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1.0 Executive Summary 

 
Since 2002, the Toronto and Region Conservation Authority (TRCA) Terrestrial 

Volunteer Monitoring Program (TVMP) has collected native indicator species presence 
data at a set of 56 fixed monitoring sites located in natural areas throughout the 

Toronto region (Figures 1 and 2).  

 

Volunteers are trained and work in pairs to conduct the biological surveys, visiting 

assigned sites 10 times each year, with each survey's effort focused on the detection of 

specific indicators. The species monitored include mammals, birds, amphibians, plants 

and lichens. The fifty species selected as indicators represent a range of ecological 

needs and sensitivities, as well as the major habitat types in the region.   
 

This 10-year report is the third in a series of technical documents that summarize and 

discuss findings and relate the results to complementary TRCA projects such as the 

Species of Conservation Concern scoring and ranking system, the Landscape Analysis 

Model output and the Terrestrial Natural Heritage System Strategy implementation. It 

interprets results to provide information for internal and external requirements, 

including those of conservation land and watershed management, partner 

municipalities, other agencies and organizations, TVMP volunteers, landowners and 
others. 

 

Records for the species found on each site were used to calculate native indicator 

species richness scores by site, for the full complement of indicators. In addition, 

selected subgroups, including fauna, birds, amphibians, regional Species of 

Conservation Concern, forest species and wetland species were scored in a similar 

fashion. The mean (average) score values for sites across the region as a whole and 
within each of the land use zones and watersheds were compared.   

 

Species richness scores for the total indicator group and the selected subgroups are 

all reported on a 0 - 100 scale. A score of 100 would occur if all of the affected 

indicators were present on the site in the period under analysis, not an expected 

situation.  A mean score of 100 for the region, a land use zone, a watershed, or a time 

period could only occur where all affected sites recorded all of the indicators.  This is 

an extremely unlikely scenario, not expected even in a totally natural "pristine" 
ecosystem due to natural variability across space and time.  Since the native species 

selected as indicators were once common and well distributed in the region, a site 

score of 0, reflecting the absence of all indicators, or a mean score at, or approaching 

0 would likewise be unexpected, and if recorded, would certainly be a cause for alarm. 

 

It is not possible to state what specific SR score, mean value, or range of values reflects 

a pristine condition, since such a condition does not exist in the region. The scores are, 
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however, highly useful in a relative sense. They provide an objective and practical 

method for comparing sites, land use zones, watersheds, or time periods. The best 

score achieved by any site could be considered a benchmark to work towards when 

considering enhancement of habitat for species on other lands in the region.  The best 
site's score cannot be considered a maximum however.  Direct observation of impacts 

on that site might reveal management actions that could be applied to better its 

richness score over time.   

 

The region as a whole achieved a mean total SR score of 30 for the 10-year period, just 

one half of the 61 recorded by the highest scoring site, while the lowest score recorded 

was 9.  It is important to recognize that a lower score reflects not merely a reduced 

average abundance of native fauna and flora, something we might intuitively expect in 
the patches of natural habitat that remain in an urbanizing region, but rather the 

absence of a number of the native species that were previously common and well 

distributed, from a number of natural cover areas. Species diversity has declined to a 

significantly greater degree in the urban zone, which recorded a mean score of 23 

versus the rural zone at 35.  The difference between these two zones was even greater 

when viewed on the basis of the fauna group, the amphibians and the regional Species 

of Conservation Concern (SOCC). These groups were confirmed as key groups to 

track, since their lower scores reflect their sensitivity to urban impact.  The SOCC group 
scored 0 on one site, while the amphibian SR score was 0 on multiple sites, including 

sites with abundant wetland area, a cause for alarm. 

 

Sufficient data has been collected under the program so that it was possible, for the 

first time, to make comparisons among watersheds, and at least for the larger 

watersheds, to test the statistical significance of differences. The analysis also explored 

the watershed landscape characteristics that best explained differences in species 

richness scores. The proportion of urban land use in the watershed was the strongest 
predictor of species richness, with richness declining as the proportion urban 

increased. While species richness increased with the proportion of the watershed that 

was natural cover (habitat), this relationship was not as strong, or as significant. This 

suggests that the impact of urban areas on nearby natural areas reduces their positive 

influence on biodiversity, which emphasizes the importance of continuing efforts to 

avoid, mitigate, or minimize such impacts to the degree possible. 

 

The 10 year dataset also allowed for the first investigation of change over time with 
respect to biodiversity in the natural cover in the region.  No statistically significant 

trend was evident within the decade.  However, the lack of an established trend does 

not mean that no change has occurred during this time period.  The degree of change 

may be small enough that it is not recognized at the resolution of the data collected 

under the program. If that is the case, either a greater change, or observation over a 

longer time period may allow us to detect a trend or difference. Alternatively, it is 
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possible that the previous level of decline in biodiversity that resulted in the currently 

observed lower biodiversity in the urban versus the rural land use zones has slowed.   

 

Urban planning enhancements in recent years that focus on preserving natural cover, 
even as development occurs nearby, aim to minimize biodiversity loss. The reduced 

richness in the urban zone reflects limited success, especially with respect to species 

of concern. Specific known and hypothesized impacts that nearby urban areas exert on 

natural habitats have been identified, are discussed in section 5.0 of this report, and are 

summarized in appendix D. An understanding of these impacts can inform further work 

to mitigate or minimize them. Doing so will support progress beyond preserving some 

quantity of habitat, toward enhancing the quality of what is preserved. The species 

richness scoring method presented here provides a quantitative measure, an index of 
biodiversity, that can be used to estimate relative quality.  

 

The TVM indicator SR score and the various component guild SR scores are thus 

useful, information rich indices for the condition of the terrestrial natural cover in the 

Toronto region. The recommended indices for monitoring are the indicator fauna SR 

score, and/or the SOCC SR score. Together they provide a strong indication of habitat 

quality for both plants and animals. The values for the indices presented herein are 

valuable reference points for comparison and may be used as benchmarks to surpass 
by those undertaking efforts to improve habitat quality and species biodiversity on 

natural lands under management. While the specific species richness scores apply, 

and can be directly compared, only where the protocols of the TVM monitoring 

program are used, the method can also be adapted for use with modified protocols.  

 

Restoration work is directed towards increasing habitat area, adding habitat diversity, 

removing invasive species, and managing/reducing human activity. It is critical to 

determine the degree of success of that work. Success may be evaluated on the basis 
of increasing species diversity and increasing representation by SOCC. The TVM 

program monitors at the regional, urbanization zone, and the larger watershed scales. 

At a smaller scale, SR scores can be compared to established results for the larger 

scale to estimate relative biodiversity/ecosystem condition, and also tracked over time 

to measure progress toward a conservation goal. For sites or projects that contain 

forest or wetland habitat alone, the corresponding habitat SR scores summarized in 

table 9 will be more useful reference values.  

 
The analysis investigated the potential influence of key landscape characteristics on the 

species richness scores achieved by the TVM sites.  The area of natural cover within 

proximity to the site, and the area of wetland were both related in a positive way with 

species richness, while SR scores declined as road density (km of road within 2 km) 

increased. When combined, the proportion of the land within 500 metres of the site that 

was natural, along with the area of wetland within 2 km. of the site, and road density  

explained a large percentage, but not all, of the variation in species richness. This 
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supports the importance of maintaining a system of connected natural cover of 

significant size, as well as preserving and protecting the quality of wetlands, in order to 

maximize ecosystem health and species diversity. While minimizing road density may 

not be practical in urban zones, measures to reduce the impact of roads on adjacent 
habitat are, particularly when such measures are a part of the planning process. The 

Ontario Road Ecology Group (OREG 2013) is one resource for information on this. To 

date, the group's focus has been primarily directed towards research and methods that 

reduce direct road mortality, a focus that may widen as participation in the group 

expands. 

 

The ways in which natural cover/natural habitats are used by the human population, 

particularly in or near urban areas is also a consideration.  Our very coarse measure of 
public use was a "yes" or "no" categorization with respect to whether public access was 

permitted on a site.  We had no measure for the number of human visits to a site, nor 

the types or intensities of activities that occurred there. A difference in species richness 

was nevertheless apparent between the group of sites with public access versus those 

without.  It did not reach the 95% threshold for statistical significance that we used in 

our tests, but was close, with a 91% probability that the observed difference in SOCC 

richness was a real one, and not due to chance. Since the aim in preserving a system 

of natural land in an urbanizing region is to support biodiversity, then protecting it as 
natural habitat and not merely recreation land is important, as is an understanding that 

recreation and other human use of natural habitats will always have some impact with 

respect to other species.  Planning that takes this into account is recommended. 

 

Section 5.0 also discusses the serious issue of road salt as an environmental toxin 

when it is carried beyond targeted application areas into streams and wetlands. It is 

highly suspect as causative for the low species richness scores for the amphibian 

group, since we expect that many urban wetlands are as exposed to it's effects as our 
rivers are (Wallace et al. 2013).  An expanded focus on the enhancement of methods to 

minimize winter salt application, to contain it within intended use areas, and to 

recapture the excess following application and before it can enter natural systems with 

snow melt, is recommended. 

 

When initiated in 2001, the TVMP took a unique approach to the long-term monitoring 

of ecosystem condition in the TRCA jurisdiction. In addition to its cost effectiveness for 

the monitoring program, engaging volunteers was seen to offer advantages to citizens, 
especially students of ecology, by providing career-building field experience and 

knowledge. The protocols were designed with forethought to enhance the value of 

volunteer-collected data. The results from the first decade validate the study design, 

while highly positive volunteer feedback confirms the program's success with respect 

to the second objective. Several volunteers have progressed to employment in the 

ecological field and have cited their TVMP experience as contributing to their 

advancement, while others who participate for personal interest, rather than a career 
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aspiration, similarly cite the value of the knowledge they have gained. Certainly TRCA 

continues to benefit from the commitment of both the volunteers and the property 

owners who welcome them on their lands to conduct the monitoring surveys. We 

sincerely appreciate their continuing partnership in this valuable effort. 
 

As a long-tem monitoring program for the region, TVMP data collection and analysis 

continues. Periodic reporting includes a summary contained in each of the Watershed 

Monitoring and Reporting Annual Progress Reports, in addition to program specific 

reports at five-year intervals. All reports are publicly available through the TRCA website 

www.trca.on.ca. Customized reports for individual landowners are also available, on 

request.  The latter are not published documents. 
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2.0 Introduction 

 

Since 2002, the Toronto and Region Conservation Authority (TRCA) Terrestrial 

Volunteer Monitoring Program (TVMP) has collected presence data for a set of 50 
native indicator species at 56 fixed 10 hectare sample sites located on natural cover 

throughout the Toronto region. Beginning in 2009, an invasive plant monitoring 

component was added, to establish and track the severity of invasion by 8 high priority 

invasive plants at TVMP sites.  

 

This is the third in a series of technical reports that summarize and discuss findings and 

relate the results to complementary TRCA projects such as the Species of 

Conservation Concern scoring and ranking system, the Landscape Analysis Model 
output and the Terrestrial Natural Heritage System Strategy implementation. It 

interprets results to provide information for internal and external requirements, 

including those of conservation land and watershed management, partner 

municipalities, other agencies and organizations, TVMP volunteers, landowners and 

others. 

 

 

2.1  Terrestrial Volunteer Monitoring Program Background 
 

Under the Ontario Conservation Authorities Act (R.S.O. 1990, c. C.27, s. 20), TRCA, as 

a conservation authority, has a responsibility to conserve, restore, develop and 

manage natural resources other than gas, oil, coal and minerals within its jurisdictional 

boundaries. Monitoring the condition of these resources is a necessary part of this 

work that provides the information needed for effective management and restoration.  

Over the long-term, information from TRCA monitoring programs provides the basis for 

reporting on progress, and informs the adaptive management process. The TVMP is 
one component of the overall monitoring activity undertaken by the Watershed 

Monitoring and Reporting section of the Authority. 

