total loss

Woodlands Present now but not in
1950s
Ha
% of total gain

Acer sp.

1827

57%

4092

66%

Woodlands Remaining
from the 1950s
Ha
% of total
remaining
3685
56%

Carya sp.

502

16%

579

9%

492

7%

Carya sp. 22

22

1%

5

0%

6

0%

Castanea dentata

1

0%

7

0%

0

0%

Fagus grandifolia

1424

44%

3848

62%

3947

60%

Fraxinus sp.

4

0%

28

0%

10

0%

Larix laricina 15

4

0%

3

0%

12

0%

Larix laricina 20

267

8%

284

5%

468

7%

Pinus resinosa

0

0%

0

0%

0

0%

Pinus strobus/resinosa

164

5%

208

3%

73

1%

Quercus alba

1

0%

0

0%

0

0%

Quercus sp.

239

7%

198

3%

177

3%

Thuja occidentalis

125

4%

113

2%

227

3%

Tilia americana

435

14%

1038

17%

848

13%

Tsuga canadensis

180

6%

262

4%

293

4%

Ulmus americana

103

3%

221

4%

180

3%

Table 19. Pre‐settlement species distributions compared to remaining, lost and gained woodlands from the 1950s to today. Total amount of each species
remaining, lost and gained are represented as well as their proportion of the total areas remaining, lost and gained

