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Abstract  

 Urbanization has resulted in the disturbance and loss of ecosystems around the globe. As 

this trend is unlikely to stop, it is essential for urban planning to adopt ecological concepts in 

order to increase the sustainability of urban centres. One of the first steps required for this to 

happen is the implementation of ecological monitoring within urban areas – this would allow a 

better understanding of the current ecological state of urban environments, from which future 

studies and management recommendations can be based on. The concept of ecological integrity, 

which aims to quantify the wholeness of an ecosystem’s structure, composition, and function, 

can be used as a guiding principle for such monitoring schemes. In this study, the ecological 

integrity of the urban ravine system in Toronto, Ontario is quantified using understory vegetation 

communities as an indicator group. Vegetation sampling sites were established in three ravines 

located in downtown Toronto, with plot selection based on a 1977 study of the same ravines. 

Each plot was then ranked as having low, medium, or high ecological integrity based on the 

proportion of native versus non-native ground cover in each plot. Additionally, two possible 

drivers of these patterns in ecological integrity were tested – the role of plot position along a 

slope, and the effect of non-native ground cover abundance. It was found that while invasive 

species dominated most plots, pockets of native vegetation were persisting within the ravines. 

Additionally, the majority of invasive ground cover appeared to be “leaking” down from 

residential areas at the tops of ravines, indicating the role of “garden escapes” as propagules for 

invasive establishment. Management recommendations include the implementation of citizen 

science programs to monitor the state of these vegetation communities, as well as using the 

information gathered to target their efforts. 
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Background 

Ecological Integrity 

 In ecology, it is widely known that urban ecosystems face high levels of disturbance and 

loss. Attempts to curb these trends are beginning to incorporate ecological concepts and 

strategies more frequently (Niemelä et al. 2011). The continued growth of applied ecological 

theory onto urban landscapes is of great importance to human well-being – the majority of 

projected global population growth over the next 20 years is expected to be centred around urban 

areas (Alberti 2010). Although urbanization is often interpreted as a long-term disturbance event 

that destroys and fragments natural habitat, it is unlikely that any policy or management will 

slow it down in the near future. As such, urbanization must be planned with long-term 

sustainability and ecological concepts in mind, in order to maintain the structural and functional 

characteristics of the natural ecosystems being replaced (Bryant 2006). One ecological metric 

that is currently being used to measure the “wholeness” of ecosystems across the globe is that of 

ecological integrity. 

 Ecological integrity is a metric that quantifies an ecosystem’s structure and function 

relative to the landscape’s known historical variation, while taking anthropogenic disturbance 

into account (Angermeier and Karr 1994). The term “ecological integrity” was initially 

popularized by Aldo Leopold in A Sand County Almanac (1949) where he states, “A thing is 

right when it tends to preserve the integrity, stability, and beauty of the biotic community. It is 

wrong when it tends otherwise.” Many scholars today have interpreted the “integrity” Leopold 

speaks of to refer to the maintenance of key ecosystem components that allow the persistence of 

the entire system, with the preservation of native species pools being a frequent example in his 

later works and essays (Simberloff 2012). However, today’s understanding and usage of 
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ecological integrity stems from an ecology-based policy framework, rather than the ethical 

framework Leopold conceived. 

This study uses the definition of ecological integrity presented by Karr and Dudley 

(1981) when first operationalizing ecological integrity as a policy directive: ecological integrity 

henceforth refers to the capability of supporting and maintaining a balanced, integrated, and 

adaptive community of organisms having a species composition, diversity, and functional 

organization comparable to that of the natural habitat of the region. As such, an ecosystem is 

considered to have integrity when its species pool and natural ecological processes are observed 

to be within these known natural ranges of variation and demonstrate high degrees of resilience – 

the ability to recover from disturbances both natural and human-induced (Parrish et al. 2003). 

The usage of ecological integrity as an indicator of an ecosystem’s condition is distinct from 

simply measuring overall biodiversity or species richness – ecological integrity emphasizes the 

preservation of natural processes that sustain an ecosystem as well as its biotic components. 

In recent years, the concept of ecological integrity has become formally adapted by 

organizations and municipalities as a central guiding principle in land and natural resource 

management. Ecological integrity has been used for some time now as a key principle by Parks 

Canada in its management practices (Woodley 2010), by the US National Parks Service in their 

Vital Signs program (Fancy et al. 2009), and has even found a place in international conservation 

guidelines through the United Nations (United Nations Millennium Ecosystem Summit 2000). In 

fact, ecological integrity has even been proposed as a grundnorm (fundamental principle) for 

international law, giving it similar status to concepts such as human rights or rule of law (Kim 

and Bosselman 2015). This is likely due to an increased understanding on the part of managers 
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and policy-makers of how crucial ecological monitoring is to infrastructure and human well-

being (Lovett et al. 2007). 