 

The TVMP monitors the condition (ecological integrity/health) of the terrestrial natural 

cover across the Toronto region, tracks temporal change, and builds our 

understanding of how a variety of natural and land use characteristics of the landscape 

(Appendix B) are helpful in explaining the observed condition. It also engages citizens 

within the watersheds to learn more about the ecosystem and, with training, to be 
active participants in the collection of scientific data. Landowners participate by 

allowing surveys to be carried out on their properties. Data are maintained, quality 

controlled, analyzed and reported on by the TRCA.   

 

The Terrestrial Volunteer Monitoring Program was specifically designed to inform 

decision making and target setting relative to the TRCA's Terrestrial Natural Heritage 
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System Strategy (TRCA, 2007a) for the region. Both the strategy and the monitoring 

program are built upon a foundation of earlier work that included the development of a 

regional Species of Conservation Concern ranking system. This system, described in 

greater detail in Section 2.4, scores native flora and fauna species on several 
ecological criteria to assign a regional conservation concern rank (L rank). Ongoing 

maintenance of the species scores and ranks according to the protocol (TRCA 2011a) 

is key to the analysis of terrestrial monitoring program results.   

 

The five-year report of monitoring results (TRCA 2008a) evaluated the condition of the  

Toronto region's terrestrial ecosystem on the basis of native indicator species richness 

score. It further documented the differences found between the urban and rural zones 

within the region, and compared the results to predictions of the TRCA Terrestrial 
Natural Heritage System Strategy's (TNHSS) landscape analysis model (TRCA 2007a).  

Subsequently, a report on invasive indicator monitoring for the 2009 - 2011 period was 

completed (TRCA 2012). 

 

 

2.2 Monitoring questions 

 

The monitoring program is designed to answer the following questions across a spatial 
scale of the TRCA jurisdiction and a temporal scale of multiple decades: 

 

1. What is the overall condition of the terrestrial natural cover in the Toronto region, 

including its forest, wetland and meadow habitats and the transition zones 

between them? 

2. How is the condition of the terrestrial natural cover changing over time? Are 

there identifiable trends? 

3. Are there differences between the condition of the terrestrial natural cover in the 
urban, urbanizing and rural zones of the region, and how are these changing 

over time? 

4. What characteristics of the landscape are helpful in explaining or predicting 

differences, if any, between zones or over time? 

 

The answers to these questions provide the basis for interpretation and prediction, 

especially with respect to urban and rural land use impacts on natural habitat and 

biodiversity in the region. If we are to protect and enhance biodiversity in the 
jurisdiction, these goals can be achieved only in the areas of natural habitat that 

remain, or by restoring converted lands back to natural habitats. An understanding of 

how well existing natural areas are supporting species diversity, and why, informs what 

needs to be done, and what management actions are feasible in order make 

measurable progress. 
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Answers to the monitoring questions provide information for use in the Terrestrial 

Natural Heritage System Strategy implementation, in planning other terrestrial 

ecosystem protection and enhancement activities at a variety of scales, and in the 

identification of additional research/monitoring needs or opportunities. Analysis of the 
monitoring results will also guide ongoing program development. Monitoring is, by 

nature, a continuous learning exercise. Improvements in our understanding of local 

ecosystem structure, processes, and responses to disturbance over time support both 

adaptive conservation management and refinements to the monitoring programs 

themselves. 

 

 

 

3.0 Methods 
 

3.1 Study Area and Fixed Monitoring Sites 

 

The area monitored encompasses the existing terrestrial and wetland natural cover in 

the nine watersheds of the TRCA jurisdiction. These include Etobicoke Creek, Mimico 

Creek, Humber River, Don River, Highland Creek, Rouge River, Petticoat Creek, 

Duffin’s Creek and Carruther’s Creek. Also included are the land areas of Frenchman’s 
Bay, the Toronto Islands and the Lake Ontario waterfront within the jurisdictional 

boundaries. The total area is approximately 250,000 hectares and includes the entire 

city of Toronto, significant portions of the regional municipalities of York, Durham, and 

Peel as well as a small area in Mono-Adjala township (Figure 1). 

 

Physiographic features within the region include a portion of the Oak Ridges moraine, 

the morainal south slope, Peel plain, and the glacial Lake Iroquois shoreline. The 

Niagara escarpment passes through the northwestern corner of the jurisdiction where it 
meets the western boundary of the Oak Ridges moraine landform. 

 

The Toronto region lies in an ecological transition zone between the Great Lakes-St. 

Lawrence forest in the north and the Carolinian forest to the south. Terrestrial natural 

cover is primarily deciduous and mixed forest, interspersed with smaller tracts of 

wetland, meadow and Great Lakes coastal habitats (TRCA, 2007a). Approximately 

61,900 hectares (25%) of the Toronto regional landscape was under natural cover in 

2008, 16% of the area being forest, as determined by landscape level analysis of aerial 
photography. 

 

With a population surpassing 4 million people as of 2011, the region is highly 

urbanized, but also has a large zone of rural/agricultural land use, primarily in the north, 

and areas in transition from rural to urban land use. Lands currently under development 

as well as those identified in regional official plans by 2008 as committed for future 
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urban use are identified as the urbanizing zone in this report.  This zone occupies 10% 

of regional area. The rural zone includes lands under rural/agricultural use, whether 

designated to remain so or having undetermined planning status, and makes up 38% 

of regional area. The urban zone refers to all areas urbanized by 2008, and covers 52% 
of the total area. Natural cover exists within all three zones, although it is weighted 

towards the northern, more highly rural part of the jurisdiction (Figure 2). Landscape 

analysis is conducted periodically by TRCA and updated information is used for the 

monitoring program as it becomes available. 

 

Urban development continues at a rapid pace in the region, while agricultural land use 

is declining (Cummings et al. 2010). Legislation enacted just prior to, and during the 

study period is relevant to the study area. Of note are the Oak Ridges Moraine 
Protection Act, 2001, and Conservation Plan, 2002, The Greenbelt Act, 2005 

(http://www.mah.gov.on.ca/Page189.aspx), and more recent developments under 

which the Rouge Provincial Park began a process of transition to the Rouge National 

Urban Park during 2012. 

 

3.2  Indicator Species 

 

While there are many characteristics of terrestrial ecosystems that could be measured 
under a monitoring program, the presence or long-term absence of individual species 

that are native to the region and habitats monitored, provides information not only 

about the species themselves, but also the underlying habitat characteristics and 

conditions on which they depend. It is not practical, or even desirable however, to 

monitor every species. Selection of monitoring indicators is necessary, and decisions 

must be made about how many species to monitor, as well as which species.    

 

The indicator species approach reduces the time and cost invested in training, and 
increases its effectiveness, making this method a good choice for volunteer-based 

monitoring. 

 

The objective is to select a robust set of indicator species that are representative of 

various aspects of ecological integrity in the area under study. While more indicators 

provide more information, limiting the number provides the alternate advantage of 

reducing the natural variability or “noise” in the data (Hutcheson et al. 1999, 

Holthausen et al. 2005). This improves the program's ability to recognize differences 
and trends. The ideal indicator species set achieves a balance between information 

content and variability reduction.   

 

Hutcheson et al. (1999) further note that "species richness data must be integrated with 

knowledge of the individual species requirements and sensitivities to be useful", a 

principle that guided the TVMP species selection process in the sense that species 

were selected for which such information is reasonably well known. This requirement 
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resulted in the selection being primarily made from the taxonomic groups included in 

the TRCA scoring and ranking database, i.e. locally native vertebrates and vascular 

plants.  Lichens were added as a pilot exercise to evaluate their usefulness in providing 

information about air quality. 
 

The TVMP indicator set includes 50 regionally native species, with representatives of 

amphibians, birds, mammals, plants and lichens, as well as a set of 8 invasive plants.  

Native species were chosen to represent a range of forest, wetland, and meadow 

habitat as well as the transition zones or "edge habitat" between them. They further 

reflect varying degrees of specialization on specific habitat components, and ranges of 

ecological sensitivities. The L ranks of the native indicators range from L2 through L5, 

with 22 of the 50 being regional Species of Conservation Concern.  Appendix A lists the 
indicator species selected for monitoring, along with their criteria scores, total scores 

and resulting ranks. Please refer to the same appendix for the scientific names of 

species mentioned in the report text. 

 

The presence of an indicator species provides specific information about conditions on 

the site where it is found. If consistently absent from a site where apparently 

appropriate habitat exists, knowledge of its requirements and sensitivities suggests 

factors which should be considered when interpreting the absence result.   
 

 

3.3  Site Selection 

 

Monitoring sites are ten hectares in size, located in natural cover on both public and 

private lands, and distributed throughout the nine watersheds of the TRCA jurisdiction 

(Figure 1). 

 
There are 55 sample sites and an urban park control site, which means a total of 56 

sites are monitored under the TVMP. Sample sites were initially allocated among 

watersheds according to watershed area, with a minimum of two sites in each. Next, 

point locations were chosen randomly within available natural cover patches of at least  

ten hectares, following which each ten-hectare site was outlined using 1999 digital 

aerial orthophotography and geographical information system (GIS) software (ArcView 

3.3). Where possible, boundaries were established to include some forest, wetland, 

riparian (i.e. land/water edge) and meadow habitat within each site. Where the 
inclusion of all target habitats was not possible, a higher priority was placed on forest, 

followed by wetland. No preference was made with respect to public versus private 

lands, although the subsequent inability to obtain approval from some private 

landowners resulted in the adjustment of 10 site boundaries to exclude a property for 

which permission was not given, and eliminated 8 sites. Following initial site visits, final 

adjustments to boundaries were made on 3 sites to enhance the safety of volunteers, 

i.e. by eliminating potentially dangerous water crossings, and an extreme slope.   
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When the monitoring program was established, the rural and urban land use zones had 

been delineated in TRCA's GIS data. The subsequent designation of areas to be 

urbanized, and ongoing development, have resulted in updates, including, but not 
limited to, the designation of the urbanizing zone described above. The sampling 

design for the monitoring program did not stratify by zone.  The number of sites in each  

zone may change over the long term as boundaries change. During the first decade, 

there have been 24 sites in the rural, 23 in the urban, and 8 in the urbanizing zone. 

 

Figure 1 depicts the TRCA jurisdiction, showing terrestrial monitoring fixed site 

locations along with watershed boundaries and land use zones, while figure 2 does so 

in the context of regional natural cover. 
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Figure 1:  Map of the Toronto region showing the urbanization zones and locations of TVMP monitoring sites 
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Figure 2:  Map of the Toronto region showing natural cover and the locations of TVMP monitoring sites
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3.4  Survey method 

 

The monitoring protocol includes 10 site surveys annually.  Each visit records presence 

observation data for a subset of the indicator species list. Survey timing, length of 
survey, search method and observation method vary by species. Methods were 

selected to maximize the likelihood of finding and correctly identifying individual 

species. Furthermore, in the case of most fauna indicators, surveys are conducted 

during the breeding season for each species in order to provide the best evidence 

available with respect to whether the site provides breeding habitat. Exceptions are 

ruffed grouse (Bonasa umbellus) and porcupine (Erethizon dorsatum). Both are year 

round resident species, which, when present in January-February, are indicators for 

overwintering habitat on the site. 
 

Since a measure for severity of invasion is needed for the invasive plant indicator 

species, surveys for these indicators follow a more detailed protocol that categorizes 

the number of occurrences found as well as the size of the largest occurrence for the 

indicators present. 

 

Appendix C summarizes the annual survey schedule, species monitored by visit, and 

observation method. Protocols are outlined in more detail in the Volunteer Manual 
(TRCA 2008b) and the seasonal training presentations (TRCA 2013). 

 

 

3.5 Data management and analysis 

 

Survey data are maintained in a Microsoft Access database, and statistical analyses 

were carried out using JMP 7.02, SAS Institute Inc. software (SAS 2007) and Microsoft 

Excel 2010, with an alpha of 0.05 as the threshold for significance. 
 

Data were processed through an automated quality assurance module that compares 

various aspects of data records to a series of templates in order to reject any record 

that violated protocol parameters (e.g. an August "summer #2" survey, when the 

protocol requires that survey be completed in the second half of June), and flags data 

(such as species identifications) requiring a manual review. The standardized manual 

process then attempts to verify flagged data through steps that include reviewing data 

sheet comments, submitted photos or samples, questioning the surveyor for additional 
detail about the observation, etc. In some cases, verification visits are made by a staff 

member to the affected site. 

