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Abstract 

Ecological integrity is an important concept in ecosystem management. It is a measure of 

ecosystem health, and the abundance and functionality of native species are the key 

components. The main objective of this study is to obtain estimates of the ecosystem health 

of the Park Drive Ravine, Toronto, Ontario, Canada through the lens of ecosystem health. A 

comprehensive survey was conducted in the Park Drive Ravine in 1977, and a canopy 

resurvey was conducted in 2015. Results indicated a degraded ecological integrity in this 

ravine – the relative contribution of native species has decreased with no or little evidence 

of regeneration, but the relative contribution of non-native species, especially Norway maple 

(Acer platanoides L.) has increased with lots of regeneration. Ash species (Fraxinus spp.) and 

American beech (Fagus grandifolia Ehrh.) used to be two of the dominant species in this 

ravine in 1977, but their populations have largely declined due to the massive infestation of 

emerald ash borer and beech bark disease. As the ravine canopy loses these major 

contributors and other native species, the population of Norway maple will further expand 

and severely degrade the ecological integrity. In order to restore the ravine ecosystem, 

long-term monitoring of various taxonomic groups in the ravines is recommended, and 

collaboration among various stakeholders is critical.  
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Introduction 

Ecological integrity has been an important concept in ecosystem management for decades. It 

emerged when Aldo Leopold wrote in his well-known book A Sand County Almanac that “A 

thing is right when it tends to preserve the integrity, stability, and beauty of the biotic 

community” (Leopold, 1949, pp. 224-225). In 1972, the US Environmental Protection 

Agency (EPA) established The Federal Water Pollution Control Act Amendments with the 

objective being “to restore and maintain the chemical, physical, and biological integrity of the 

Nation’s waters” (EPA, 1972). In 1981, Dr. James Karr developed the Index of Biotic 

Integrity (IBI) to measure the quality of water resources. In 2000, the Canada National Parks 

Act was established, and ecological integrity was considered as the first priority in national 

park management (Minister of Justice, 2000). The act defined ecological integrity as “a 

condition that is determined to be characteristic of its natural region and likely to persist, 

including…abundance of native species…and supporting processes” (Minister of Justice, 

2000). In 2006, the Provincial Parks and Conservation Reserves Act (PPCRA) was 

established, and ecological integrity was considered as the first priority in the management of 

provincial parks and conservation reserves (Ontario, 2006). This provincial act defined 

ecological integrity as “a condition in which…the composition and abundance of native 

species…are characteristic of their natural regions and…ecosystem processes are unimpeded” 

(Ontario, 2006). In 2015, the Toronto Ravine Strategy is being developed by Parks, Forestry 

and Recreation, City Planning, and Toronto Water in consultation with Economic 

Development and Culture, the Toronto and Region Conservation Authority (TRCA), 

stakeholders, and the public, and one of the targets of this strategy is to protect the ecological 

integrity in Toronto’s ravines (City of Toronto, 2015). 

 

Urban natural areas provide various ecosystem services such as erosion control, pollution 

mitigation, microclimate regulation, and improvement of physical and mental health of urban 

residents (Bolund and Hunhammar, 1999). However, as the remnant natural areas within 

urban boundaries keep being disturbed and threatened by human activities, the quality of 

ecosystem services they provide are degrading due to a loss of biodiversity and the 

introduction of non-native species (Wilson, 1988). For example, as a result of urbanization 

since 1982, 180 native plant species have disappeared from the forests of Munich, Germany 

(Pauleit and Oppermann, 2002). Recently, McCune and Vellend (2013) resurveyed 184 

vegetation plots on southern Vancouver Island and found that urbanization had resulted in 

double the number of non-native species lost compared to the late 1960s. Another recent 

analysis by Dolan (2015) compared tree inventory data from 1820 to that in 2008 and showed 

that 35 out of 40 pre-settlement tree species (including both native and non-native ones) 

could still be found in present-day remnant natural areas of Indianapolis. Indiana. He also 

found that the frequency and size of different species had changed significantly over that time, 
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and that 18 new non-native species had been introduced. In particular, the frequency of 

American beech and oak species were found to have decreased while that of sugar maple 

(Acer saccharum Marshall) and elm species (Ulmus spp.) had increased. 

 

The few studies carried out in urban naturalized areas reveal an interesting phenomenon 

– not all tree species are negatively impacted by human activities. While urbanization 

eliminates certain species from their native geographic ranges, it facilitates the introduction 

of others. Species that benefit from disturbance and expand their populations are considered 

‘winners’ while those whose populations are reduced are termed ‘losers’ (McKinney and 

Lockwood, 1999). ‘Winners’ and ‘losers’ are not randomly distributed among taxa – some 

life history traits promote population expansion (e.g. fast growth) while others accelerate 

extinction (low fecundity) (McKinney, 1997). Generally, there are only a few ‘winners’ but 

lots of ‘losers’ (McKinney and Lockwood, 1999). For example, in Dolan’s study (2015) 

above, sugar maple and elm species were the ‘winners’ while American beech and oak 

species were the ‘losers’. 