 Due to the large spatial scale involved when managing entire landscapes and ecosystems, 

it is impractical and often impossible to take measures of every possible ecological metric that 

relates to an ecosystem’s structure and function. As such, ecological integrity is often taken as a 

summary of ecological indicators that have been chosen specifically for the ecosystem being 

monitored (Tierney et al. 2009). Ideally, metrics should be selected on the basis of their 

sensitivity to significant stressors within the ecosystem in question, their ability to be measured 

and quantified, their ability to be modified by management actions, and the accuracy and 

predictability of their responses to being altered (Dale and Beyeler 2001). The chosen indicators 

should then be measured across several sites across the ecosystem that represent a gradient of 

stressor effects (DeKeyser et al. 2003). 

Monitoring Ecological Integrity in Urban Ecosystems 

 Within an urban forest ecosystem context, the notion of ecological integrity is faced with 

unique challenges. To establish a context for this study, the urban forest is broadly defined as not 

just the trees planted within urban centres, but rather to all the processes that influence both 

natural processes and the human residents within cities, such as species pools, carbon capture, 

soil quality, and so forth (de Groot et al 2002). Indicator selection can be difficult in urban 

centres due to the differentiated nature of the urban forest’s structure – the underlying processes 

in urban ecosystems exhibit a high degree of specificity towards the scales that they operate on, 

creating large amounts of heterogeneity within the urban environment (Dorney et al. 1984). One 

of the predominant lines of thought in the urban ecology literature regarding ecological integrity 

views the maintenance of ecological structure and function at natural levels as paramount to 
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maintaining healthy ecosystems, with native species proportion commonly used as its primary 

indicator metric (Ordóñez and Duinker 2012). This tends to involve management strategies that 

aim to fundamentally “rewild” urban ecosystems, with the goal of recreating pre-urbanization 

conditions of the managed landscape. 

 The use of native species as an indicator of ecological integrity has been justified for 

several reasons. Some of these points include how native species are the most efficient at 

utilizing the resources available in an area, how natives tend to control invasive species at high-

enough abundances, and how natives would theoretically have the most diverse gene pool 

available (McKinney 2002). Native species loss also tends to be directly correlated with 

anthropogenic disturbance, making its use as an indicator metric ideal along an urbanization 

gradient (Zeeman et al. 2017). Parks Canada, in their operational definition for ecological 

integrity, lists the composition and abundance of native species as a key metric for measuring 

ecosystem health (Parks Canada Agency 2000). As such, this can be seen as a precedent for the 

use of native species as an indicator metric for urban ecological integrity. 

 The city of Toronto represents one urban centre where such a monitoring method can be 

applied. It has an extensive system of green areas, with over 12% of its urban area covered by 

greenspace – 71% of which are classified as natural heritage lands (De Sousa 2003). A large 

portion of these sites are part of Toronto’s ravine system, an ecologically significant array of 

wetland and riparian zones that function as habitats and corridors for many native species who 

would otherwise not persist in an urban environment (Foster 2005). Monitoring the ecological 

integrity of these ravines would assist in the restoration of their structure and function, as well as 

the maintenance of ecosystem services these greenspaces provide to nearby residents. 
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Citizen Science and its Role in Ecological Monitoring 

 One of the key challenges faced by ecological monitoring programs today is a lack of 

professional ecologists to carry out necessary fieldwork. This has led to a large increase in the 

use of data collected by non-professionals, which has led to increased efficiency of data 

collection in ecology and conservation projects (Dickinson et al. 2015). However, it is important 

to keep in mind the increased chance for human error when incorporating laypeople into 

monitoring programs. While often highly-passionate, it would be unrealistic to expect citizen 

scientists to voluntarily sample harsh terrain and remote locations, leading to the potential for 

geographic sampling bias (Botts et al. 2010). Similarly, the voluntary nature of citizen science 

may lead to high participant turnover rate, leading to uneven data collection rates throughout the 

year (Dunn and Weston 2008). Additionally, certain species may be a challenge to identify in the 

field, even for trained biologists – these would likely be misidentified by volunteer citizens.  

When supplemented with coordination, communication, and data quality control from 

professional ecologists, citizen science initiatives related to data collection have proven to be 

accurate and effective means of bolstering conservation efforts worldwide (Spooner et al. 2015). 