 

Data collection began in spring (April) 2002. Because winter season visits were not 

completed, and the focus that year was on recruiting and finalizing training protocols, it 

was treated as a pilot year and the 2002 data not included in the current analysis. Data 

for the 10-year period of 2003 - 2012 have been compiled into a series of five 2-year 

temporal periods. This comprises the dataset analyzed (Table 1). 
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TRCA species of conservation concern ranking and scoring 

 

Effective 1998, TRCA adopted the designation of Species of Conservation Concern for 

the region. Using regional distribution data, native flora and fauna were assigned to 
one of three rank categories: regional concern, urban concern, or not of concern. 

Subsequently, an objective scoring method was developed and applied, to provide 

explanatory detail to the ranks, and to allow for standardized updates to be carried out 

as additional, or more current, data became available. Under the method, vascular 

plants and vertebrate animals native to the Toronto region are scored on a set of 

ecological sensitivity, habitat requirement and abundance criteria by TRCA biologists, 

and the criteria scores summed to provide a total score, which is then used to assign 

the local rank of conservation concern (TRCA 2011a). The method is designed both to 
enhance our ability to recognize species of regional concern before they have become 

rare, and to better understand what characteristics of individual species affect their 

sensitivity or risk of being lost from natural cover in the region. The ranks indicate the 

degree to which various species are in need of protection and the score detail informs 

the resulting conservation action in order to enhance the prospects for success. 

 

A similar ranking and scoring method is applied to native vegetation communities 

(TRCA 2011a).  It will not be discussed further here, since vegetation communities are 
not monitored under the TVMP. 

 

Flora are scored using four criteria: local occurrence, population trend, habitat 

dependence, and sensitivity to impacts associated with development. Fauna are 

scored on seven criteria: local occurrence, local population trend, continent-wide or 

range-wide population trend, habitat dependence, sensitivity to development, area-

sensitivity, and patch isolation sensitivity. In each case, the scores for the applicable 

criteria are summed to arrive at a total score for the affected species. 
 

Initial application of the scoring method resulted in the recognition and designation of 

five local conservation concern ranks, referred to as L ranks. Species ranked L1 

through L3 are the Species of Conservation Concern (SOCC) for the Toronto region, 

analogous to the earlier "regional concern" rank. Those ranked L4 are considered 

species of concern in the urban and urbanizing zones, and those ranked L5 are not of 

concern at either the regional or the urban scale.  

 
The method also records native species that are known to have been extirpated from 

the region with an LX designation, and non-native (introduced) species with an L+. 

Species in these groups are not scored. 

 

Species scores are periodically updated as, and when, new data becomes available. 

For example, a change in local occurrence as determined through TRCA's biological 

inventory work will trigger a re-evaluation for the affected species, as will published 

research that expands knowledge of a species requirements, or updates continental or 
range level abundance or distribution data.  Additional information on the rationale and 
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methodology can be found in the document entitled Vegetation community and species 
ranking and scoring method (TRCA 2011a). 

 

 
TVMP Native Indicator Species Richness Scoring 

 

Indicator species richness (SR) can be measured, in its simplest form, as the number 

of indicator species found to be present on the site during the period under analysis.  

Volunteers do not count individuals, populations, or occurrences of the native 

indicators, and so species richness scoring does not incorporate an abundance 

measure.  For the purposes of the current analysis, however, each species' contribution 

to the species richness score is weighted according to its degree of conservation 
concern. The native indicator species richness score for each of the TVM sites is 

calculated as the sum of the regional conservation concern total scores for the 

indicator species present on the site for the period under analysis, divided by the sum 

of the total scores for the entire indicator set. Species richness scores are therefore 

reported on a  0 – 100 scale. 

 

This method provides differentiation between sites with equal numbers of native 

indicator species, but differing proportions of more sensitive versus less sensitive 
species, which suggests differing habitat quality. By doing so, it enhances the utility of 

the SR score for evaluating ecosystem condition across the region and for making 

comparisons between land use zones, watersheds and even individual sites.  Appendix 

A shows the total score for each of the native indicator species. Note that the SR score 

calculation method has been refined since the earlier reports were published. Score 

values reported herein are not directly comparable to those in previous reports. 

 

Species richness scores can be calculated by site for the complete native indicator 
species set (native indicator species richness, or total SR) as well as for a variety of 

subsets, including taxonomic groups (e.g. birds, amphibians), the regional Species of 

Conservation Concern group or guilds of interest such as forest species, wetland 

species or ground-nesters. Where it is informative, an individual species' presence/ 

absence across sites can also be investigated. 

 

The exotic invasive plant indicators are not included in the species richness calculation, 

since doing so would serve to obscure, rather than to represent terrestrial habitat 
quality/ecosystem condition. The SR score is thus a measure for native species 

richness, designed to be an index of native biodiversity. 
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Species and Site Severity of Invasion Scoring  

 

The invasive plant indicator species dataset is used to develop severity of invasion 

scores for each of the invaders found on a site, and to score the overall severity of 
invasion by the set of invasive indicators for each site. Invasive indicator data have not 

been further analyzed for the purposes of this report, although invasion scores (TRCA 

2012) are considered, where relevant to the interpretation of native indicator species 

richness and other results. 

 

 

4.0  Results 

 
4.1 Data collection: for the region and by watershed 

 

Fifty-five sample sites, and one control site, were surveyed during the 2003 – 2012 

period; however data collection by period was incomplete for many sites. One site's 

species observations failed to meet quality assurance guidelines for multiple periods, 

and it was removed from the analysis. In order to calculate the total native indicator 

species richness (SR), and guild SR scores, all of the ten visits for the period must have 
data, and missing SR score data creates challenges for analysis. Data gaps are 

considered when interpreting results. Throughout the first decade, the proportion of 

complete data has increased continuously (Table 1), which bodes well for the future 

analysis of the long-term dataset. 

 
 

Table 1:  Data analysis periods, number of sites reporting, and proportion of data collection 
completion for TVM sites, 2003 - 2012 

 

  

Period 1  Period 2  Period 3  Period 4  Period 5  Total 

Date range  2003 -2004 2005 - 2006 2007 - 2008 2009 - 2010 2011 - 2012 2003 - 2012 

# sites reporting 19 33 43 48 48 192 

% complete data collection    35%   60%   78%   87%   87%   69% 

Urban park control site 

 
1 1 

 
1   60% 

 

 

Data analysis and reporting by watershed is now possible for the first time, with 

sufficient data collected in the larger watersheds to support statistical analysis of 

several measures relevant to watershed management objectives.  Table 2 summarizes 

key landscape metrics and monitoring effort by watershed. In addition to the 52 TVMP 

sites located within the 9 river watersheds, there are sites located at Frenchman's Bay, 
High Park and the Toronto Islands. The urban park control site is in downtown Toronto, 

at Queen's Park.  
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Table 2:  Key landscape metrics for the TRCA jurisdiction's nine watersheds, and monitoring 
 effort by watershed. Total watershed area is comprised of urban, rural, and urbanizing 

land use zones. Natural cover exists within all three zones, although it is weighted 
 towards the rural zone. 

 

Watershed 

Watershed 

Area (ha) 

% in 

Urban 

Zone 

% in 

Rural 

Zone 

% 

Natural 

Cover 

Area of 

Natural 

Cover 

(ha) 

# TVM 

Sites  

Active 

Area 

Monitored 

(ha) 

% of 

Natural 

Cover  

Monitored 

% Data 

Collection 

Etobicoke 21109 71 22 14 2955 5* 50 1.7 60 

Mimico 7552 96 0 11 831 1 10 1.2 60 

Humber 91008 33 54 32 29123 19  190 0.7 75 

Don 35676 96 3 14 4995 8 80 1.6 83 

Highland 10583 100 0 11 1164 3 30 2.6 40 

Rouge 33542 39 51 23 7715 7 70 0.9 63 

Petticoat 2417 21 71 16 387 1 10 2.6 60 

Duffin's 28217 10 71 40 11287 7 70 0.6 66 

Carruther's 3811 29 21 28 1068 1 10 0.9 60 

* Application of the data quality assurance protocol resulted in 1 of 5 sites in the  

Etobicoke watershed being removed from the analysis 
 

4.2 Total indicator species richness (SR) in the region and its land use zones 

 

All of the indicator species were recorded at one or more of the sample sites at least 
once during the ten years. Just one species, the bobolink (Dolichonyx oryzivorus), was 

recorded at only one site during the period, and there were a small number of 

incidental observations of this species outside site boundaries (as noted in data sheet 

comments). The mealy rosette lichen (Physcia millegrana) at the other extreme, was the 

only species recorded at least once on every site, including the urban park control site. 

Observations of other indicator species ranged between these limits (Table 3). 

 

The native indicator SR scores for each site and time period were averaged to yield 
means across the time periods by site, and across all sites by time period for the region 

as a whole, by urbanization zone and by watershed. 

 

Individual site native indicator SR scores across the region and all time periods ranged 

from 4.7 to 65.9, while individual site means for the 10-year period were from 8.8 

through 61.1, and the overall mean SR score for the region for the ten-year period was 

29.9.  

 
The means of site SR scores for the five time periods ranged from 27.1 to 30.8, with a 

mean for the time periods at 29.3. The control site's score ranged from 6.9 to 9.2 over 

the time periods, with a mean of 8.0. 
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The urban zone overall SR score mean was 22.8, with the urbanizing zone higher at 

33.0, and the rural zone showing the highest value at 35.2. These differences were 

significant (ANOVA). Specifically, the urban zone was lower than both the rural and the 

urbanizing zones (p=0.001 in both cases), while the rural and urbanizing zones did not 
differ from each other (p=0.41), when assessed via t-tests. 

 

The weak suggestion of temporal trend, evident in the urban, urbanizing and overall 

regional zones (Figure 3) was not significant. 
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 Table 3:  Frequency of observation for each of the indicator species 2003 - 2012 

Species common name Species scientific name Group # Sites # Observations 

Bobolink Dolichonyx oryzivorus Fauna 1 2 

Bullfrog Lithobates catesbeiana Fauna 2 4 

Green heron Butorides virescens Fauna 3 7 

Virginia rail Rallus limicola Fauna 5 8 

Porcupine Erethizon dorsatum Fauna 6 10 

Eastern meadowlark Sturnella magna Fauna 5 11 

Wood duck Aix sponsa Fauna 6 12 

Western chorus frog Pseudacris triseriata Fauna 9 13 

Winterberry Ilex verticillata Flora 9 16 

Ruffed grouse Bonasa umbellus Fauna 11 16 

Northern leopard frog Lithobates pipiens Fauna 13 19 

Pileated woodpecker Dryocopus pileatus Fauna 13 22 

Narrow-leaved spring beauty Claytonia virginica Flora 16 27 

White oak Quercus alba  Flora 12 30 

Michigan lily Lilium michiganense Flora 14 33 

Riverbank wild rye Elymus riparius Flora 16 35 

American woodcock Scolopax minor Fauna 19 40 

Mink Mustela vison Fauna 26 41 

Savannah sparrow Passerculus sandwichensis Fauna 27 41 

Star-flower Trientalis borealis Flora 20 42 

Barber-pole bulrush Scirpus microcarpus Flora 21 43 

Turtlehead Chelone glabra Flora 20 44 

Swamp milkweed Asclepias i. incarnata Flora 24 45 

American toad Anaxyrus americanus Fauna 24 45 

Grey treefrog Hyla versicolor Fauna 24 49 

Wood frog Lithobates sylvatica Fauna 25 57 

Eastern screech-owl Megascops asio Fauna 29 57 

Christmas fern Polystichum acrostichoides Flora 25 62 

Swamp sparrow Melospiza georgiana Fauna 33 63 

Foam-flower Tiarella cordifolia Flora 29 68 

Northern spring peeper Pseudacris c. crucifer Fauna 29 68 

Scarlet tanager Piranga olivacea Fauna 37 68 

Green frog Lithobates clamitans Fauna 30 71 

Marsh marigold Caltha palustris Flora 31 73 

Eastern chipmunk Tamias striatus Fauna 36 78 

Ovenbird Seiurus aurocapillus Fauna 44 89 

Rough speckled shield Punctelia rudecta Lichen 38 91 

Hooded sunburst Xanthoria fallax Lichen 40 91 

Common greenshield Flavoparmelia caperata Lichen 41 92 

Spotted Joe-pye weed Eutrochium m. maculatum Flora 38 112 

Zig-zag goldenrod Solidago flexicaulis Flora 44 125 

Hammered shield Parmelia sulcata Lichen 47 125 

Eastern wood-pewee Contopus virens Fauna 48 133 

White trillium Trillium grandiflorum Flora 47 139 

Candleflame Candelaria concolor Lichen 52 143 

White pine Pinus strobus Flora 46 144 

White cedar Thuja occidentalis Flora 46 148 

Eastern hemlock Tsuga canadensis Flora 47 154 

Jack-in-the-pulpit Arisaema triphyllum Flora 53 158 

Mealy rosette Physcia millegrana Lichen 56 170 
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Figure 3:  Mean native indicator species richness score by urbanization zone and time period.
 The urban zone was significantly different from the other two zones (p<0.001)  
 