 

Ravines are terrestrial landscapes dissected by a stream or river that result in small 

valleys each comprised of two steep slopes on either side (Bates and Jackson, 1984, pp. 419). 

Ravine systems are one of the most distinguishing landscapes in Toronto and are 

characterized by an extensive network of river corridors within undeveloped urban forest 

areas. As such, they represent biodiversity hotspots for this large urban metropolis. Moreover, 

each ravine system retains important ‘ecological memory’ for the local region within which it 

is found, i.e., species native to the region, natural ecological processes, genetic diversity, etc. 

(Schaefer, 2009). 

 

Like other urban natural areas, ravines are prone to biodiversity loss and invasion of 

non-native species because of their small size, poor connectivity, and frequent anthropogenic 

disturbance (Matthies et al., 2015). For example, human activities have led to structural and 

compositional deterioration in the ravine valleys of Highland Creek, Scarborough, Ontario, 

Canada (Carlton and Taylor, 1983), and urbanization has been shown to cause massive 

erosion and loss of plant diversity in the coastal ravines of Illinois, USA (Shabica et al., 

2010). Another study from Poland found that the number of non-native woody species in a 

river valley increased from 76 to 116 over the last three decades (Dyderski et al., 2015). 

Unfortunately, little information is available on the impacts of urbanization within ravine or 

natural urban valley ecosystems. 

 

Since ravines have narrow, irregular shape and are highly vulnerable to flooding, the 

building of houses in ravine systems has been prohibited since 1954 when Hurricane Hazel 

devastated the region (TRCA, 2004). Despite this constraint, human activity has continued to 
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impact Toronto’s natural heritage ravine system. As a result of growing concerns and interest 

in ravine conservation by the Ministry of Environment, Toronto Field Naturalists, and the 

Rosedale Ratepayers Association, a formal research study “The Rosedale Ravines Study” was 

initiated during the summer of 1977 (The Rosedale Ravine Study, 1977). In this study, 

students from the University of Toronto surveyed tree canopy, vegetation understory, ground 

cover, small mammals, breeding birds, reptiles and amphibians, invertebrates, debris, and soil 

in four ravines of the Rosedale area. The intent was to provide baseline data that would 

enable the condition of Toronto ravines to be assessed into the future. To date, however, this 

unique study has not been replicated. Thus, after 38 years of intense urban development in 

this area, it seems an opportune time to ask, who is ‘winning’ and who is ‘losing’ in terms of 

diversity? Has the ravine ecosystem changed? Has species richness changed? Have the 

proportions of native and non-native species changed? What will the ravines look like after 

40 years? Will they still retain their original diverse ecological functions? These are important 

questions that can help elucidate potential ecological consequences of urbanization. 

 

A resurvey of the same four ravines was initiated by E. Davies (PhD graduate student, 

Faculty of Forestry, University of Toronto) in the summer of 2015 following the Toronto 

Ravine Strategy Open House. The key purpose was to explore potential changes in the 

ravines over the intervening 38 years through the lens of ecological integrity. Specifically, a 

partial canopy resurvey was conducted in one of the ravines during August and September 

2015 to provide forest inventory information and assess specific tree species ‘winners’ and 

‘losers’. 

 

 

Objectives 

The overall goal of this resurvey was to obtain estimates of the ecological integrity in the 

Park Drive Ravine. Specifically, the objectives were to:  

 

1) Update the tree inventory for three plots in the Park Drive Ravine previously 

surveyed in 1977 with data collected in 2015; 

2) Examine changes in the canopy composition in this Park Drive ravine since the 

1977 historical baseline survey; 

3) Provide quantitative evidence to the City of Toronto that will inform 

recommendations for developing a comprehensive management plan to restore, 

monitor and maintain these ravines into the future. 
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Methods 

Study site 

The Don River is the largest river in Toronto, Ontario, Canada, connecting the oak ridges 

moraine in the north with Lake Ontario in the south. Located on the west side of the Don 

River, the four ravines involved in The Rosedale Ravines Study, 1977 were formed by its 

tributaries; from north to south, Burke Brook Ravine, Moore Park Ravine, Park Drive Ravine, 

and Rosedale Valley. The total area of the ravines adds up to ~51 ha (= 126 acres). The 

following paragraphs in this section describe the history of these ravines during the past two 

centuries, and all the information are provided by the 1977 report (The Rosedale Ravines 

Study 1977). 