These programs have been found to have consistent rates of bias and error when compared with 

data collected by professional scientists (Bird et al. 204). Even with limited training, citizen 

science monitoring data has been shown to be reliable so long as unambiguous standardized 

protocols are prepared by trained scientists (Fuccillo et al. 2015). 

Project Objectives 

 The primary goal of this project is to quantify the ecological integrity of the Toronto 

ravine system, using the proportion of native understory vegetation species versus non-native 
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species as an indicator of integrity. Understory vegetation was selected as the indicator target due 

to successful prior use in forestry as an accurate proxy measure of overall forest health in the 

face of anthropogenic disturbance (Gachet et al. 2007). The potential for citizen science as a tool 

for ecological monitoring in the ravines was also taken into account. 

Additionally, potential drivers of trends in ecological integrity were also analyzed – the 

two that this study looked at were plot position along the ravine slopes and proportion of non-

native cover per plot. With regards to plot position on the ravines, it was hypothesized that 

vegetation communities on the tops and bottoms of ravine slopes would have more invasive 

ground cover, due to proximity to increased propagule pressure from residential areas and 

waterways. With regards to proportion of non-native cover per plot, it was hypothesized that a 

negative correlation exists between proportion of non-native ground cover to native ground 

cover, due to competitive exclusion and lack of predators for non-native species. 

Methods 

Study Site Selection 

 The entire project was initially based on an unpublished 1977 study on the Rosedale 

ravine system done by P. H. Scrivener and R. D. Taylor, which aimed to create a database of 

ravine flora and fauna that was to be updated periodically. Due to updates in methodology 

concerning sampling protocol, only their site selection was kept for this study. Six sites were 

selected in Park Drive ravine, four in Rosedale ravine, and one in Burke Brook ravine (fig. 1). 

An additional ravine in Moore Park was selected for bird monitoring and mammal sampling, but 

no vegetation sampling was done there. Each site was then divided into varied amounts of 10m x 

10m square plots, arranged into five columns. The number of rows per site was based on 
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practicality – where possible, the sample sites traversed the entire ravine slope, stopping where 

private property boundaries began. 

Understory Vegetation Sampling 

 Field sampling of understory vegetation was done in teams of two to control for observer 

bias and error. Sampling was done one 10m x 10m plot at a time, starting with one observer on 

each upper corner of the plot and looking down the slope. Observers then walked through the 

plot in a systemic manner, recording the species and percent ground cover of all vascular non-

woody plants encountered. Plant identification in the field was done with the aid of the field 

guide “Plants of Southern Ontario” by Richard Dickinson and France Royer. Any plants that 

could not be identified in the field were photographed and later identified using online sources 

and the National Audubon Society Field Guide to North American Wildflowers. 

  Rather than taking exact measurements of percent ground cover for each species 

encountered, binned estimates of cover were used. This was done to reflect a simpler, more 

feasible approach for future citizen science initiatives aiming to monitor these vegetation 

communities. The categories corresponded to less than 1% for trace cover, 1-10% for low cover, 

11-50% for medium cover, and 51-100% for high cover. More weight was assigned to medium 

and high percent ground cover to reflect the importance of managing for highly-abundant 

invasive species, which are quite prominent in the ravine systems. 

 Each 10m x 10m plot was then assigned a score of low, medium, or high ecological 

integrity based on the ratio of native to non-native ground cover, where low corresponded to less 

than 60% native cover, medium to 60-99% native cover, and high to 100% native cover. As 

ecological integrity measures an ecosystem’s deviation from its “natural” condition, an 
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ecosystem with high integrity should have no non-native species. Since ground cover data was 

collected as categories rather than exact measures, proportion was calculated by assigning 

number values to each category, then summing the score for native and non-native cover per 

plot. 

Drivers of Ecological Integrity 

 To analyze the effects of slope position on a plot’s ecological integrity, each plot was 

assigned to a position category of bottom, low slope, high slope, and top. The bottom category 

represents plots which were located at the base of each ravine on flat ground. Similarly, the top 

category represents plots located at the top of each ravine on flat ground. The low slope and high 

slope categories represent the bottom half and top half of the slopes themselves. The mean 

proportion of non-native ground cover per position category was calculated, and a one-way 

ANOVA was run for statistical analysis. 

 To analyze the effects of non-native ground cover on native ground cover, a correlation 

analysis was run to generate Pearson’s correlation coefficient. The proportion of non-native 

ground cover was measured against the native ground cover score rather than the proportion of 

native cover, as this would have yielded a straight line (e.g. all plots with 60% non-native cover 

would by definition have 40% native cover). 