 
 

4.3 Total indicator species richness in regional watersheds 

 

Native indicator species richness scores for the time periods also varied by watershed 
(Figure 4), with Carruther's Creek reflecting the highest score at 45.6 and Mimico Creek 

the lowest at 14.6.  Both of these smaller watersheds have a single monitoring site, and 

thus insufficient data for inclusion in the statistical comparisons by watershed. This is 

also the case for Petticoat Creek.  An overall significant difference existed among the 

balance of watersheds (ANOVA, p=0.025), although means comparisons (Tukey-

Kramer) did not identify any watersheds that differed significantly from any others, nor 

were temporal differences within watersheds significant. 
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Figure  4:  Mean native indicator SR by watershed for three time periods. Differences among  
     watersheds were significant (p=0.001). Trends across time periods were not. 
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Mean total SR score by watershed was tested for correlation with selected watershed 

characteristics. The best predictor of total SR score was % urban area in the watershed, 

with a strong and significant negative relationship exhibited (Figure 5). An apparent 

positive correlation between SR score and % rural area, on the other hand, was not 
significant (p=0.11). Similarly, a positive correlation between SR score and % natural 

cover approached significance (p=0.098), but did not reach the confidence threshold 

(Figure 6). 

 
 
 

 
Figure 5 :  Watershed mean native indicator species richness score versus % urbanized area.  

The negative correlation was significant (R2=0.62, p=0.01) 
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Figure 6:  Watershed mean indicator SR score versus watershed % natural cover.  The 

 correlation was not significant at the 95% confidence level, but was at 90%  
(R2=0.34, p=0.098) 

 

4.4 Total species richness in relation to landscape level characteristics 

 

Site characteristics, including the size of the natural cover patch on which the site is 

located, area of natural cover within a 500 m, 1 km, and 2 km radius from the site 

centroid, distance to the nearest road, road density (km of road within a 2 km radius of 

the site centroid), and total patch score (TRCA 2008a) were calculated using the 2007-

2008 landscape analysis. The site centroid is the geographical centre of the site as 
calculated by the GIS software. It is used as a comparable point location across a 

range of sites differing widely in shape, as is the case for TVMP sites. Relevant site 

characteristic data are reproduced in Appendix B.   

 

While the 2007-2008 landscape analysis update does not reflect significant change in 

the total quantity of natural cover at the regional scale, and many sites have no 

observed change when aerial photography is reviewed, change is evident at several 
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TVMP sites. Three of the sites, originally placed in natural cover, now have urban 

development within their boundaries (Figures 7a, b, and c).  In several other cases, 

urbanization is closer than it was when the sites were established. Forest has been 

cleared in the immediate vicinity of at least one site, located in an Oak Ridges Moraine 
Natural Core designated area (Figure 7d). In 2001, when site boundary delineation was 

undertaken, the most recent photography available for the region was dated 1999.  

Today, the currency of imagery varies by municipality, with dates ranging from 2005 to 

2008. Qualitative changes observed have therefore occurred over a six to nine year 

time period. 

 

Characteristics hypothesized to have predictive value with respect to site SR scores 

were investigated for correlation with them. Several characteristics that were earlier 
reported to increase with site condition (ecological integrity) (TRCA 2008a), showed a 

similar result on the basis of the 10-year data set.  Total patch score for the natural 

cover patch on which the site was located, for example, was again positively correlated 

with SR score, while road density was negatively correlated with it (R2=0.28, p<0.001, 

and R2=0.21 p<0.001).  

 

Similarly, the area of natural cover within 500 metres of the site centroid was also 

correlated with SR score and the relationship was highly significant (Figure 8, R2=0.38, 
p<0.001). At this distance, the proportion of natural cover ranged from 14.0% through 

99.9% of total area. At a 1 km distance, the area of natural cover was again strongly 

and significantly correlated (R2=0.34, p<0.001), with the proportion natural ranging 

from 8.0% to 91.3% of total area.  

 

The area of wetland within 500m of the site was not significantly correlated with the SR 

score. However, the area of wetland within 1 km and within 2 km both displayed 

significant positive relationships (R2=0.24 & 0.29, p<0.001). The 2 km buffer wetland 
area relationship is illustrated in Figure 9. In all three cases, the relationship between 

the total wetland area within the distance specified and SR score was stronger than the 

relationship between SR score and the area of wetland contained in the boundaries of 

the specific natural cover patch on which the site was located.  

An additional characteristic considered was whether the monitored site had open 

public access (n=35) or did not (n=19).  Sites without access to the general public had 

a higher SR score (mean=30.8) versus those with public access (mean=27.1), but the 

difference was not significant. 
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Figure 7:  Four examples of changing landscape composition at the site level 
a) Site 39 1999 (top) and 2007 (bottom)showing urban incursion into the site and adjacent 

natural cover 
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Figure 7: b) TVM Site 54 1999 (top) and 2008 (bottom) showing urban incursion 
into the monitored area.  
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Figure 7: c) TVM Site 8 and area, 1999 (top) and 2005 (bottom) showing increased 
urbanization in the vicinity of the site, and urban incursion into the monitored area. 
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Figure 7: d) TVM Site 10 and area, 1999 (top) and 2007 (bottom) showing forest 
 cleared from the natural cover patch on which the site is located
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Figure 8:  Regression of native indicator species richness score on area of natural cover within 
 500 metres of the site centroid, the site characteristic exhibiting the strongest correlation 

with native indicator species richness (R2=0.38, p<0.001) 
 

 

 

The size of natural cover patch on which a site was located ranged from 10 ha to 93 ha 

in the urban zone, and from 23 ha to 1439 ha in the rural zone. The area of natural 
cover within 2 km of the site varied from 114 ha to 692 ha in the urban zone, and from 

196 ha to 1052 ha in the rural zone. 

 

In the urbanizing zone, natural cover patch size ranged from 17 to 256 ha, and the area 

of natural cover within 2 km was from 308 to 835 ha. 
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Figure 9:  Regression of species richness score on area of wetland within 2 km of the site 

centroid. The correlation was strong and significant (R2=0.29, p<0.001). 
 
 

Total indicator SR scores for the urban sites having the top six values for area of natural 
cover within 2 km were compared with those for the six rural zone sites with the most 

closely matching natural cover area value. The resulting data is displayed in table 4. 

The mean urban zone SR score of 22.6 was significantly lower than the rural mean at 

29.3. The two sets of sites had both similar total habitat area within 2 km, and a similar 

degree of habitat fragmentation, represented in the table by the number of patches and 

mean area per patch of natural cover within the 2 km buffer. 
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Table 4:  Native indicator species richness scores for the six urban zone sites having the largest 
area of natural cover within 2 km values, compared to SR scores for the rural sites with the 

most closely matching area values. Habitat fragmentation (# patches and mean area/patch) 
was similar for both sets. Rural zone scores were significantly higher (p=0.043). 

 

Urban Rural 

Site 

Mean 

SR 

Score 

Natural 

Cover 

in 2 km 

(ha) 

# 

patches 

Mean 

Area/patch 

(ha) Site 

Mean 

SR 

Score 

Natural 

Cover 

in 2 km 

(ha) 

# 

patches 

Mean 

Area/patch 

(ha) 

8 25.7 679.4 161 4.22 10 38.7 632.3 186 3.40 

51 29.0 472.1 145 3.26 44 18.8 457.2 141 3.24 

38 17.9 374.1 121 3.09 48 28.6 397.5 184 2.16 

33 20.4 357.1 128 2.79 59 31.7 347.7 165 2.11 

32 18.7 296.3 168 1.76 14 34.0 283.3 74 3.83 

52 23.7 285.4 143 2.00 18 23.8 263.8 123 2.15 

Mean 22.6 410.7 144 2.85 Mean 29.3 397.0 146 2.81 

 
 

 

4.5 Species Richness Scores for selected guilds 

 

In addition to the total native indicator group, selected subgroups, or guilds, were 
analyzed. These included the full set of fauna indicator species, the avian, and 

amphibian taxonomic groups, the Species of Conservation Concern, and the forest and 

wetland habitat guilds. The flora group was not similarly investigated, since species 

richness determined using presence/absence data for plants has previously been 

established to be a less sensitive indicator of ecosystem condition than the fauna 

group (TRCA 2008a, TRCA unpublished data). Plant species are not as quickly lost 

from natural cover when urban impact increases as the fauna species are. While they 

may be declining in abundance, this change will be not be captured under TVM 
protocols until they have been lost from the site, or at least, reduced in number to the 

extent that they are not found and thus recorded as absent. 

 

 

 4.5.1  Fauna species richness 

 

Twenty-five of the native indicator species are vertebrate fauna, including amphibians, 

mammals and birds, representing L2 through L4 conservation concern ranks and all of 
the coarse habitat categories: forest, wetland, riparian, and meadow (Appendix A). 

 

The fauna SR 10-year mean scores for the region, and by land use zone (Table 5) and 

watershed (Table 6), were consistently lower than total SR scores, with the difference 



Terrestrial biodiversity in the Toronto region 2003 - 2012:  A decade of  
 monitoring under the Terrestrial Volunteer Monitoring Program 

        

December 2013                                                   

   
33 

particularly striking in the urban zone, where fauna SR scores were 60% of total SR 
scores on average. The control site scored 0 on all fauna metrics. 

 

There was a significant difference between the fauna scores for the urbanization zones 

(ANOVA) with the urban zone mean of 12.8 significantly lower than the means of the 

rural and urbanizing zones at 26.8 and 26.6, respectively (p<0.001). The latter two 

zones did not differ from each other. 

 
There were no significant temporal trends in the overall fauna SR score, nor those of 

the avian or amphibian subgroups. Figure 10 summarizes the results for each of these 

groups across the five time periods. 

 

 
Figure 10:  Fauna, avian and amphibian indicator guild species richness scores across the five 

 temporal periods, for the overall region, the rural and the urban zones. No temporal 
 trends were significant. Urban zone scores were significantly lower than rural scores. 

 

 

Of the landscape parameters, the area of natural cover within 500m had the strongest 

correlation with fauna SR (R2 =0.46, p<0.001), followed by the area of natural cover 

within 1km (R2=0.39, p<0.001), and 2 km (R2=0.33, p<0.001). For fauna, the area of 
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wetland within 1 km and within 2 km also had strong predictive value (R2=0.39 and 
0.40, p<0.001 for both). 

 
Table 5:  Fauna and SOCC species richness scores by urbanization zone, and ratio of each   

    guild score to total indicator species richness score 

 

 

 4.5.2   Avian species richness 

 
The avian indicator group includes 14 species that breed within the Toronto region, 

with representation by both migratory and year-round resident species of forest, 

wetland, riparian and meadow habitat. Indicator birds range in rank from L2 through L4 

(Appendix A). 

 

Mean avian species richness scores on the sites ranged widely from 0.0 through 61.0. 