 

In the 19th century, the wooded areas in Rosedale consisted of pines and mixedwood 

forests. White pine (Pinus strobus L.), oak (Quercus spp.), and tamarack (Larix laricina (Du 

Roi) K. Koch) used to be the dominant species in these areas. During the 1700s and 1800s 

these woodlands were heavily logged, mainly for fuel, furniture, ship masts, and building 

materials. Today, the majority of the large trees in these ravines represent regrowth that 

occurred during the 20th century.  

 

The results of the 1977 study indicated that by 1977 white ash (Fraxinus americana L.), 

American beech, sugar maple, and Norway maple had become the dominant tree species in 

the ravine, with only a few conifers present and no regeneration. The proportion of 

non-native tree species at that time ranged from 2.5 to 25%. This 1977 study indicated that 

although the canopies of different ravines consisted of the same number of tree species, the 

identities and relative contribution of each species were distinct. For example, Norway maple 

was dominant in the Park Drive Ravine, but not common in the Burke Brook Ravine. In 

contrast, eastern hemlock (Tsuga canadensis (L.) Carrière) was abundant in the Burke Brook 

Ravine, but rare in the Park Drive Ravine. 

 

The partial canopy resurvey was conducted in the Park Drive Ravine (43.679888N, 

79.375845W; previously called North or Second Rosedale Ravine) (Fig. 1) in August and 

September 2015. This ravine was formed as a result of being carved by Mud Creek, one of 

the tributaries of the Don River. It has an area of 15 ha (= 35.9 acres) and represents a 

transition between tableland and bottomland (Fig. 2). The creek flows from northwest to 

southeast through the ravine resulting in north- and south-facing slopes. 

 

In 1882, the Glen Road Viaduct (previously called the North Iron Bridge) was built to 

connect the north and south side of the Park Drive Ravine. The viaduct enabled travelers to 

cross the ravine more easily, and local residents became the main users of the ravine. 
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Figure 1. Study area for the Park Drive Ravine, Toronto, ON where woody stems were 

surveyed in three subplots during the summers of 1977 and 2015 (highlighted in brown),  

 

 

 
Figure 2. A cross-sectional view of the Park Drive Ravine, Toronto, ON looking west in 2012 

(City of Toronto Archives: 

http://www1.toronto.ca/city_of_toronto/policy_planning_finance__administration/public_con

sultation_unit/transportation_office/kaygardnerbeltline/files/pdf/2012-09-10_beltline_trail_c

onditions.pdf). 

 

 

http://www1.toronto.ca/city_of_toronto/policy_planning_finance__administration/public_consultation_unit/transportation_office/kaygardnerbeltline/files/pdf/2012-09-10_beltline_trail_conditions.pdf
http://www1.toronto.ca/city_of_toronto/policy_planning_finance__administration/public_consultation_unit/transportation_office/kaygardnerbeltline/files/pdf/2012-09-10_beltline_trail_conditions.pdf
http://www1.toronto.ca/city_of_toronto/policy_planning_finance__administration/public_consultation_unit/transportation_office/kaygardnerbeltline/files/pdf/2012-09-10_beltline_trail_conditions.pdf
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In 1949, the Mt. Pleasant Road extension was built on the west side of the Park Drive 

Ravine, and Mud Creek was culverted to run below the ravine to avoid the construction site. 

Later in the 1950s, a large earth dike was built at the southeast end of the ravine to facilitate 

the construction of the Don Valley Parkway. In 1966, an open-channel storm sewer was built 

through the ravine using wire-enclosed stones resulting in a gabioned channel with gabioned 

banks. Part of the culverted Mud Creek was diverted back to the aboveground channel to 

maintain continuous flow. 

 

Retrieving the 1977 report and preparing for field work 

In July 2015, photocopies of the 1977 study report were obtained from Jane Weninger (Senior 

Planner from City of Toronto Planning, Strategic Initiatives, Policy and Analysis) via Eric 

Davies. The report consisted of background information, study methods, results, and 

discussion for four ravine systems in the Rosedale area, namely, Burke Brook Ravine, Moore 

Park Ravine, Park Drive Ravine, and Rosedale Valley (Fig. 3). Various taxonomic groups 

were surveyed in 1977: tree canopy, vegetation understory and ground cover, small mammals, 

breeding birds, reptiles and amphibians, and invertebrates. Measurements on debris and soil 

samples were also taken. Due to the constraint of time and budget in the current study, a 

resurvey was only conducted on the tree canopy and in one ravine system of the Park Drive 

Ravine. Other taxonomic groups and ravines are expected to be resurveyed in summer 2016. 