Results 

Ecological Integrity of Understory Vegetation  

Based on this study, it appears that the understory vegetation communities of the Toronto 

ravine systems are currently at low levels of ecological integrity. Figs. 2-5 display each 

individual ravine site divided into their 10m x 10m sampling plots, all ranked based on 
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ecological integrity. 24 10m x 10m plots (7% of all plots) were ranked as having high ecological 

integrity, 102 plots (30%) were ranked at medium, and 214 plots (63%) were ranked at low. 

These findings are summarized in fig. 6. A full list of species found, along with data on how 

many plots they appeared at each abundance category, can be found at table 1. 

Effects of Plot Position on Ecological Integrity 

 The one-way ANOVA found that understory vegetation communities at the tops of ravine 

slopes had significantly higher proportions of non-native ground cover, returning a p-value of 

0.0162 (p < 0.05) with a sample size of n = 327. The three other categories each had similar 

proportions of native to non-native ground cover. These results are displayed in fig. 7. 

Effects of Non-Native Cover on Native Vegetation 

 The correlation analysis returned a Pearson’s correlation coefficient of -0.375 (p < 0.05) 

with a sample size of n = 327. This can be interpreted to mean a strong negative correlation 

between non-native and native ground cover. Results are displayed in fig. 8. 

Discussion 

The Ecological Integrity of Understory Vegetation 

 Under Karr and Dudley’s 1981 definition of ecological integrity, restoring the ravines’ 

ecological integrity with regards to herbaceous vegetation would require both the reintroduction 

of native plants and the removal of non-natives. Additionally, invasive re-establishment would 

have to be accounted for in the long-term. While one may be quick to jump to the conclusion that 

the ravine vegetation communities have been disturbed beyond recovery, the presence of a few 

10m x 10m plots with 100% native cover, some with species of regional conservation concern, 
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indicate potential value for at least a partial restoration of native plant communities. Currently, 

ecological literature appears to be lacking quantitative studies on urban ravine dynamics with 

regards to native restoration. However, a substantial amount of restoration ecology literature 

exists which focuses separately on urban vegetation communities and on ravine ecology.  

 Looking at restoration of native urban vegetation, one finds that the benefits to this are 

well-documented. Urban forests with higher rates of native biodiversity tend to be more resilient 

to disturbance – that is, they have a higher capacity to resist damage and recover from 

disturbance events (Folke et al. 2004). A healthy urban forest also tends to provide more 

ecosystem services – tangible goods and services beneficial to humans – than an unhealthy one 

(Almas and Conway 2016). Unfortunately, urban forests tend to be small, fragmented, and 

subject to strong edge effects, resulting in increased propagule pressure from invasive species 

(Overdyck and Clarkson 2012). Additionally, international hubs such as Toronto have increased 

propagule pressure from invasives that spans longer distances – this is due to human transport 

carrying species from one location to another on a daily basis (Hulme 2009). 

Regarding ravines, they and similar waterways have considerable effect on erosion 

control (Naiman and Décamps 1990), nutrient cycling (Naiman et al. 1993), and act as refugia 

and corridors for various taxonomic groups (Tickner et al. 2001). Unfortunately, the riparian 

nature of ravines leads to a suite of challenges for native restoration and invasive species control; 

these challenges include high habitat heterogeneity (Nilsson et al. 1989), propagule dispersion 

along waterways (Jansson et al. 2005), and edge effects arising from the linear shape of ravines 

(Cummings 2002). When taking these ravine-based issues into consideration alongside the issues 

brought about by the urban environment, combatting that future re-establishment of invasives 

post-removal will likely be a much greater challenge than the actual removal of the plants. While 
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the manual removal of invasive plants continues, further research should focus on ways to 

minimize the re-establishment potential of invasive species once removed. This will likely 

involve identifying and quickly removing propagules where possible. 

 In order to restore ecological integrity across the entire landscape, herbaceous vegetation 

cannot be considered in isolation from the other taxonomic groups within the ravines. In fact, 

taking a holistic ecosystem-based approach may be the most efficient way of achieving this goal 

– studies have shown that both cover and species richness of invasive understory plants is 

negatively correlated with increased canopy cover (Holl and Crone 2004). Working towards 

improving understory vegetation ecological integrity will feed back towards the well-being of the 

tree community as well – having an understory layer composed largely of native species will 

likely facilitate the establishment of native tree saplings (Kueffer et al. 2010). Additionally, the 

overall long-term success of native community restoration in forests is often evaluated based on 

the success of long-lived shade-tolerant trees – these indicate that natural forest dynamics are 

occurring continuously with no need for further management actions (Bertacchi et al. 2016). As 

such, the monitoring of other taxonomic groups, particularly trees and woody shrubs, should be 

considered alongside understory vegetation. 