Like the overall fauna group, the avian set showed mean SR scores by region, 

urbanization zone and watershed that were lower than total SR, with the exception of 
the Mimico watershed, where there is a single monitoring site. 

 

There was a significant difference between the urban zone mean of 16.0 and the rural 

at 25.3 (p<0.001). However the urbanizing mean SR score of 23.9 did not differ 

significantly from either the rural or the urban zone scores. 

 

The best predictors of avian SR were area of wetland within 1 km and area of natural 

cover within 500 m (R2=0.31 and 0.29, p<0.001). 
 

 

 4.5.3  Amphibian species richness 

 

The amphibian group includes eight species of frog and toad, having ranks from L2 to 

L4. All are dependent upon wetland habitat for breeding, with fishless vernal pools in 

forest or wetlands adjacent to forest habitat more important for some, while deeper 

permanent wetlands are required by others. Non-breeding habitat for the various 
species includes forest, wetland and meadow.  

 

Amphibian SR scores ranged from 0.0 to 66.7. In contrast to the fauna and avian SR 

score, there were multiple instances where amphibian SR was higher than total SR 

  
  

Rural Urban 
Total 
SR 

Fauna 
SR 

Avian 
SR 

Amphibian 
SR 

SOCC 
SR 

Total 
SR 

Fauna 
SR 

Avian 
SR 

Amphibian 
SR 

SOCC 
SR 

Mean Score 34.1 26.8 25.3 29.2 24.8 22.7 12.8 16.0 8.4 9.4 

Ratio to Total SR 0.8 0.7 0.9 0.7 0.6 0.7 0.4 0.4 
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score at individual sites. The means for some watersheds also reflect this (Table 6). In 
other watersheds, the region as a whole, and the urbanization zones (Table 5) mean 

amphibian SR was lower than mean total SR. 

 

The largest difference between urbanization zones occurred in this group. The urban 

zone mean of 8.4 was very much lower than the rural at 29.2 and the urbanizing at 32.6 

(p<0.001). Although the urbanizing zone mean appeared higher than the rural, that 

difference was not significant. 
 

The best predictors of species richness for the amphibian group were area of natural 

cover within 500m (R2=0.34, p<0.001) and area of wetland within 1 km (R2=0.32, 

p<0.001). 

 

 

 4.5.4 Regional Species of Conservation Concern (SOCC) richness 

 
The Regional Species of Conservation Concern, ranks L1 through L3, are the species 

recognized to be most at risk with respect to anthropogenic impacts in the Toronto 

region. Twenty-two of the 50 indicator species monitored, with representatives of both 

flora and fauna, were included in this group during the period under analysis (Appendix 

A). 

 

Site species richness scores for the SOCC group ranged from 0.0 through 59.9. The 

urban mean of 9.4 was much lower than the rural at 24.8 and the urbanizing at 22.2 
(p<0.001). The urbanizing zone mean was lower than, but close to, the rural, and these 

two zones did not differ significantly. 

 

There were differences among watersheds (ANOVA). Specifically, the Humber, with a 

mean SOCC SR score of 25.1 was significantly higher than the Don at 8.3 (Table 5). 

The number of watersheds, combined with a small number of sites in some, may have 

obscured other differences, although a separate analysis limited to the four largest 

watersheds similarly found a difference only between the Don and Humber.  
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Table 6:  Mean site total, fauna guild and Species of Conservation Concern  
species richness scores by watershed 

 

Watershed N 
Mean 

Total SR 
Mean 

Fauna SR 
Mean 

Avian SR 
Mean 

Amphibian SR 
Mean 

SOCC SR 

Etobicoke 4 21.7 16.2 19.9 14.0 12.6 

Mimico 1 14.6 8.9 25.2 0.0 5.6 

Humber 19 34.8 27.8 27.2 29.2 25.1 

Don 8 22.4 10.4 13.7 5.0 8.3 

Highland 3 26.2 15.1 13.7 21.5 11.9 

Rouge 7 27.9 14.9 13.2 15.2 14.7 

Petticoat 1 39.0 26.7 10.3 57.5 25.7 

Duffin's 7 29.9 24.0 26.6 20.2 18.3 

Carruther's 1 45.6 40.9 36.3 48.1 33.5 

       

Control site 1 8.0 0.0 0.0 0.0 0.0 

 

 

 

The SOCC group showed a positive correlation with total patch score, area of natural 

cover, and area of wetland. Correlations with these site characteristics were stronger 

than for any of the other indicator groups, the strongest being that with natural cover 

area within the 500m buffer (R2=0.49, p<0.001), closely followed by natural cover area 
within 1 km (R2=0.44, p<0.001). The strongest correlation with wetland area was once 

again at the 2 km buffer distance (R2=0.38, p<0.001). 

 

The SOCC species richness score declined strongly and significantly with road density 

(R2=0.42, p<0.001).  

 

When patches of natural cover are dispersed through a developed area, a common 

question is whether there is a threshold proportion of natural cover below which an 
abrupt change in species richness occurs. Investigation of the current data set 

provided no evidence of such a threshold with respect to the SR scores, within the 

range of buffer sizes tested. Figure 11, for example, shows the SOCC SR score 

increasing linearly with increasing area of natural cover within 500 m of the site 

centroid; the form of the relationship was similar for wetland area and did not change at 

the 1 km and 2 km buffer sizes.  

 

Once again, sites without public access had a higher mean score than those with it, at 
21.3 versus 15.5. The difference approached significance, but did not meet the 

threshold (p=0.09) 
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Figure 11:  Species of Conservation Concern species richness score and area of natural 
cover within 500 m. of site centroid (R2=0.49, p<0.001). 

 

 
 

4.5.5   Fauna and SOCC species richness response to landscape parameters 

 

The response of key SR scores to each of four landscape level metrics is summarized 

in Figure 12 for the region as a whole, and in Figures 13 and 14 for the land use zones.  

Density ellipses highlight the 95% confidence area, providing a visual representation of 

the strength and significance of responses by the full native indicator species set (total 

SR), fauna SR, avian SR, amphibian SR and SOCC SR to the landscape variables. 
Scatterplots within the matrix are scaled equally for ease of comparison. The R2 and p 

values are provided for the correlations that were significant.  
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Figure 12:  Scatterplots of regional mean SR score versus selected landscape metrics for the 
 total native indicator species set, and the fauna, avian and Species of Conservation 
 Concern (SOCC) groups. Density ellipses surrounding the 95% confidence area, 
 highlight similarities and differences in the relationships. Landscape parameters 

shown had the strongest correlations in the regression analysis. 
 
 

Regionally, the five SR scores responded in a similar way to all four landscape 

parameters, increasing with increasing patch score, area of natural cover within 500 m, 

and area of wetland within 2 km. All decreased with road density. The SOCC SR had 

the strongest response to the landscape metrics, followed by fauna SR. The avian and 
amphibian groups illustrated differences specific to those groups, although a general 

similarity held. 
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Of the SR scores, mean total SR, mean fauna SR and mean SOCC SR demonstrated 
the clearest responses overall with respect to the regional landscape parameters. 

 

Scatterplot matrices for the rural and urban zones are shown in Figure 13. Plotted on 

the same scale, they highlight the differences between zones with respect to the range 

of landscape values present in each zone as well as the range of SR scores, and 

differences in relationships. Most obvious are differences in the range of road density 

and area of wetland values between the rural and the urban zone. Rural road density 
values are clustered below 40 km within a 2 km radius of the site, while urban road 

density barely overlaps the rural range and extends to over 225 km within the 2 km 

buffer. Urban wetland area values are clustered close to 0 on the scale, while the rural 

zone wetland area values range much more widely. 

 

Many of the relationships that were significant for the region were also significant in the 

rural zone, but none of the SR scores showed a significant correlation with road density 

within the existing narrow range of road density values for this zone. 
 

The urban zone, in contrast, had just two significant relationships; total SR score was 

positively correlated with patch score and SOCC score showed a similar relationship 

with area of natural cover within 500 m.   
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Figure 13: Comparison of rural (top, n=22) and urban (bottom, n=24) SR scores plotted 
against selected landscape variables. Significant R2 and p values are shown. 
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For the urbanizing zone, the scatterplot matrix (Figure 14) highlights the greater 
variance in scores, with no relationships that reached the threshold for significance. 

Total SR and SOCC SR versus total patch score were close, however, both having p 

values of 0.07.  
 
 
 
 

4.0  Discussion 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 14: Scatterplot matrix of urbanizing zone (n=8) SR scores plotted against selected 
landscape variables. Positive correlations between Mean Total SR and Mean  

SOCC SR approached significance, with R2 and p values as shown. 
 

 

4.5.6  Forest and wetland habitat guild richness 

 

The forest and wetland guilds both had SR scores higher than the total indicator 

scores, and significant differences were once again evident between the rural and 

urban zones. In the case of forest SR, the urban mean score of 29.0 was significantly 
lower than the rural mean at 48.7 (p<0.001), while the urbanizing zone mean was 

intermediate between the two at 38.7 and not significantly different from either. For 
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wetland SR the urban zone mean score of 10.9 was much lower than the rural mean at 
25.2 (p<0.001). The urbanizing zone mean was higher than the rural at 32.3, but this 

difference was not significant. It was significantly higher than the urban mean. 

 

Site average forest SR scores by watershed were from 4.7 through 46.1. Differences 

among watersheds were not significant, although an apparent difference between the 

Humber score of 25.0 and Don score of 9.5 approached significance with a p value of 

0.06. The sites' wetland SR scores ranged from 20.0 to 49.0, and there was a significant 
difference between the Don at 29.3 and the Humber at 48.9 (p=0.01). 

 

Exploration of habitat guild SR score relationships with landscape parameters showed 

significant positive correlations for both forest and wetland SR with total patch score, 

area of natural cover within 500 m and area of wetland within 2 km, as well as 

significant negative correlations with road density (Figure 15). 

 

 
 
Figure 15: Scatterplot matrix of regional forest and wetland SR scores plotted against selected 
 landscape parameters. Density ellipses surround the 95% confidence area in each plot.  

R2 and p values are shown for significant correlations. 
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4.6   Species richness and severity of invasion 
 

Investigation of relationships between severity of invasion scores for the 2009-2011 

period and total native indicator species richness scores for the same period was 

discussed in the invasive species report published recently (TRCA 2012). Further 

analysis using the current dataset explored potential relationships between the 

subgroup species richness scores and severity of invasion. Since no significant trends 

were observed in SR scores over the decade, the 10-year mean was used for the 
analysis. Fifty-two of the 56 sample sites had data for this comparison, 22 in each of the 

urban and rural zones, and 8 in the urbanizing zone. 

 

Regionally, fauna SR, avian SR, SOCC SR and wetland SR showed weak, but 

significant negative correlations with mean severity of invasion scores. The strongest 

relationship was for SOCC SR with an R2 value of 0.16 and p of 0.02. None of the three 

land use zones had relationships evident between severity of invasion scores and SR 

scores. 
 

4.7 Best fit models for mean SR scores 

 

Where SR scores showed a significant correlation with multiple landscape level 

parameters, statistical models were run to evaluate what combination of relevant 

landscape metrics provided the best prediction for the SR score in question. Models 

were constructed for mean total indicator SR, and for each of the mean guild SR scores 

for the region as a whole, the rural zone, and the urban zone. Table 6 summarizes the 
model effects and adjusted R2 values for significant best fit models. 

 

Regionally, the model with the strongest predictive value was that for SOCC species 

richness score. Significant effects included in the model were: area of natural cover 

within 500 m, road density (km within 2 km), and area of wetland within 1 km (adjusted 

R2=0.70, p<0.001). The adjusted R2 value is the proportion of variance that is 

mathematically explained by the model. This means that 70% of the site to site 

variability in SOCC SR throughout the region can be explained on the basis of these 
landscape variables combined.  

 

Regional SR scores for all guilds other than the avian group had best fit models that 

incorporated these same three landscape metrics. For the avian group, severity of 

invasion score was included and road density was not (Table 7). 