 

Relocating plots 

During the 1977 study, five plots were set up in the Park Drive Ravine. They were selected 

based on relatively uniform canopy structure and composition, as well as minimal human 

disturbance. Two of these plots were located on a south-facing slope, while the other three 

were located on a north-facing slope (Fig. 4). All had the same width (50m) although of 

slightly different length (depending on the distance from the creek to the margin of the ravine) 

and bearing. The total area of these plots represented ~10% of the wooded slope in the Park 

Drive Ravine. Data collection was conducted by University of Toronto students under the 

supervision of Professor Robert L. Jefferies (Department of Botany) and Professor Roger I. 

Hansell (Department of Zoology). 

 

The study methods and the site map (Fig. 4) provided by the 1977 report were not 

sufficient for relocating the plots since no further details (e.g. latitudes and longitudes, 

landmarks, etc.) of the plot locations were available. Thus, the old site map was scanned, 

imported into Google Earth, and the latitudes and longitudes of the four corners for each plot 

determined by superimposing the old site map on the latest map of Park Drive Ravine (Fig. 5). 

This relocation was done without a GPS device. However these marked coordinates saved in 

Google Maps could be viewed on a smartphone through a Google account. Each corner of 

each plot was relocated in the ravine by moving the phone until the current location 
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overlapped with a pair of saved coordinates. The accuracy of this approach was tested by 

measuring the width, length, and bearing (provided by the 1977 report) of each plot, and any 

fine adjustments were made as necessary. 

 

Figure 3. In 1977, four ravines in the Rosedale area, Toronto, Ontario were involved in a 

flora and fauna survey. From north to south, they are Burke Brook Ravine, Moore Park 

Ravine, Park Drive Ravine, and Rosedale Valley. This map was derived from the report 

written for this survey, The Rosedale Ravines Study 1977. 
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Figure 4. Site map of the Park Drive Ravine, Toronto, Ontario provided by “The Rosedale 

Ravines Study, 1977”. Heavy black lines delineate the boundary of the ravine and the 

locations of five plots used for data collection in 1977. 

 

 

 

Figure 5. The original Park Drive Ravine (Toronto, ON) site map from1977 imported into 

Google Earth and superimposed with the most recent map of the Park Drive Ravine (2015). 

Latitudes and longitudes were determined by clicking on the corners of each plot. 
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The relocation process revealed that some of the plots could not be accessed. For 

example, Plot 1 overlapped with a fenced area set up by the City and Plot 2 overlapped with a 

private property that was also fenced. Although a letter was left in the mailbox in the latter 

case, the owner could not be contacted. Therefore, only Plot 3, 4, and 5 were resurveyed in 

this study. Their sizes, aspects, and bearings will be presented in Table 1 in the Results 

section.  

 

The four corners of each plot were marked with yellow tent pegs. To better organize data 

collection and identify habitat types, each plot was divided into 25m × 25m-quadrats (Fig. 

6). For example, plot 3 was divided into four 25m × 25m-quadrats and two riparian 

quadrats of varying size (Table 1) due to the topography of the ravine. Plots 4 and 5 were set 

up in the same way in order to facilitate organized data collection. 

 

 

Creek 

Riparian quadrats 

  Interior quadrats 

  Verge quadrats 

  Plot 3 House 

Figure 6. An illustration of the plot set up for the 2015 tree canopy resurvey in the Park 

Drive Ravine, Toronto, Ontario. The Verge and Interior quadrats are 25m × 25m while the 

riparian quadrats have varying sizes depending on the length of each plot. 

 

Data collection 

Data were collected in each quadrat of Plots 3, 4, and 5. Based on their locations, the quadrats 

can be categorized into three habitat types: Verge (top of the ravine, close to roads and 

houses); Interior (middle of the slopes, not adjacent to roads or the creek); and Riparian 

(bottom of the ravine, close to the creek). 

 

In the 1977 study, woody stems with a diameter >= 3cm at breast height (DBH) were 

recorded by species. This was repeated in the 2015 resurvey using calipers (for smaller trees) 

and DBH tapes (for larger trees that exceeded the capacity of calipers). In addition, woody 

stems with a diameter between 2 and 3 cm were also recorded in order to make a better 

observation of regeneration. A minimal DBH was set at 2cm since this was the smallest 

diameter the calipers could measure. 

 

While most of the data were collected from the 25m × 25m-quadrats, the plots were 

then divided into 50m × 10m-transects in order to collect some other data. In the 1977 study, 

plots were divided into transects rather than quadrats to facilitate data collection, and one of 
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the parameters (Frequency, F) was calculated based on the presence and absence of species in 

each transect. However, in this resurvey, the necessity of setting up transects was not realized 

until the end of data collection. Therefore, transects were set up after collecting other data 

from the quadrats, and the presence and absence of different species in each transect were 

recorded. Similar to the number of quadrats, the number of transects in each plot varies 

depending on the plot length (Table 1). 