 Having quantified data on the ravine system’s ecological integrity will allow for better 

policies and management actions to be implemented throughout the landscape. This initial 

monitoring effort has highlighted the poor state that these vegetation communities are currently 

in, based on the establishment and propagation of invasive species that have overtaken native 

ground cover in the majority of this study’s sampling plots. This data can be brought forward to 

city council to justify investment towards ravine health, which is of particular importance today 

given the current development of Toronto’s ravine strategy plan. In particular, this study’s 
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findings can be used as a call to adopting an ecological integrity focus towards maintaining the 

ravines rather than simple estimates of canopy cover – this will ensure that green space is 

developed with long-term sustainability in mind. 

Drivers of Ecological Integrity 

 Results surrounding the effect of both drivers tested falls somewhat in line with the 

established literature. With regards to the effect of plot position along a ravine slope on 

herbaceous plant integrity, the results were unsurprising. It has already been found that garden 

waste acts as a significant propagule source for plant establishment (Rusterholz et al. 2012). As 

residences in the ravine system are located uphill, it made sense that there were higher 

proportions of non-native ground cover at the crests of the ravines. This is further supported by 

the specific plant species being found near the tops of the ravines – English ivy (hedera helix), 

common periwinkle (Vinca minor), and lily of the valley (Convallaria majalis), all of which are 

common garden plants, were quite prominent in these areas. 

 What was surprising, however, was that plots at the bottom of the ravines along streams 

and waterways had significantly lower proportions of non-native ground cover than the tops, 

especially when considering the increased propagule pressure that riparian zones tend to have 

(Jansson et al. 2005). This may be due to the fact that while there were indeed high amounts of 

invasive ground cover in these areas, particularly Japanese knotweed (Fallopia japonica), these 

areas were also highly species rich with regards to native plants, albeit while having low levels 

of ground cover. An understanding of these relationships will allow management efforts to be 

done in a targeted manner, rather than through a broad approach. As it has been observed that 

plots at the tops of ravines have more non-native ground cover, invasive species removal can be 

focused onto these areas, as well as near any residential areas adjacent to the ravines. 
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 With regards to the effects of non-native ground cover on native ground cover, results 

were not surprising in the direction they went, but rather in the strength of the observed 

correlation. The competitive advantage experienced by invasive species is already well-

documented in the literature. According to the enemy release hypothesis, invasive species fare 

well due to the lack of natural predators in novel environments that co-evolved with them (Keane 

and Crawley 2002). Invasive species also tend to have functional traits that resulted in generalist 

propagation strategies such as fast growth, rapid reproduction, high rates of dispersion, 

phenotypic plasticity, and ecological competence (Kolar and Lodge 2001). As such, it was 

expected that a negative correlation existed between proportion of non-native ground cover and 

native ground cover. This negative correlation was found to be quite strong – although the 

observed value was -0.375, this can be argued to be relatively high due to the coarse estimates of 

cover and coarse spatial resolution of the data collected. Further sampling efforts should avoid 

such broad categories and use numerical estimates of cover instead. 

The Application of Citizen Science 

 This project also aimed to serve as a proof-of-concept study highlighting how citizen 

science initiatives towards ecological monitoring are feasible strategies for long-term data 

collection. This study’s methods were designed for simplicity of use by laypeople, and appear to 

have been sufficient enough to yield accurate data on the state of the ravines. A citizen science 

monitoring program could possibly be developed for the ravines, with training focused on 

recognizing the most abundant invasive species and ecologically-significant native species. With 

such a program in place, enough long-term data can be collected for further restoration initiatives 

to be undertaken. 
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 Citizen-based initiatives can also be used for the planting and re-establishment of native 

plant communities where appropriate. These efforts will likely have to wait until after invasive 

species have been removed, in order to avoid wasting investment if the invasive species manage 

to outcompete the native plantings. Additionally, further studies should be done on 

understanding the limiting factors towards native restoration specific to the Toronto ravine 

system. Steinfeld et al. (2007) identified nine categories of limiting factors that tend to hinder 

plant establishment – of these, surface stability, slope stability, weeds, pests, and human 

interference all likely play a role in the ravines. An understanding of the dynamics that prevent 

plant establishment will enable planting efforts to be targeted towards areas with the most chance 

of success and plant persistence, rather than taking a broad approach and wasting resources. 