6. Discussion
The Region of Peel Official Plan, 2012 includes a mandate to support and protect the natural
environment. In order to achieve this, the region uses a Greenlands System to define the existing and
potential natural areas. This system is divided into three categories; Core Areas, Natural Areas and Corridors
(NACs) and Potential Natural Areas and Corridors (PNACs). While Core Areas are protected by the plan and
contain ecological features that provide favorable conditions for uninterrupted natural systems and maximum
biodiversity (ROP, 2012), they are supported, connected and buffered by the NACs and PNACs to ensure
ecosystem integrity. As Areas of Natural and Scientific Interest (ANSIs), Environmentally Sensitive or Significant
Areas (ESAs), Escarpment Natural Areas, Escarpment Protection Areas, fish and wildlife habitat, habitats of
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threatened or endangered species, wetlands, woodlands, valley and stream corridors, shorelines, natural
lakes, natural corridors, ground water recharge and discharge areas, open space portions of the Parkway Belt
West Plan, and other natural features and functional areas (ROP, 2012) are all elements of the Greenlands
System, the importance of the results in terms of contributing to further development and improvement of
this system are discussed. The Ministry of Natural Resources also has guidelines for protecting Natural
Heritage Features. These include specific criteria of identifying and evaluating significant woodlands in
Southern Ontario. The importance of the results in terms of contributing to further development and
improvement of the provincial guidelines are also discussed.
The results indicate that some woodland cover has been gained back since the 1950s. It is important to
note this could possibly be due to differences in the mapping protocol from the 1950s and the present day. In
the 1950s, forest mapping was less inclusive, as many successional forests were termed scrub lands and may
not have been included in mapping efforts. However, the 31% increase in total woodland cover is too large to
be explained solely by these differences in mapping.
There are a few other explanations for the increase in woodland cover from the 1950s to the present.
The first is strong provincial planting and restoration programs for southern Ontario. Between the 1790s and
the early 1900s, Ontario was denuded of much of its existing forests from land clearance for agriculture and
logging for timber exports to Great Britain. By the early 20th century, much of the top soil was gone and
extensive portions of the landscape were no longer favorable for agriculture. Without forests on the landscape
to buffer the impacts of high rainfall events, flooding also became problematic. These negative consequences
of deforestation prompted the province to purse aggressive planting programs that resulted in successful
restoration since the beginning of the 20th century, and lasted until the mid to late 1990s. The establishment
of the conservation authorities throughout the 1950s also facilitated increased planting and restoration
efforts, mainly in riparian areas.
Another possible explanation is changing agricultural practices. The results show that the greatest
percent increase in woodland cover since the 1950s has occurred in areas possessing a larger amount of
agricultural land, such as Caledon (Fig. 1). As the soils in Caledon are less suited to agriculture than those
located further south, these areas may no longer be under cultivation, thus allowing forest re‐establishment.
Furthermore, a larger percentage of both 1950s and current woodlands are located on lands currently
classified as agriculture. During initial colonization it was common for settlers to completely clear the land of
woodlands for agriculture. This means that dramatic decreases in woodland cover would have been witnessed
after initial colonization. Recently, environmental conservation has been recognized as an important factor
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contributing to the long term sustainability of farms. The Ministry of Agriculture, Food and Rural Affairs has
released numerous publications identifying best management practices for maintaining farm forestry, habitat
management, and buffer strips in Ontario. Due to these changing practices, woodlands that were initially
cleared for agriculture have had opportunities to become re‐established.
A final possible explanation for woodland increase is that since the 1950s, public concerns over the
right to a healthy environment have increased and are now manifested within the Canadian political system.
For example, the Niagara Escarpment Planning and Development Act, 1973 established a planning area
around the escarpment within which strict regulations on development are applied. Objectives of the Niagara
Escarpment Plan listed within the Act include protecting unique ecologic and historic areas, and maintaining
and enhancing the landscape character of the escarpment by such means as compatible farming or forestry
and by preserving natural scenery (Government of Ontario, 1973). As a small portion of the Niagara
Escarpment is located within the Town of Caledon, it follows thus that an increase in woodland cover has
occurred in this area.
Additionally, the Greenbelt Act, 2005 protects countryside and agricultural lands from urban
development. Objectives of the Greenbelt Plan listed within the Act include providing protection to the land
base needed to maintain, restore and improve the ecological and hydrological functions of the Greenbelt
Area, and promoting linkages between ecosystems and provincial parks or public lands (Government of
Ontario, 2005). Since 45% of the Region of Peel is within the Greenbelt Planning Area, a large portion of
natural areas are now protected from urban development. Although this would not account for the increase in
woodlands from the 1950s to the late 1990s, it will facilitate future woodland protection in years to come.
The results for wetland cover change highlight the importance of selecting the most relevant of the
pre‐settlement wetland mappings. The most inclusive scenario that defines wetlands as including low lying
areas and bottomlands displays the most dramatic decline from the pre‐settlement condition. The largest
percentage decline is in areas possessing the highest amount of urbanization, such as Mississauga. Thus,
wetland decrease is clearly associated with urbanization and development. This trend is further confirmed
through examination of wetland cover change in the less inclusive scenario, defining wetlands with a
threshold of 0.12. This model is significant because both of the highly urbanized municipalities, Brampton and
Mississauga, display a decline in wetland cover even though there is a net total increase in wetland cover for
the entire region.
For the purposes of assessing changes in wetland cover from pre‐settlement, the most inclusive
scenario merits the most attention. It has shown the most dramatic declines and includes riparian areas along
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rivers that are ecologically significant. These areas act as floodplains and important wildlife habitat. They are
also included in the Greenlands System classification as:
•

Core Areas: significant wetlands, core valley and stream corridors meeting one or more of the criteria
in Table 2 of the Plan;

•

NACs: evaluated non‐provincially significant wetlands any other valley and stream corridors that have
not been defined as part of the core areas; and

•

PNACs: Unevaluated wetlands (ROP, 2012)
As decreases in historical cover have been greatest in urban areas, the Core Areas, NACs and PNACs in

these regions are most vulnerable to flooding and biodiversity loss. Management of these areas is specified as
Regional Council policy in the Official Plan as follows:
•

To “Recognize the environmental value of all wetlands as part of the Greenlands System in Peel and
support their identification and protection through the land use planning process as appropriate”;

•

To “Direct the area municipalities in conjunction with the conservation authorities and the Ministry of
Natural Resources to study and evaluate unevaluated wetlands and protect them as appropriate”; and