 

Parameters 

The 1977 study used seven parameters to quantify the absolute and relative contribution of 

each tree species: Absolute density (D); Relative density (%D); Absolute frequency (F); 

Relative frequency (%F); Absolute basal area (BA); Relative basal area (%BA); Importance 

value (IV); and Relative importance value (%IV). Formulae for the calculation of these 

parameters were provided in the method section of the 1977 report. A checklist of tree species 

found in each plot was also provided. Since the raw data from 1977 cannot be retrieved, the 

comparison between 1977 and 2015 data only involved some of the parameters. They will be 

listed and explained in the following section. 

 

Comparing 1977 historical baseline data to 2015 

All the tables and graphs provided in the 1977 report were digitized and entered into a 

Microsoft Excel datasheet in order to compare them with the data collected in 2015. In order 

to be consistent between years, the formulae and criteria used in 2015 followed those used in 

1977. The parameters to be calculated/graphed/compared with the 1977 data were: 

 

1) Absolute density (D) of each plot: 

 

D 𝑜𝑓 𝑎 𝑝𝑙𝑜𝑡 =  
# 𝑜𝑓 𝑡𝑟𝑒𝑒𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑝𝑙𝑜𝑡

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑝𝑙𝑜𝑡 (𝑚2)/10,000 𝑚2
 

 

2) Species richness of each plot: Calculated as number of species recorded in the plot. 

 

3) Relative density (%D) of each species in each plot: 

 

%D of a species in a plot =
# 𝑜𝑓 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠 𝑜𝑓 𝑡ℎ𝑖𝑠 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 𝑖𝑛 𝑡ℎ𝑖𝑠 𝑝𝑙𝑜𝑡

# 𝑜𝑓 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠 𝑜𝑓 𝑎𝑙𝑙 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 𝑖𝑛 𝑡ℎ𝑖𝑠 𝑝𝑙𝑜𝑡
×  𝑜% 

 

After the calculation of %D, these species will be classified as native or non-native 

according to Table A8 of the 1977 report (The Rosedale Ravines Study, 1977, p. 96), 

and the proportions of each native or non-native species in 1977 and 2015 will be 

calculated. 
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4) Frequency (F) of each species in each plot: 

 

F of a species in a plot =
# 𝑜𝑓 𝑡𝑟𝑎𝑛𝑠𝑒𝑐𝑡𝑠 𝑤𝑖𝑡ℎ 𝑡ℎ𝑖𝑠 𝑠𝑝𝑒𝑐𝑖𝑒𝑠

𝑡𝑜𝑡𝑎𝑙 # 𝑜𝑓 𝑡𝑟𝑎𝑛𝑠𝑒𝑐𝑡𝑠 𝑖𝑛 𝑡ℎ𝑖𝑠 𝑝𝑙𝑜𝑡
 

 

5) Relative frequency (%F) of each species in each plot: 

 

%F of a species in a plot =
𝐹 𝑜𝑓 𝑡ℎ𝑖𝑠 𝑠𝑝𝑒𝑐𝑖𝑒𝑠

𝑆𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝐹 𝑣𝑎𝑙𝑢𝑒𝑠 𝑜𝑓 𝑎𝑙𝑙 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 𝑖𝑛 𝑡ℎ𝑖𝑠 𝑝𝑙𝑜𝑡 
× 100% 

 

6) Basal area (BA) of each individual: 

 

BA = 
1

2
𝜋 ∙ 𝐷𝐵𝐻 

 

7) Relative basal area (%BA) of each species in each plot: 

 

%BA of a species in a plot =  
𝐵𝐴 𝑜𝑓 𝑡ℎ𝑖𝑠 𝑠𝑝𝑒𝑐𝑖𝑒𝑠

𝑆𝑢𝑚 𝑜𝑓 𝐵𝐴′𝑠 𝑜𝑓 𝑎𝑙𝑙 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 𝑖𝑛 𝑡ℎ𝑖𝑠 𝑝𝑙𝑜𝑡 
× 100% 

 

8) Importance value (IV) of a species in a plot:   

The sum of Relative density (%D), Relative frequency (%F), and Relative basal area 

(%BA) of this species. 

 

9) Relative importance value (%IV) of each species in each plot: 

 

%IV of a species in a plot =  
𝐼𝑉 𝑜𝑓 𝑡ℎ𝑖𝑠 𝑠𝑝𝑒𝑐𝑖𝑒𝑠

𝑆𝑢𝑚 𝑜𝑓 𝐼𝑉′𝑠 𝑜𝑓 𝑎𝑙𝑙 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 𝑖𝑛 𝑡ℎ𝑖𝑠 𝑝𝑙𝑜𝑡
× 100% 

 

10) Size class distribution: 

Size class distribution of Ash species (Fraxinus spp.), American beech (Fagus 

grandifolia), and Norway maple (Acer platanoides) will be graphed. 