 

For the rural zone, a notable difference was the higher predictive value of fauna SR 

over SOCC SR and its very high predictive strength at 76%. The SOCC model was very 
similar between the region and rural zone, even though its rank for predictive value 

changed. Models for the balance of the SR metrics both changed in strength and rank, 

and road density fell out of the best fit models for some. Still important were area of 
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natural cover within 500 m of the site centroid and area of wetland within 1 km of this 
point (Table 6). 

 

In the urban zone, explanatory models were much weaker, with only fauna, amphibian 

and wetland SR having models that explained over 30% of the variance. All three 

incorporated natural cover within 500m and wetland within 1 km (Table 6). 

 
Table 7:  Best fit model strength and landscape level parameters included in the model for total 

native indicator species richness score and selected guild species richness scores 
in: a) Toronto region, b) the rural zone, and c) the urban zone. Predictive strength of 

the model is the adjusted R2 expressed as a percentage 
 

a) The region: 
Indicator guild 

score 

Predictive 

strength 

Landscape parameters included in the model 

SOCC SR 70% natural cover within 500 m, wetland within 1 km, road density 

Fauna SR 69% natural cover within 500 m, wetland within 1 km, road density 

Wetland SR 58% natural cover within 500 m, wetland within 1 km, road density 

Total indicator SR 50% natural cover within 500 m, wetland within 1 km, road density 

Forest SR 49% natural cover within 500 m, wetland within 1 km, road density 

Amphibian SR 48% natural cover within 500 m, wetland within 1 km, road density 

Avian SR 46% natural cover within 500 m, wetland within 1 km, severity of 
invasion score 

 
b) The rural zone: 
Indicator guild 

score 

Predictive 

strength 

Landscape parameters included in the model 

Fauna SR 76% natural cover within 500 m, wetland within 1 km 

SOCC SR 68% natural cover within 500 m, wetland within 1 km, road density 

Forest SR 64% natural cover within 500 m, wetland within 1 km, road density 

Total indicator SR 56% natural cover within 500 m, wetland within 1 km, road density 

Avian SR 54% natural cover within 500 m, wetland within 1 km 

Amphibian SR 51% natural cover within 500 m, wetland within 1 km, road density 

Wetland SR 50% natural cover within 500 m, wetland within 1 km 

 
b) The urban zone: 
Indicator guild SR 

score 

Predictive 

strength 

Landscape parameters included in the model 

Fauna SR 34% natural cover within 500 m, wetland within 1 km 

Amphibian SR 34% wetland within 1 km 

Wetland SR 31% natural cover within 500 m, road density 

SOCC SR 28% natural cover within 500 m, wetland within 1 km 

Forest SR 20% natural cover within 500 m, wetland within 1 km 

Total indicator SR na  no significant models; area of natural cover within 500 m as a 
single effect was close, having a p value of 0.088 

Avian SR na  no significant models 
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5.0 Discussion 
 

The practical value of the monitoring program is in its ability to inform urban planning 

and conservation management. Observing and documenting the status of native 

species and species diversity in the Toronto region is a valuable initial step. 

Investigation of patterns, differences, trends and relationships and interpretation of 

these, through the lens of the current state of ecological knowledge, underlies the 

ability to produce useful recommendations for enhancement of ecosystem condition at 
the current point in time. 

 

Species richness scores for both the total indicator group and the selected subgroups 

are reported on a 0 - 100 scale. A score of 100 would occur if all of the indicator 

species were present on the site in the period under analysis, not an expected 

situation.  A mean score of 100 for the region, a land use zone, a watershed, or a time 

period could only occur where all affected sites recorded all of the indicators, an 

extremely unlikely scenario, not expected even in a totally natural "pristine" ecosystem 
due to natural variability across space and time.  Since the native species selected as 

indicators were once common, and well distributed  in the region, a site score of 0, 

reflecting the absence of all indicators, or a mean score at, or approaching, 0 would 

similarly be unexpected, and if recorded, a cause for alarm. 

 

It is not possible to state what specific SR score, mean value, or range of values reflects 

a pristine condition, since such a condition does not exist to measure.  The scores are, 

however, highly useful in a relative sense. They provide an objective and practical 
method for comparing sites, land use zones, watersheds, or time periods. The best 

score achieved by any site could be considered a benchmark to work towards when 

enhancing habitat for species on other lands in the region.  The best site's score cannot 

be considered a maximum however. Direct observation of impacts on that site might 

reveal management actions that could be applied to better its richness score over time. 

 

The regional native indicator mean species richness total score was 30.  This value is 

just half of the maximum site score of 61, highlighting the extent to which common 
native species have been lost from our natural cover over an extended period of time. 

The species monitored were previously common and well distributed in the region, and 

all are present here today.  Yet, on average, the Toronto region's existing natural areas 

have lost much of their ability to support quite a number of them. From a habitat 

perspective, the forest and wetland guilds both had scores higher than the total score. 

This reflects both the limited meadow habitat in the region, and a lower species 

diversity in the remaining meadows. The amphibian SR scores and SOCC SR scores, 

which both recorded 0 at some sites, show us which species/groups have been most 
affected. Understanding the reasons why provides an ability to make practical 

recommendations for enhancing species diversity.  
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The highest total indicator SR score of 61 occurred on a rural zone site that has seen 
considerable change. Three decades ago, it was primarily forest. It has experienced 

forestry resource extraction, tree-planting and subsequently, a large wetland restoration 

project. The monitoring program began after these changes had occurred, and so it is 

not possible to measure their influence on species diversity. However the fact that it 

scored much higher than other conservation lands of a similar size in the rural zone 

suggests that the wetland restoration may have been very successful in enhancing 

diversity. Another difference between this location and other large conservation parcels 
in the rural zone, however, is the limited extent to which it is used by people today. 

There are no formal trails, and the wetland abuts the road, such that accessing the 

forest behind requires getting wet, a simple fact that deters the kind of unauthorized 

use that might otherwise occur (based on experience from other conservation lands). 

However, the formerly unpaved road, which had low traffic volume and a low speed 

limit was paved in 2004. Since that time volunteers have made observation comments 

with respect to both increasing volume of traffic and greatly increased speed, which 

may be increasing impacts such as road mortality and road salt input to the wetland. 
All are points to consider during site-level planning of restoration. If spatial arrangement 

can limit access to sensitive areas better than fencing or signage, there will be 

advantages for both conservation and management cost. However any negative impact 

of the surroundings that is not mitigated may lead to deterioration of the site, eventually 

defeating the purpose of the work. 

 

Species very rarely encountered in the surveys included several of the fauna; 

porcupine, ruffed grouse, Western chorus frog, bullfrog, bobolink and Eastern 
meadowlark are examples (scientific names are in table 3 and Appendix A). Fauna 

species richness scored lower than total indicator richness with a mean of 21, while the 

Species of Conservation Concern group was lower still at 18. These reduced SR scores 

reflect the impacts that native species suffer as areas adjacent to their habitats are 

converted during the process of human activity, impacts above and beyond the simple 

removal of habitat. Urbanization brings with it the most significant impacts, but even 

rural land use negatively affects species beyond the boundaries in which the use takes 

place, the fauna to a greater degree than flora, and the SOCC species to the greatest 
extent. 

 

While it is not surprising that natural lands within the urban zone scored lower on 

average than those in the rural zone (mean total SR score 23 versus 35), the magnitude 

of the difference was striking, and raises a question with respect to what practical 

approaches can enhance urban zone richness, beyond simply conserving some 

natural habitat when development occurs. The analysis was not able to discern 

whether richness is continuing to decline, on the basis of the 10-year dataset and at the 
resolution (power) of the protocols used. It may be. However, it is also possible that a 

pre-existing rate of biodiversity decline has slowed as protection has increased for the 

remaining natural cover in the region. Furber and Yan (2012) studied changes in 
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natural cover tied to Greater Toronto Area land use change over a period longer than 
that covered by the TVMP, i.e. 1985 to 2005. They noted significant reduction in total 

natural cover as well as increasing fragmentation, as opposed to the insignificant 

change the current study records from 1999 through 2007-2008. If the rate of decline in 

natural cover has slowed, we would similarly predict a reduction in the rate of 

biodiversity loss. More time will be needed to verify if such is the case.  

 

The difference between the urban and rural zone was even greater when judged on 
regional Species of Conservation Concern richness, where the urban average was 9, 

the rural close to triple that at 25. This result is in agreement with the observations 

made by TRCA biologists in the course of annual biological inventory surveys over the 

past three decades. They noted the species impoverishment in natural areas located 

within an urban context, as compared to the rural. It was, in fact, this observation that 

led first to the designation of the regional Species of Conservation Concern and 

subsequently to the development of the species and vegetation community ranking 

and scoring methodology (TRCA 2011a). The scoring process elucidates the reasons 
behind the observed differences for individual species, and highlights commonalities 

among species with respect to impacts to which they are sensitive. The TVM SR scores 

go a step further to combine this information with data on the presence and absence of 

selected indicator species, providing evidence for the magnitude of the difference. The 

map in figure 16 illustrates the distribution of mean SOCC SR scores across the region. 

Not surprisingly, all but one of the sites scoring 10 or lower were urban. However, also 

interesting is the generally lower scores in the northeastern portions of the jurisdiction, 

as compared to the northwestern, even though both are in the rural zone, both are on 
the Oak Ridges moraine and both have large areas of natural cover (Figure 2).  Sites in 

the northeast are drier, with less wetland area than the northwestern sites, and much of 

the natural cover in this part of the jurisdiction is in the form of red pine plantation 

forests.  White pine and mixed forests had been native, but were cleared following 

European settlement for forestry and agriculture.  The sandy morainal soils were 

unable to sustain agriculture beyond a very short term. Consequently, fields were 

abandoned, and with ongoing drought conditions, soils became eroded by wind and 

left denuded of vegetation.  The red pines were planted over multiple decades 
beginning with the passage of the Counties Reforestation Act in 1921, and continuing 

to the 1970's, in order to stabilize and restore the seriously degraded soils. The 

reforestation program was successful in stabilizing the soils, but these forests are still 

far different from the native forests that existed prior to clearing, and they continue to 

exhibit overall lower diversity than natural forests. In the northwestern portion of the 

jurisdiction, the Oak Ridges moraine and the Niagara escarpment meet, the latter 

providing a natural habitat connection that may allow populations of various species 

from outside the jurisdiction to disperse to habitats within it.  Combined, these factors 
are the likely explanation for the observed difference in SOCC richness. 
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Table 8 highlights the ratio of urban species richness to rural species richness for each 
of the species groups studied, as well as the ratio of the subgroup SR scores to the 

total native indicator score. These ratios are valuable as benchmarks for land managers 

wishing to achieve better than average species richness on their lands. They apply 

specifically to presence-absence data for the selected indicator species and groups, 

however. Analysis of TRCA biological inventory data has shown an even greater drop in 

SOCC richness in the urban zone versus the rural when abundance was taken into 

account and all of the SOCC species inventoried (vascular plants, amphibians, and 
birds) over a 7-year period were included. The richness of Species of Conservation 

Concern in the urban zone was just one-third of that in the rural zone in this case 

(TRCA, unpublished data). 

 
 
Table 8:   Indicator species richness scores for the Toronto region, highlighting the magnitude 

of the difference between fauna group scores and total indicator score and between 
 the urban and rural zone. The latter ratios, expressed as percentages, are useful as 

benchmarks for improvement/comparison. 
 

 

 

The forest and wetland habitat guild scores and ratios summarized in table 9 are 

similarly useful in the situation where a site being evaluated contains just one of these 

habitat types. 

 
 
Table 9:  Forest and wetland guild SR scores for the Toronto region, highlighting the magnitude 
 of the difference between guild scores and total indicator score and between the urban and 

rural zone. The latter ratios, expressed as percentages, are useful as benchmarks for 
improvement/comparison. 