 Even if these citizen-based efforts end up initially yielding fairly low-quality results, the 

promotion of stewardship within communities is still a goal in of itself. It has been shown that 

participating in environmental workshops, lectures, and seminars aimed towards laypeople can 

boost scientific literacy, as well as increase the chances of engaging in further conservation work 

(Crall et al. 2012). Areas with stronger senses of stewardship and community involvement in 

conservation efforts have also been found to be more receptive towards governments and 

conservation authorities implementing new environmental policies and protections (Hall and 

Pretty 2008). As such, any citizen-based conservation efforts in the ravines should also take into 

consideration increased awareness and resident participation when evaluating the success of their 

work. 

Areas for Improvement 

 This study represents a first attempt at quantifying the ecological integrity of vegetation 

communities within this ravine system. With that in mind, further refinement of the methods and 
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protocol should be considered before attempting to replicate this study. One of the main 

challenges faced during the sampling period for this study was time, particularly when 

considering how ephemeral some understory vegetation species are. Further monitoring of ravine 

vegetation should be performed by a dedicated team the entire sampling season, rather than one 

team attempting to quantify the ecological integrity of several taxonomic groups all at once.  

Additionally, non-native species and invasive species should be differentiated when 

calculating ecological integrity – not all non-native species spread to outcompete native 

biodiversity when left to persist (Davis 2009). In fact, many non-native non-invasive plants have 

been found to generate ecosystem services where native species can no longer thrive (Ewel et al. 

1999), and have even been found to facilitate conservation goals at the ecosystem level (Gozlan 

2008). The use of non-native non-invasive plants may be necessary to preserve any level of 

forest cover at all in light of anthropogenic climate change – if a business as usual approach 

continues, many ecosystems will no longer be able to support most species currently considered 

native to them (Kiesel 2014). 

One final issue was that the exact thresholds for ranking plots as having low, medium, or 

high ecological integrity were somewhat arbitrary, based more on the ease of use for potential 

citizen volunteers rather than solid ecological concepts. This is particularly true when looking at 

the threshold of 60% native ground cover proportion that separates medium and low ecological 

integrity. Additionally, while high ecological integrity can be agreed upon to require a complete 

native species pool, points from the previous paragraph can be used to argue that high integrity 

can still be achieved with the presence of non-invasive non-native species. 
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Conclusion 

 While this study found that the herbaceous plant communities in Toronto’s ravine 

systems are indeed quite disturbed, there are still opportunities to restore their ecological 

integrity for the benefit of the city’s residents. However, achieving these goals will require 

significant amounts of planning and field work. The management recommendations from the 

discussion are summarized below: 

• The establishment of citizen-based monitoring initiatives for both woody and herbaceous 

plants in Toronto’s ravine system; 

• The adoption of ecological integrity as a guiding principle for urban forest management 

within the ravines; 

• The use of a targeted approach for invasive removal and native plantings based on 

highest potentials of success, rather than spreading resources thin across the entire 

landscape; 

•  The differentiating between invasive and non-invasive non-native plants, in order to 

derive benefits from them instead of excluding them based solely on native status. 

 Unfortunately, the above recommendations will likely be treating the symptoms rather 

than the causes of native species loss and invasive establishment. Further studies that would 

benefit the restoration of ravine ecological integrity include: 

• Exploring the drivers of invasive species re-establishment following their removal; 

• Looking at the rate of spread of known invasives already established in the ravines, in 

order to be able to prioritize which ones require immediate removal; 
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• Further examining the ecological dynamics specific to Toronto’s urban ravine system, in 

order to create scientifically-sound thresholds for defining the state of its ecological 

integrity. 

 This study has been done at an opportune time for the ravines – the City of Toronto’s 

own Ravine Strategy is nearing completion, and should be guided by informed policy-makers 

and ecological concepts. Additionally, residents living in various neighbourhoods around the 

ravines have already expressed significant interest in assisting in ravine revitalization – this 

entire study was largely funded by residents. As such, it can be concluded that while the ravines 

are currently in a relatively poor ecological state, the opportunities to restore their integrity are 

now visible. When combined with a passionate and large amount of citizens willing to put in 

work, guided by professional ecologists and biologists, the ability to improve their current 

condition is quite high. 
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Tables and Figures 

Table 1: Complete list of all 61 species found in the study plots. Each species is listed by both its 

common and scientific names. The TRCA rank column refers to each species conservation concern status 
as described by the Toronto and Region Conservation Authority – rank 4 species are “of conservation 

concern in urban areas”, rank 5 species are “of no conservation concern at this time”, and species with a + 

sign are considered to be non-native. The final 5 columns indicate how many times each species was 

found to be at each level of ground cover, as well as the total number of plots each species occurred in. 