 

All plots were set up in areas with relatively uniform canopy structure and composition, 

and all areas with heavy human disturbance and edge effect were avoided. These non-random 

plot selection criteria violate the assumption of running statistical tests, and the plots cannot 

be considered as replications of each other. As a result of this non-random, incomplete study 

design, the status of the ravine canopy in 1977 and 2015 could not be compared by pooling 
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the three plots together and taking the mean for each parameter. Instead, because tree data 

were absolute measures, the temporal changes in each plot were studied independently 

between the two sample years. 

 

 

Results 

Absolute density (D) and species richness 

In 2015, the number of trees per hectare found in the plots ranged from 377 to 883 per 

hectare, Compared to the corresponding data collected in 1977, the absolute densities of Plot 

3 and 5 only increased by 1.3% and 0.2%, respectively, while the absolute density of Plot 4 

almost doubled (increased by 85.1%). 

 

The number of species recorded in the plots ranged from 14 to 30 (Table 1). The number 

of species recorded in Plot 3 and 5 had a net increase of one species (lost 6 but gained 7) and 

a net decrease of four species (lost 9 but gained 5), respectively, while the number of species 

recorded in Plot 4 doubled over the past 38 years (lost 2 but gained 17) (Table 1). Detailed 

information about which species were lost or gained will be provided when comparing native 

and non-native species. 

 

Table 1. Number of trees per hectare (absolute density (D)) and species richness (number of 

tree species recorded) in sample plots from the Park Drive Ravine, Toronto, Ontario (1977 

and 2015); width, length, size, aspect, and bearing of each plot were obtained from Table D3, 

Appendix D, The Rosedale Ravine Study 1977. 

 

Plot 
Width 

(m) 

Length 

(m) 

Size 

(ha) 
Aspect Bearing 

Absolute density 

(trees/ha) 
 

Species richness 

(# of species) 

1977 2015  1977 2015 

3 50 60 0.3 North-facing 26° 523 530  17 18 

5 50 85 0.4 North-facing 29° 618 619  18 14 

4 50 90 0.5 South-facing 195° 477 883  15 30 

 

Relative importance value (%IV) and size class distribution 

The species compositions as well as the %IV of the top eight species in each plot in 1977 and 

2015 are presented in Fig. 7. The size class distributions of ash species, American beech, and 

Norway maple in each plot are presented in Fig. 8. 
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Figure 7. The eight most common species and their relative importance values (%IV) in each 

plot in 1977 (left column) and 2015 (right column) in the Park Drive Ravine, Toronto, Ontario; 

relative importance value of each species in each plot in 1977 was obtained from Table A3, 

Appendix A, The Rosedale Ravine Study 1977. Plot 3 and 5 (top two rows) were located on 

the north-facing slope, and Plot 4 (bottom row) was located on the south-facing slope. 

Abbreviation used for each species in this figure (alphabetically): Ash = Ash species 

(Fraxinus spp.) that are native to Toronto; Bb = Blue beech (Carpinus caroliniana); Bd = 

American basswood (Tilia americana); Be = American beech (Fagus grandifolia); Bw = 

White birch (Betula papyrifera); Chb = Black cherry (Prunus serotinus); Dog = Dogwood 

species (Cornus spp.); Ew = White elm(Ulmus americana); He = Eastern hemlock (Tsuga 

canadensis); Ht = Hawthorn (Crataegus spp.); Hw = American witch-hazel (Hamamelis 

virginiana); Mm = Manitoba maple (Acer negundo); Mmt = Mountain maple (A. spicatum); 

Mn = Norway maple (A. platanoides); Mr = Red maple (A. rubrum); Ms = Sugar maple (A. 

saccharum); Or = Red oak (Quercus rubra); Ow = White oak (Q. alba); Pb= Balsam poplar 

(Populus balsamifera); Wych = Wych elm (U. glabra) 
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The %IV of ash species ranged from 18.0 to 30.7% in 1977, but ranged from 4.9 to 12.6% 

in 2015 (Fig. 7). In 2015, its population size ranged from 11 to 49 with limited evidence of 

regeneration in Plot 3 and lots of absent cohorts in all three plots (Fig. 8).  

 

The %IV of American beech slightly increased from 13.2 to 15.4% in Plot 3, decreased 

from 12.3 to 7.9% in Plot 5, and substantially decreased from 14.8 to 3.7% in Plot 4 (Fig. 7).  