•

To “Recognize the environmental value of all valley and stream corridors as part of the Greenlands
system in Peel and support their identification and protection through the land use planning process
as appropriate” (ROP, 2012)
The gap analysis for historical tree species distributions compared pre‐settlement distributions to both

the 1950s and current woodlands. For changes up to the 1950s, the species that witnessed the largest percent
decline (Hickory, American Chestnut and Red Pine) already had a low presence on the landscape prior to
settlement. Declines in American Chestnut are attributable to the Chestnut blight during the early 1900s. For
changes up to the present, the species that witnessed the largest percent decline were Hickory, Red Pine and
White Elm. Although Hickory and Red Pine already had a low presence on the landscape prior to settlement,
White Elm had a larger distribution. Dramatic declines in White Elm from pre‐settlement to the present day
are explained by the Dutch Elm Disease (DED) epidemic that decimated native elm populations in North
America throughout the 1970s and 1980s. The comparison of pre‐settlement species to the 1950s woodlands
classified by species composition witnessed dramatic declines of over 90% for all species. This is most likely
attributable to the fact that most woodlands in Peel were cleared by the early 1900s, with only 10% forest
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cover remaining by this time. However, it could also be due to the less inclusive mapping protocol of the 1950s
maps.
The results describing pre‐settlement species contained within lost, remnant and gained woodlands
since the 1950s are highly valuable for prioritizing conservation efforts and establishing baseline restoration
targets. It is no surprise that various Maple species, American Beech and Basswood represent the greatest
proportion of the species located in lost, remnant and gained woodlands, as these species have the largest
pre‐settlement distributions of all species examined in the analysis. Although the composition of the new
woodlands that have been added to the landscape since the 1950s are unknown, the results indicate that they
are likely replacing woodlands that now thrive on sites which used to be dominated by various Maple species,
American Beech and Basswood. In terms of protection, the percentage of each species within remnant
woodlands is important. Disregarding various Maple species, American Beech and Basswood, the species with
the next highest level of abundance in these areas are Hickory, Tamarack, various Oak species, White Cedar,
Hemlock and White Elm. As Tamarack, White Cedar and Hemlock already had a low presence on the landscape
prior to settlement, protection of remnant woodlands containing these species is vital. Although White Elm
did not have a low presence on the landscape prior to settlement, those currently existing in remnant
woodlands are rare due to the impact of DED. In terms of restoration, the percentage of each species within
lost woodlands is important. Disregarding various Maple species, American Beech and Basswood, the species
with the next highest level of abundance in these areas are Hickory, Tamarack, White/Red Pine, various Oak
species, White Cedar, Hemlock and White Elm. Thus, in regards to planting, these species have the highest
potential for successful restoration and will also increase woodland biodiversity based on pre‐settlement
distributions.
The results of this analysis are intended to be used for restoration target setting, prioritizing
conservation efforts, and informing both the Region of Peel’s Greenland’s classification system and the
Ministry of Natural Resources’ Natural Heritage Reference Manual. However, it is important to be aware of
some of the limitations of pre‐settlement mapping when integrating results into the current land use planning
framework. The first limitation is the initial source of the data itself. As pre‐settlement mapping is based on
historical survey records, the accuracy and precision of the species models depends on that of the records. If
the surveyors did not correctly identify species, recorded only the genus, gave just a general description of
vegetation (e.g. mixed forest), or favored certain species (e.g. white pine), some of the models developed
might have lower accuracy. However, most of these specific limitations were addressed through omission of
the information as well as models that were poor. Additionally, when using the model it is important to be
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aware of alteration of the historical landscape over time. As the region of peel is highly developed, agriculture
and urbanization have changed the landscape drastically since pre‐settlement in terms of soils and
microclimates. Thus, certain species may not grow as well as they once did in certain areas. Also, global
climate change has increased temperatures and altered rainfall patterns. Certain species therefore may not
grow as well as they once did prior to settlement. The second and most significant limitation of the study is a
lack of information on current species composition within existing woodlands. Since the historical species
distributions were compared to existing woodland distributions, not specific species distributions and
presence within these woodlands, the species composition within these existing woodlands was inferred from
predictive modeling. Information pertaining to existing species composition would be useful for model