Species - 

Common Name 

Species - 

Scientific Name 

TRCA 

Rank Trace Low Medium High Total 

Wild Leek Allium tricoccum 4 42 6 0 0 48 

Hispid Buttercup 

Ranunculus 

hispidus 4 5 11 0 0 16 

Wild Geranium 
Geranium 
maculatum 4 3 1 0 0 4 

False Nettle 

Boehmeria 

cylindrica 4 0 1 1 0 2 

Marsh Marigold Caltha palustris 4 0 2 0 0 2 

White Trillium 

Trillium 

grandiflorum 4 2 0 0 0 2 

Common 
Arrowhead 

Sagittaria 
latifolia 4 1 0 0 0 1 

Marsh Blue Violet Viola cucullata 4 1 0 0 0 1 

Zigzag Goldenrod 
Solidago 
flexicaulis 5 30 137 14 2 183 

Canada Goldenrod 

Solidago 

canadensis 5 56 73 2 0 131 

Spotted Touch-
Me-Not 

Impatiens 
capensis 5 20 54 6 6 86 

Yellow Avens Geum aleppicum 5 20 61 0 0 81 

Enchanter's 

Nightshade Circaea lutetiana 5 22 39 3 0 64 

White Avens Geum canadense 5 49 12 2 0 63 

Jack in the Pulpit 

Arisaema 

triphyllum 5 17 33 3 0 53 

Virginia Creeper 

Parthenocissus 

quinquefolia 5 16 33 1 1 51 

Wild Red 

Raspberry Rubus idaeus 5 7 16 0 0 23 

Poison Ivy 

Toxicodendron 

radicans 5 6 14 1 1 22 

Purple Flowering 

Raspberry Rubus odoratus 5 11 9 0 0 20 

Yellow Sorrel Oxalis acetosella 5 9 11 0 0 20 

False Solomon's 

Seal 

Maianthemum 

racemosum 5 9 9 1 0 19 

Virginia Waterleaf 

Hydrophyllum 

virginianum 5 2 15 1 0 18 
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Canada Anemone 
Anemone 
canadensis 5 5 2 0 0 7 

Mayapple 

Podophyllum 

peltatum 5 1 2 0 0 3 

Heart-Leaved 
Aster 

Symphyotrichum 
cordifolium 5 2 0 0 0 2 

Virgin's Bower 

Clematis 

virginiana 5 1 1 0 0 2 

Yellow Trout Lily 
Erythronium 
americanum 5 0 2 0 0 2 

Canada Elderberry Sambucus nigra 5 0 1 0 0 1 

Canada Nettle 

Laportea 

canadensis 5 0 1 0 0 1 

Red Elderberry 

Sambucus 

racemosa 5 0 1 0 0 1 

Wild Strawberry 

Fragaria 

virginiana 5 1 0 0 0 1 

Garlic Mustard Alliaria petiolata + 54 137 23 39 253 

Common 

Dandelion 

Taraxacum 

officinale + 53 35 0 0 88 

Nipplewort 

Lapsana 

communis + 20 28 0 0 48 

Stinging Nettle Urtica dioica + 8 35 0 0 43 

English Ivy Hedera helix + 0 11 4 23 38 

Goutweed 

Aegopodium 

podagraria + 1 19 8 6 34 

Japanese 
Knotweed Fallopia japonica + 1 15 6 7 29 

Siberian Scilla Scilla siberica + 6 17 2 1 26 

Crown Vetch Securigera varia + 12 12 0 0 24 

Ground Ivy 

Glechoma 

hederacea + 8 16 0 0 24 

Common Burdock Arctium minus + 16 7 0 0 23 

Wild Carrot Daucus carota + 11 11 0 0 22 

Common Plantain Plantago major + 0 15 0 0 15 

Dog Strangling 

Vine 

Cynanchum 

rossicum + 5 8 1 0 14 

Greater Celandine 

Chelidonium 

majus + 4 8 2 0 14 

Common 

Periwinkle Vinca minor + 1 7 4 1 13 

European 

Gooseberry Ribes uva-crispa + 2 5 3 0 10 

Wood Avens Geum urbanum + 2 8 0 0 10 

Wild Chervil 

Anthriscus 

sylvestris + 2 4 0 2 8 

Lily of the Valley 

Convallaria 

majalis + 3 2 2 0 7 
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Chicory 
Cichorium 
intybus + 3 1 0 0 4 