 

   

 
 

 

  
  

Rural Urban 
Total 
SR 

Fauna 
SR 

Avian 
SR 

Amphibian 
SR 

SOCC 
SR 

Total 
SR 

Fauna 
SR 

Avian 
SR 

Amphibian 
SR 

SOCC 
SR 

Mean Total 
SR Score 34.1 26.8 25.3 29.2 24.8 22.7 12.8 16.0 8.4 9.4 

Ratio of group SR 
to Total SR 79% 74% 86% 73%   56% 70% 37% 41% 

Ratio of urban SR to rural SR 67% 48% 63% 29% 38% 

  
  

Rural Urban 
Total 
SR 

Forest 
SR 

Wetland 
SR 

Total 
SR 

Forest 
SR 

Wetland 
SR 

Mean Total SR Score 34.1 48.7 25.2 22.7 29.0 10.9 

Ratio of guild SR to Total SR 143% 74%   128% 48% 

Ratio of urban SR to rural SR 67% 60% 43% 
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Figure 16:  Species of Conservation Concern mean richness scores for the 2003 - 2012 period by TVMP site
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Differences in biodiversity among watersheds appear to be primarily a result of their 
differing proportions of urban, rural and natural land, rather than any underlying 

physiographic or ecological differences, at least in their current condition at this point in 

their history. It is very possible, even likely, that prior to losses of some number of 

sensitive, specialist species, there were differences in the assemblages of species, 

watershed to watershed.  

 

For the Don and Humber watersheds, where the magnitude of difference in total SR 
score was statistically significant, the proportion of urban land use is also very different, 

with the Don at 96% urban versus the Humber at 33%. All of the 8 TVM sites in the Don 

are located in the urban zone. Of the 19 sites in the Humber, 11 are in the rural zone, 3 

are in the urbanizing zone, and 5 are urban. 

 

The lack of evidence for a threshold level of natural cover at which continued reduction 

results in a precipitous drop in native indicator species richness is in agreement with 

earlier work, including species modelling that investigated this question (Fahrig 2001). 
While thresholds for individual species are predicted, the habitat land cover values at 

which extirpation becomes much more likely range widely by species. Thus, species 

richness tends to decline continuously as the proportion of habitat declines, and one 

after another species is lost. 

 

It is interesting that the proportion of urbanization in the watershed was a stronger 

negative predictor of species richness, than the proportion of natural cover was a 

positive one (Figures 5 & 6), especially considering the strong overall concordance of 
area of natural cover with species richness score in the regression analyses and 

models.  

 

The comparison of the SR scores for urban sites having the largest areas of natural 

cover within 2 km, with rural sites on the most closely similar natural cover areas (Table 

4), further demonstrates the reduced biodiversity related to urban impacts beyond 

habitat loss and fragmentation. Neither habitat size nor fragmentation differed 

significantly between the urban and rural zone sets compared, yet SR scores were 
significantly lower in the urban zone. 

 

We are reminded that the presence of natural cover, such as a forest, within an urban 

area, does not guarantee the presence of a functioning, healthy natural community. 

Negative urban influences exerted by the surroundings must be minimized in order to 

maximize the potential for such habitat to support a community of native species. The 

size of the habitat is important to urban zone forests, as the top ranking best fit model 

demonstrates (Table 7c), and this is, in part, due to the reduction of urban influences 
with distance from the edge, and/or the continued existence of some areas with limited 

accessibility to people. 
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The history of urban planning in the region demonstrates an increased understanding 
over time of the importance of conserving some natural lands as urbanization occurs. 

We can see this played out on the landscape as an increased quantity of natural cover 

remains in more recently developed areas as compared to core urban land developed 

long ago. A critical point to address in order to progress further with respect to 

conservation however, is the quality question. Biodiversity indices, such as the species 

richness scores presented here, provide a way to measure quality that adds a level of 

detail over that provided by the landscape models used in the development of the 
TRCA Terrestrial Natural Heritage System Strategy (TRCA 2007a). When used in 

conjunction with the landscape models they offer an excellent method for determining 

how well the quality of natural areas is preserved.  

 

The landscape effects having the highest predictive value in the best-fit models for SR 

score presented herein can guide practical approaches towards enhancing natural 

area quality. These results are in agreement with ecological theory as well as an 

abundance of earlier landscape ecology work (e.g. Wu and Louks, 1995, Findlay and 
Houlahan, 1997, Austen et al., 2001, Wu and Hobbs, 2002, TRCA 2007c). The TVMP 

data offers local empirical support for the importance of maintaining sizeable parcels of 

natural land across the landscape along with connections between them to support 

biodiversity and healthy functioning of the ecosystem. It can be difficult to assess the 

optimum balance between the size and number of connected patches in a general or 

theoretical sense. However in the local regional context, where limited natural cover 

remains, that question is in effect answered by affording protection to all remaining 

parcels of high quality natural cover, and maintaining or establishing natural  
connections between them. Quality may be assessed through one or more of:  

 

a) the presence of Regional Species of Conservation Concern as determined by  TRCA 

 staff inventories, 

b) total patch score from the TNHSS landscape analysis, and 

c) native species biodiversity, as evaluated through the TVM indicator species richness 

 scores 

 
As the monitoring results demonstrate, a further critical step is to manage the use of 

natural lands by people, and to minimize human and development impacts, in order to 

enhance their quality as a functioning ecosystem. Some examples of the impacts of 

concern are: changed hydrology (too little, too much, changed timing of availability, or 

too variable a water supply), reduced water quality (road salt, phosphate, pesticides, 

herbicides etc.), noise pollution (not only from visitors to natural lands, but also 

industrial and transportation noise from the surroundings), introduction of invasive 

species, road mortality for sensitive species, free-roaming cats and off-leash dogs 
(subsidized predation as described in Blancher et al. 2013, and increased stress to 

sensitive native species), physical destruction by off-road vehicles and bicycling 

accoutrements, dumping and other encroachment, and vandalism. 
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These concepts are important to consider when planning recreational uses for natural 

areas. Recognizing that demand for such recreation is high, a planning process that 

quarantines it to the least sensitive areas, and especially to edges may be helpful in 

minimizing its negative effects. Actively managing the types of recreation permitted in 

order to limit disturbance of vegetation, noise, movement off-trail, incursion of invasive 

plant seeds and other known impacts is critical if the remaining natural cover in the 

urban and currently urbanizing zone is not to decline further in condition and natural 
value. 

 

The conceptual model in Appendix D summarizes the known and hypothesized 

impacts of urban development on natural areas, highlighting the mechanisms of 

impact, the type and direction of resulting change, the effect on ecosystem condition, 

and the feasibility of reversing this result. Many effects, once established, are extremely 

difficult if not impossible to reverse, which highlights the importance of understanding 

them in advance and planning appropriately to eliminate, or at least to minimize them. 
The Economics of Ecosystems and Biodiversity (TEEB), an organization studying this 

subject from both a global and regional perspective, has published a series of 

informative reports. One of these highlights specific local and regional policy and 

management recommendations to reduce the impact of urbanization on biodiversity 

(Witmer et al. 2011), while another focuses on water and wetlands (Russi et al. 2013). 

Alberti and Waddell (2000) and Alberti (2005, 2010) discuss urban impacts on 

ecosystem function in the context of efforts to sustain the natural services that healthy 

ecosystems provide to human residents, as do publications from the Baltimore 
ecosystem study (e.g. Cadenasso et al. 2008). Ditchkoff et al. (2006) consider the novel 

stresses experienced by wildlife as they attempt to survive and reproduce in urban 

areas. Venter et al. (2006) summarize threats to endangered species in Canada, and 

Machtans et al. (2013) conducted a first estimate of the number of birds killed by 

colliding with building windows in Canada. These authors ideas are incorporated into 

the urban impacts model. 

 

While species richness for fauna, birds, SOCC and the wetland habitat guild regionally 
were negatively correlated with severity of invasion score, the total indicator group was 

not significantly so, and the relationship did not hold within the land use zones. This 

suggests that while invasive plants do have a negative impact, this effect may be 

overshadowed by more serious issues to flora and fauna such as those described 

above. 

 

The higher magnitude of difference in SR score between the rural and urban zone for 

the amphibian group over all others, with the urban zone score at just 30% of the rural 
reflects the increased sensitivity of this group to urban influences. Certainly habitat 

connectivity is very important for this group, most of the species having a seasonal 

migration to and from breeding ponds, in addition to the dispersal movements of 
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young of the year. Road-crossing mortality is a well-known issue for such species (e.g. 
Fahrig et al., 1995, Ashley and Robinson, 1996). Roads are a further, and possibly even 

more serious, threat through the application of road salt. An established environmental 

toxin (Environment Canada, 2001), increased salt concentration in water is not well 

tolerated by amphibians, since they have permeable skins, and lack effective 

adaptation to protect their internal organs from excess salt. Their sensitivity to road-salt 

contamination has been established in toxicity testing (e.g. Bentley et al. 1971, Sanzo 

and Hecnar 2006) and is recognized in the Canadian water quality guidelines for the 
protection of aquatic life (Canadian Council of Ministers of the Environment 2011). 

Amphibians are fresh-water and terrestrial species; they do not inhabit natural salt-

water marshes. Recently published work from the TRCA aquatic monitoring group has 

highlighted the condition of the Toronto region's rivers with reference to the Walsh et al. 
(2005) "urban stream syndrome" (Wallace et al. 2013). One characteristic of this 

syndrome is elevated chloride concentrations in naturally fresh waters. The excess over 

naturally occurring levels is primarily a result of road salts, specifically sodium chloride 

(NaCl) and calcium chloride (CaCl2) which dissolve in runoff and are carried to the 
streams and rivers. In the Toronto region's rivers, mean chloride levels are elevated and 

they increase as road density increases (Wallace et al. 2013). Chloride values at 12 

Toronto region river mouth stations generally increased over the multiple decades that 

they have been monitored, with statistically significant increases observed at 7 stations 

(TRCA 2011b). The highest single measurement of 18,200 mg/L, was very close to the 

level in seawater, which is approximated at 19,250 mg/L in the guidelines (Canadian 

Council of Ministers of the Environment 2011). Chloride has not been measured in 

regional natural wetlands to date, but certainly many of the wetlands that serve as 
breeding habitat for amphibians are as exposed to road salt as are the rivers and 

streams. Vernal pools in a forest are likely less exposed, but are also less available in 

the urban zone where forests are drier in the spring, since the urban heat island effect 

reduces snow cover and spring snow melt. Thus it is not surprising that amphibian 

species richness is impoverished in the urban context relative to the rural. 

 

Birds are often used as indicators for the condition of habitat patches on the landscape 

in research and monitoring work. Several studies have investigated avian richness and 
community composition along a rural-urban gradient to understand whether and how 

both richness and composition change in response to urban influences on avian 

habitat (Melles et al. 2003, Leveau 2013 and others). The avian class has a large 

number of extant species representative of a wide variety of habitats, including habitats 

that have been largely converted to human use, and there are both biologists and 

amateur volunteer birders able to successfully apply standardized protocols to census 

them. The current study, however, records them as a less sensitive group with respect 

to urban impacts than the total fauna, the amphibian or the SOCC guild. This is the 
case even though the SR scoring method weights each species' contribution to the SR 

score according to its known habitat needs and sensitivity to the impacts of interest. 

This result suggests that caution should be used in how bird survey results are 
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interpreted, particularly when a weighting method such as this is not applied. Flight 
confers a unique degree of mobility, such that birds are not representative of 

vertebrates in general. They are better able to adjust to some degree when habitat is 

lost, and to escape impacts that other vertebrate species may not.  They are less 

impacted by roads. The composition of the avian community at a location provides 

valuable information when it is supported by knowledge of individual species nesting 

and other habitat and food requirements, along with impacts to which they are 

sensitive. It may be used to understand underlying characteristics such as vegetation, 
and possibly insect abundance. However comparisons should not be made on the 

basis of simple species richness, nor on indices that incorporate abundance and/or 

evenness, but do not differentiate between species with very different needs and 

sensitivities. The status of the avian community should not be extrapolated to other 

vertebrates. Monitoring of both birds and amphibians, as some programs do, is helpful 

in capturing a greater range of sensitivity, and provides for more useful comparisons 

between sites, landscape patches or larger landscapes. 

 
 

6.0   Conclusion 
 

The TVM indicator SR score and the various component guild SR scores are useful, 

information rich indices for the condition of the terrestrial natural cover in the Toronto 

region. The highest value indices for monitoring are the indicator fauna SR score, 

and/or the SOCC SR score. Together they provide a strong indication of habitat quality 

for both plants and animals. The values for the indices presented herein are valuable 
reference points for comparison and may be used as benchmarks to surpass by those 

undertaking efforts to improve habitat quality and species biodiversity on natural lands 

under management.  