validation and would help assess the certainty of information in historical vegetation maps. Thus, further study
to validate the species composition within these new woodlands is necessary if pre‐settlement mapping is to
effectively function as a tool to guide conservation and influence policy.
7. Conclusion and Recommendations
The listed objective to achieve restoration of the natural environment in the Region of Peel Official
Plan is to “seek opportunities to enhance the Greenlands System in Peel by restoring and enhancing degraded
components of the ecosystem and by extending the network of natural areas where ecologically beneficial”
(ROP, 2012). Species and ecosystem restoration is most successful when performed strategically. When
interpreted correctly, the results of this analysis can be used to aid in strategic restoration and conservation.
The increase in woodland cover from the 1950s was most apparent in regions possessing a large amount of
agricultural land, such as Caledon. However, the more urbanized municipalities of Brampton and Mississauga
witnessed a less dramatic increase in woodland cover. Thus, woodland restoration should be targeted in urban
areas to support urban greening. However, since woodland abundance is greater in agricultural areas,
conservation and protection should be directed to these regions. For wetlands, decreases in total cover were
associated with urbanization. Thus, wetland conservation and restoration should be part of urban restoration
for Mississauga and Brampton. As with woodlands, current wetlands and those remaining from the past have
a higher presence within lands classified as agriculture. Protection and conservation of remnants thus needs to
be pursued in agricultural areas.
Specific species for planting that experienced the greatest loss and need to be restored are various
Maple species, American Beech and Basswood, as well as other species associated with Beech‐Maple forests.
These species had a large presence on the pre‐settlement landscape and are highly suited for growth in the
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Region of Peel. However, in order to increase biodiversity on the landscape, planting of various Hickory
species, Tamarack, White/Red Pine, various Oak species, White Cedar, Hemlock and White Elm is
recommended. These species also once had a significant presence on the landscape, but their abundance has
been drastically reduced over the past 200 years. Based on the historical distributions, specific baseline targets
for restoration of these species can be established. In order to set these targets, further validation of species
composition within existing woodlands would be necessary to determine the current amount of each species
on the landscape.
In terms of refining current policies, the results are very useful in guiding Natural Heritage System
Planning. The Ministry of Natural Resources Natural Heritage Reference Manual lists criteria for identifying
and protecting significant woodlands in southern Ontario. Significant woodlands criteria can benefit from pre‐
settlement mapping and gap analysis, as they can help strengthen guidelines. This is accomplished by
highlighting the importance of remnants and providing insight to the potential forest that could exist where
early successional patches (scrub forests) and smaller remnants currently are. The uncommon characteristics
criterion of the manual states that “woodlands that are uncommon in terms of species composition, cover
type, age or structure should be protected” (OMNR, 2010). It also highlights the importance of protecting
older woodlands, and includes both unique species composition and older woodlands or woodlands with
larger tree size structure in native species as criteria for identification. For the Region of Peel, the results of
this study can assist with identification of specific species that could be included as uncommon and part of
older woodlands. These species include various Hickory species, Tamarack, various Oak species, White Cedar,
Hemlock and White Elm. Adding this criterion to the guidelines would greatly broaden the amount and type of
woodlands that are considered significant in the Region of Peel and would facilitate increased protection
through greater inclusion of successional forests and patches that are less valued at the moment. However, as
previously stated a major limitation of the study is a lack of information on current species composition within
existing woodlands. The gap analysis was based on the current forest cover and an assumption that the
species composition with the existing patches remains the same as in the pre‐settlement landscape. If the
composition of the existing patches is known, the results of the gap analysis could show greater decline for
some species. In order to determine adequate thresholds for inclusion, further study would be necessary to
validate the current species composition within existing woodlands.
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10. Appendix

Map 1. Location of lost, gained and remnant woodlands from the 1950s
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Map 2. Location of lost, gained and remnant wetlands (including bottomlands) from pre‐settlement
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Map 3. Location of lost, gained and remnant wetlands (defined with a threshold of 0.12) from pre‐settlement
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