Coltsfoot Tussilago farfara + 1 3 0 0 4 

Halberd-Leaved 

Tearthumb Atriplex patula + 1 2 0 0 3 

Redcurrant Ribes rubrum + 2 1 0 0 3 

Bittersweet 

Nightshade 

Solanum 

dulcamara + 1 1 0 0 2 

Bull Thistle Cirsium vulgare + 0 2 0 0 2 

Black Medick 

Medicago 

lupulina + 0 1 0 0 1 

Canada Thistle Cirsium arvense + 0 1 0 0 1 

Sweet Woodruff Galium odoratum + 0 1 0 0 1 

Virginia Bluebells 
Mertensia 
virginica + 1 0 0 0 1 
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Figure 2: Map with all study ravines highlighted. Note that no understory 

vegetation monitoring was done in site 2 (Moore Park) as it was not done 

there in the initial 1977 study. 
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Figure 3: Map of Park Drive ravine with all six study sites displayed. Each site is divided into 10m x 

10m sampling plots, which have been colour-coded based on ecological integrity – red is low integrity, 

yellow is medium, and green is high. Low integrity corresponds to sites with less than 60% native ground 
cover. Medium corresponds to sites with native ground cover between 60-99%. High integrity 

corresponds to plots with 100% native species cover. Empty plots were classified as medium integrity due 

to the potential to be colonized by either native or invasive species. Note that two sites are not completely 

colour-coded – the unfilled plots were located on private property, which was not the case in the 1977 

study. 
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Figure 4: Map of the west side of Rosedale ravine with its two study sites displayed. Each site is divided 

into 10m x 10m sampling plots, which have been colour-coded based on ecological integrity – red is low 

integrity, yellow is medium, and green is high. Low integrity corresponds to sites with less than 60% 

native ground cover. Medium corresponds to sites with native ground cover between 60-99%. High 
integrity corresponds to plots with 100% native species cover. Empty plots were classified as medium 

integrity due to the potential to be colonized by either native or invasive species. Note that both sites are 

not completely colour-coded – the unfilled plots were located either on private property or on a busy 

paved road, which was not the case in the 1977 study. 
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Figure 5: Map of the east side of Rosedale ravine with its two study sites displayed. Each site is divided 

into 10m x 10m sampling plots, which have been colour-coded based on ecological integrity – red is low 
integrity, yellow is medium, and green is high. Low integrity corresponds to sites with less than 60% 

native ground cover. Medium corresponds to sites with native ground cover between 60-99%. High 

integrity corresponds to plots with 100% native species cover. Empty plots were classified as medium 

integrity due to the potential to be colonized by either native or invasive species. 
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Figure 6: Map of Burke Brook ravine with its study site displayed. Each site is divided into 10m x 10m 
sampling plots, which have been colour-coded based on ecological integrity – red is low integrity, yellow 

is medium, and green is high. Low integrity corresponds to sites with less than 60% native ground cover. 

Medium corresponds to sites with native ground cover between 60-99%. High integrity corresponds to 

plots with 100% native species cover. Empty plots were classified as medium integrity due to the 

potential to be colonized by either native or invasive species. 
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Figure 6: Pie chart outlining the distribution of plots across the ecological integrity rankings of low, 
medium, and high. Sample size was equal to n = 340. Low corresponds to less than 60% native ground 

cover, medium to between 60-99% native ground cover, and high to 100% native ground cover.  
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Figure 7: Bar graph displaying mean % non-native ground cover for each plot position along the ravine 

slopes. The bottom category corresponds to plots located at the bottom of slopes, where the ground is 

relatively flat. Similarly, the top category corresponds to plots at the tops of ravines where the slope 
flattens out. The low and high slope categories represent the bottom and top halves of the actual sloped 

ground. A one-way ANOVA found that plots at the top of the ravines had significantly higher proportions 

of non-native ground cover – this is likely due to increased propagule pressure from garden escapes 
coming from residential areas. Surprisingly, the bottoms of slopes had non-native cover proportions 

comparable to low and high slope plots – while there were indeed high levels of non-native cover around 

waterways, these bottom slopes also housed plenty of native species, albeit at low ground cover. 
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Figure 8: Scatterplot displaying proportion of non-native ground cover plotted against native ground 

cover. As ground cover was collected as categories (trace, low, medium, high) rather than as numerical 
estimates, proportion was calculated by assigning each category a score from 1 to 4 (trace to high) and 

looking at the ratio of native to non-native ground cover this way. For this graph, native cover is 

represented as the total score per plot rather than as proportion – if both native and non-native cover was 

taken as proportion, this would have yielded a straight line (e.g. all plots with 60% non-native cover 
would by nature have 40% native cover). A correlation analysis yielded a Spearman’s correlation 

coefficient of -0.375, which is a fairly high correlation strength given the coarse categories and spatial 

resolution of the data collected. 
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