 

 

Figure 8. The size class distribution of ash species (Fraxinus spp.) that are native to Toronto 

(left column), American beech (Fagus grandifolia, middle column), and Norway maple (Acer 

platanoides, right column) in each plot in the Park Drive Ravine, Toronto, Ontario, 2015. 

The horizontal axis represents different diameter at breast height (DBH) classes, and the 

vertical axis represents number of stems in each DBH class. Plot 3 and 5 (top two rows) were 

located on the north-facing slope, and Plot 4 (bottom row) was located on the south-facing 

slope. 

 

Eastern hemlock, white pine, and white oak (Quercus alba L.) were found to have no 

regeneration. For each of these species, no more than 5 stems were found from all three plots, 

and all of these stems had DBH>20cm. 

 

Black cherry (Serotina prunus Ehrh.), black walnut (Juglans nigra L.), and red oak 

(Quercus rubra L.) were found to have limited regeneration. For each of these species, no 
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more than 10 stems were found from all three plots, and the number of saplings 

(DBH<=10cm) was below 5. 

 

 The %IV of Norway maple ranged from 0 to 6.3% in 1977, but then substantially 

increased in all plots and ranged from 14.2 to 24.2% in 2015. More importantly, while no 

Norway maple was recorded in Plot 4 in 1977, it is now the second most dominant species in 

this plot. 

 

Change in the proportions of native species with non-native species 

Each species recorded by the 1977 study and/or the 2015 resurvey was classified as native or 

non-native to Toronto according to the native ranges of 679 woody species across North 

America defined by the United States Geological Survey (USGS) (data resource available at 

http://esp.cr.usgs.gov/data/little/). Table 2 summarizes the numbers of species that are native 

and non-native to Toronto in each plot in 1977 and 2015. In the last two rows, minus sign (-) 

represents the number of species that were lost, and plus sign (+) represents the number of 

species that were newly introduced since 1977. The bottom row shows the proportion of 

native and non-native species in terms of species richness (i.e. number of different species 

found). 

 

From 1977 to 2015, the number of native species in Plot 3 did not change (14 in both 

years, lost 5 but gained 5), and the number of non-native species increased from 3 to 4 (lost 1 

but gained 2). 

 

The number of native species in Plot 5 decreased from 12 to 8 (lost 6 but gained 2), and 

the number of non-native species stayed the same (6 in both years, lost 3 but gained 3). 

 

The number of native species in Plot 4 increased from 12 to 19 (lost 2 but gained 9), and 

the number of non-native species increased from 3 to 9 (did not lose any but gained 6). The 

origins of the remaining two species in Plot 4 could not be determined because they were 

only identified as Salix spp. and Prunus spp. and were therefore excluded from this analysis. 

 

Overall, the species richness of native species increased from 18 to 22, but its proportion 

decreased from 69.2 to 62.9%. Meanwhile, the species richness of non-native species 

increased from 8 to 13, and its proportion increased from 30.8 to 37.1%. Two native species 

(Juglans cinera and Populus balsamifera) have disappeared from these plots, and six native 

species (Acer saccharinum, Carya ovata , Cornus spp., Hamamelis virginiana, Juglans nigra, 

and Quercus velutina) emerged. Three non-native species (Acer pseudoplatanus, Morus alba, 

and Salix fragilis) have disappeared, and eight non-native species (Catalpa speciosa, 

Fraxinus excelsior, Malus spp., Picea abies, Rhamnus spp., Ulmus glabra, and U. pumila) 

http://esp.cr.usgs.gov/data/little/
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have been introduced. 

 

In 1977, a total of 844 woody stems with DBH >= 3cm were recorded from the five plots. 

Among these stems, 769 were native to Toronto (91.1%) while 75 were non-native (8.9%) 

(Table 2).  

 

In 2015, a total of 899 woody stems with DBH >= 3cm were recorded from the three 

resurveyed plots. 583 (65%) of them were native to Toronto while 316 (35%) were 

non-native (Table 2). 11 stems (10 individuals of Prunus spp. and 1 individual of Salix spp. in 

Plot 4) were excluded from this calculation because their origins could not be determined. 

 

Since the breakdown between native and non-native woody stems by plot was not 

available, the proportion of native and non-native woody stems can only be compared 

between the total number of stems recorded in 1977 (five plots) and 2015 (three plots). Due 

to different sample sizes (five plots in 1977 and three plots in 2015) and the unknown status 

of the two plots that were not resurveyed, the validity of this comparison remains debatable. 

 

Table 2. Number of species that are native or non-native to Toronto in each plot in 1977 and 

2015 in the Park Drive Ravine, Toronto, Ontario. In the last two rows, minus sign (-) 

represents the number of species that were lost, and plus sign (+) represents the number of 

species that were newly introduced since 1977. The bottom row shows the proportion of 

native and non-native species in terms of species richness (i.e. number of different species 

found). Checklist of species found in each plot in 1977 was obtained from Table A3, Appendix 

A, The Rosedale Ravine Study 1977; origin of each species was determined according to the 

native ranges of 679 woody species across North America defined by the United States 

Geological Survey (USGS) (data resource available at http://esp.cr.usgs.gov/data/little/). 

Plot Aspect 

1977 
 

2015 

Native Non-native 
 

Native Non-native 

3 North-facing 14 3 
 

14 (-5+5) 4 (-1+2) 

5 North-facing 12 6 
 

8 (-6+2) 6 (-3+3) 

4 South-facing 13 2 
 

19 (-3+9) 9 (-0+7) 

Total 
 

18 8 
 

22 (-2+6) 13 (-3+8) 

  
70% 30% 

 
63% 37% 

 

 

http://esp.cr.usgs.gov/data/little/
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Discussion 

Among the three plots that were resurveyed in 2015, Plot 4 was located on the south-facing 

slope, and Plot 3 and 5 were located on the north-facing slope (Fig.4 and Table 1). Because of 

its aspect, Plot 4 receives more insolation than Plot 3 and 5. This can be one of the factors 

that had led to the substantial increase of absolute density and species richness in Plot 4 

(Table 1). 

 

 While conducting field work in 2015, it was noticed that Plot 4 was exposed to more 

human activities (i.e. construction and traffic) than Plot 3 and 5. Located in the city-owned 

Beaumont Park, Plot 4 is more accessible than the other two plots despite of its severely 

eroded slope. The top of Plot 4 is adjacent to Beaumont Road, a small road east to the Glen 

Road Viaduct. Ongoing construction (either by private property owners or the City) was seen 

on this road during every visit to Plot 4. Disturbance does not only come from the road and 

the trail, but also occurs within the ravine on the slope – some ash trees near Plot 4 were cut 

down probably as part of the City’s ash management plan (Park, Forestry and Recreation, 

2015). 

 

 On the other hand, the top of Plot 3 and 5 is adjacent to the backyards of properties on 

May Street, a small street within a residence area. Disturbance from these properties is 

expected to be weaker than those on Beaumont Road because heavy machines and large 

vehicles cannot access the backyards. 

 

 Over the past 38 years, there has been a net gain of both native and non-native species in 

terms of species richness. However, the relative contribution of most native species has 

decreased with little or no evidence of regeneration indicating a degraded ecological integrty. 

Ash species (Fraxinus spp. including F. americana, F. pennsylvanica, and F. nigra) and 

American beech (Fagus grandifolia) used to be two of the dominant native species in these 

three plots, but the sum of their %IV has decreased by 36, 73, and 45% by 2015. Their size 

class distributions showed lots of absent cohorts (Fig. 8). However, the relative contribution 

of non-native species, especially Norway maple (Acer platanoides), has increased with lots of 

natural regeneration (Fig. 8). Carleton and Taylor (1983) found similar results in the ravines 

in Toronto’s Highland Creek valley system. This situation reflected one of the typical 

challenges in the conservation of urban natural areas – native species are disproportionately 

displaced by widespread non-native species resulting in reducing uniqueness of local 

ecosystems (McKinney, 2002). With native species being lost, the ecosystem loses its 

ecological integrity and resilience (Noss, 1990). 

 

 Since ash and beech are currently being infested by Emerald ash borer and beech bark 
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disease, their populations will further decline. As the canopy loses these major contributors 

and other native tree species, Norway maple will fill in the gaps and severely degrade the 

ecological integrity both structurally and functionally. 

 

 

Conclusion 

The main objective of this study was to obtain estimates of ecological integrity in the Park 

Drive Ravine and to study its change over time. Ecological integrity has been an important 

concept in ecosystem management for decades. Although different systems define ecological 

integrity differently, the key component is always native species. 

 

 A comprehensive survey was conducted in this ravine in 1977. In 2015, the canopy of 

three of the plots was resurveyed. The results indicated a degraded ecological integrity. 

Native species are declining while non-native species (especially Norway maple) are 

becoming more dominant. The ecological integrity could be further degraded if the 

population of Norway maple is not controlled. 

 

 In order to restore the ecological integrity in this ravine, replicating and expanding the 

1977 Rosedale Ravines Study with modern technique are highly recommended. Invasive 

species such as Norway maple need to be controlled, and the regeneration of native species 

needs to be assisted. Mature stems of native species need to be protected in order to preserve 

the local gene pool of Toronto. Agreement and collaboration among various stakeholders are 

critical.  
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