 

Restoration work is directed towards increasing habitat area, adding habitat diversity, 

removing invasive species, and managing/reducing human activity. It is critical to 

determine the degree of success of that work. Success may be evaluated on the basis 

of increasing species diversity and increasing representation by SOCC. The TVM 
monitoring protocols and the resulting values for these indices provide a practical 

method for carrying out such evaluations. The TVM program accomplishes this at the 

regional, urbanization zone, and the larger watershed scales. At a smaller scale, SR 

scores can be compared to established results for the larger scale to estimate relative 

biodiversity/ecosystem condition, and also tracked over time to measure progress 

toward a conservation goal. For sites or projects that contain forest or wetland habitat 

alone, the corresponding habitat SR scores summarized in table 9 will be more useful 

reference values.  
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The landscape metrics that were included in the best fit models are characteristics to 
optimize in order to maximize ecosystem health and species diversity, i.e. by 

maximizing overall natural cover area as well as wetland area. While minimizing road 

density may not be practical in urban zones, measures to reduce the impact of roads 

on adjacent habitat are, particularly when such measures are a part of the planning 

process. The Ontario Road Ecology Group (OREG 2013) is one resource for 

information on this. To date, the group's focus has been primarily directed towards 

research and methods that reduce direct road mortality, a focus that may widen as 
participation in the group expands. 

 

Road salt is a serious issue when it is carried beyond targeted application areas into 

streams and wetlands. An expanded focus on the enhancement of methods to 

minimize winter application, to contain salt within intended use areas, and to recapture 

the excess following application and before it can enter natural systems in the spring, is 

recommended. 

 
When initiated in 2001, the TVMP took a unique approach to the long-term monitoring 

of ecosystem condition in the TRCA jurisdiction. In addition to its cost effectiveness for 

the monitoring program, engaging volunteers was seen to offer advantages to citizens, 

especially students of ecology, by providing career-building field experience and 

knowledge. The protocols were designed with forethought to enhance the value of 

volunteer-collected data. Examples include the requirement for training prior to any 

survey being completed, the selection of species and observation methods to 

maximize the reliability of the data recorded by novice observers, and the data 
recording, review and verification processes. The results from the first decade validate 

the study design, while highly positive volunteer feedback confirms the program's 

success with respect to the second objective. Several volunteers have progressed to 

employment in the ecological field and have cited their TVMP experience as 

contributing to their advancement, while others who participate for personal interest, 

rather than a career aspiration, similarly cite the value of the knowledge they have 

gained. Certainly TRCA continues to benefit from the commitment of both the 

volunteers and the property owners who welcome them on their lands to conduct the 
monitoring surveys. We sincerely appreciate their continuing partnership in this 

valuable effort. 

 

During the first decade, minor modifications were made to the TVMP protocols as 

ongoing results were reviewed. For example, a change to the observation method for 

mink was implemented, upon recognition of the fact that finding an individual to record 

it as present was difficult and was likely leading to under-representation for this species 

in the data. Volunteers were taught how to find and recognize mink trails in snow, how 
to distinguish them from other mammal, especially other weasel, trails and how to 

measure tracks and trails to verify their identifications. In addition, volunteers submit 

photos with measurements when mink trails are recorded. This enhancement has 
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allowed for records of verified mink trails to be captured as mink presence on a site 
since 2009. Another change, effective the same year, was the addition of the invasive 

plant monitoring protocols mentioned earlier in this report. Coincident with this revision 

some native plant species were removed as indicators, in part to ensure that the survey 

effort for the affected surveys was not too onerous. The native plants removed were 

species that had proven to be very difficult to find, or to identify accurately, or that had 

become target species for restoration plantings, reducing their value as monitoring 

indicators. Previous presence data for these species is not included in any SR scoring 
or analysis. 

 

As a long-tem monitoring program for the region, TVMP data collection and analysis 

continues. Periodic reporting includes a summary contained in each of the Watershed 

Monitoring and Reporting Annual Progress Reports, in addition to program specific 

reports at five-year intervals. All reports are publicly available through the TRCA website 

www.trca.on.ca. Customized reports for individual landowners are also available, on 

request.  The latter are not published documents. 

 

7.0   References 
 

Alberti, M.  2010.  Maintaining ecological integrity and sustaining ecosystem function in 
urban areas. Current Opinion in Environmental Sustainability 2010, 2:178–184 

 

Alberti, M.  2005.  The effects of urban patterns on ecosystem function. International 

Regional Science Review 28, 2 
 

Alberti, M. and Waddell. 2000. An integrated urban development and ecological 
simulation model.  Integrated Assessment 1: 215 - 227 

 

Ashley, E.P. and J.T. Robinson. 1996.  Road mortality of amphibians, reptiles and other 
wildlife on the Long Point Causeway, Lake Erie, Ontario. Canadian Field-

Naturalist 110(3):403–412. 
 

Austen, M., C. M. Francis, D. M. Burke and M. S. W. Bradstreet. 2001. Landscape 

context and  fragmentation effects on forest birds in Southern Ontario. The 
Condor 103:701–714 

 

Bentley, P., K. Schmidt-Nielson. 1971.  Acute effects of sea water on frogs (Rana 
pipiens). Comparative Biochemistry and Physiology A 40:517-548 

 



Terrestrial biodiversity in the Toronto region 2003 - 2012:  A decade of  
 monitoring under the Terrestrial Volunteer Monitoring Program 

        

December 2013                                                   

   
57 

Blancher, P. J. 2013.  Estimated number of birds killed by house cats (Felis catus) in 
Canada.  Avian Conservation and Ecology 8(2): 3 

Cadenasso, M., S. Pickett, and M. Grove. 2006. Integrative approaches to investigating 
human-natural systems: the Baltimore ecosystem study. Natures Sciences 

Societes 14:4-14 

 

Cooper, A., J. Millspaugh, and R. Gitzen (Eds.)  2012.  Design and Analysis of Long-
term Ecological Monitoring Studies.  Cambridge University Press 

 

Cummings, H., S. Megens and D. Murray.  2010.  Overview of the Agriculture Sector in 
the Ontario Greenbelt and Comparison to the Rest of Ontario. School of 

Environmental Design and Rural Development, University of Guelph  
http://www.hcaconsulting.ca/LinkClick.aspx?fileticket=SBB73wtMeKM%3D&tabid=83  

 

Ditchkoff, S., S. Saalfield and C. Gibson. 2006.  Animal behaviour in urban ecosystems: 
Modifications due to human-induced stress.  Urban Ecosystems: 9 

 

Environment Canada. 2001. Canadian Environmental Protection Act 1999. Priority 
 substance list assessment report - Road Salts. Environment Canada, Hull, 

 Quebec 

 

Fahrig, L.  2001. How much habitat is enough? Biological Conservation 100:65-74 

   

Fahrig, L., J. H. Pedlar, S. E. Pope, P. D. Taylor, and J. F. Wegner. 1995.  Effect of road 
traffic  on amphibian density. Biological Conservation 73: 177-182  

 

Fancy, S., and R. Bennets. 2013. Institutionalizing an effective long-term monitoring 
program in the US National Park Service. In: Gitzen et al. (Eds.) Design and 

Analysis of Long-term Ecological Monitoring Studies. Cambridge University 

Press 

 

Findlay, C.S. and J. Houlahan. 1997. Anthropogenic correlates of species richness in 
southeastern Ontario wetlands. Conservation Biology 11:1000–1009. 

 

Furber, D. and Y. Ban. 2012. Satellite Monitoring of Urban Sprawl and Assessment of its 
Potential Environmental Impact in the Greater Toronto Area Between 1985 and 
2005. Environmental Management 50(6): 1068-1088 

 

Holthausen, R., R. Czaplewski, D. DeLorenzo, G. Hayward, W. Kessler, P. Manley, K. 

McKelvey, D. Powell, L. Ruggerio, M. Schwartz, B. Van Horne, D. Vojta. 2005. 
Strategies for Monitoring Terrestrial Animals and Habitats. U. S. Department of 

Agriculture Forest Service. General Technical Report RMRS-GTR-161. 

 



Terrestrial biodiversity in the Toronto region 2003 - 2012:  A decade of  
 monitoring under the Terrestrial Volunteer Monitoring Program 

        

December 2013                                                   

   
58 

Hutcheson, J., P. Walsh and D. Given. 1999.  Potential value of indicator species for 
conservation and management of New Zealand Terrestrial Communities. Science 

for Conservation:109, Department of Conservation, Wellington, New Zealand. 

www.doc.govt.nz/upload/document/science-and-technical/Sfc109.pdf  

 

Leaveau, L.  2013.  Bird traits in urban–rural gradients: how many functional groups are 
there? Journal of Ornithology 154 (3) 

 
Machtans, C., C. Wedeles, E. Bayne. 2013.  A First Estimate for Canada of the Number 

of Birds Killed by Colliding with Building Windows. Avian Conservation and 

Ecology 8, (2) : 6 

 

Melles, S., S. Glenn, and K. Martin. 2003. Urban bird diversity and landscape 
complexity: Species–environment associations along a multiscale habitat 
gradient. Conservation Ecology 7(1): 5. www.consecol.org/vol7/iss1/art5 

  
Ontario Road Ecology Group (OREG). 2013.  Website  

http://www.torontozoo.com/conservation/RoadEcologyGroup.asp  

 

Russi D., P. ten Brink, A. Farmer, T. Badura, D. Coates, J. Förster, R. Kumar and N. 

Davidson. 2013.  The Economics of Ecosystems and Biodiversity for Water and 
Wetlands. IEEP, London and Brussels; Ramsar Secretariat, Gland. 

 

Sanzo, D.,  S., S. Hecnar. 2006.  Effects of road de-icing salt (NaCl) on larval wood 
frogs (Rana sylvatica). Environmental Pollution 140 (2) 

 

SAS Institute.  2007.  JMP Statistics and Graphics Guide, Release 7.  SAS Institute Inc., 

Cary, NC, USA 

 

TRCA. 2007a. The Terrestrial Natural Heritage System Strategy. Toronto and Region 

Conservation Authority http://www.trca.on.ca/dotAsset/26746.pdf  

 
TRCA. 2007b. Setting Terrestrial Natural Heritage System Targets. Toronto and Region 

Conservation Authority  http://www.trca.on.ca/dotAsset/26732.pdf 

 

TRCA. 2007c. Evaluating and Designing Terrestrial Natural Heritage Systems. Toronto 

and Region Conservation Authority http://www.trca.on.ca/dotAsset/26734.pdf  
 

TRCA. 2008a. Terrestrial Volunteer Monitoring Program Results 2002-2007. Toronto and 

Region Conservation Authority http://www.trca.on.ca/dotAsset/17217.pdf  

 
TRCA. 2008b. Terrestrial Volunteer Monitoring Program Volunteer Manual. Toronto and 

Region Conservation Authority 



Terrestrial biodiversity in the Toronto region 2003 - 2012:  A decade of  
 monitoring under the Terrestrial Volunteer Monitoring Program 

        

December 2013                                                   

   
59 

 
TRCA. 2011a. Vegetation Community and Species Ranking and Scoring method. 

Toronto and Region Conservation Authority www.trca.on.ca/dotAsset/26728.pdf  

 

TRCA. 2011b. Surface Water Quality 2010.  Toronto and Region Conservation Authority 

 

TRCA. 2012. Severity of Invasion by Invasive Plant Indicators at Terrestrial Volunteer 
Monitoring Program Sites 2009 - 2011. www.trca.on.ca/dotAsset/143824.pdf  

 

TRCA. 2013. Terrestrial Volunteer Monitoring Program Spring, Summer, Fall and Winter 

Training Presentations www.trcavolunteerdata.ca 

 

Venter, O., N. Brodeur, L. Nemiroff, B. Belland, I. Dolinsek, J. Grant. 2006.  Threats to 
Endangered Species in Canada. Bioscience 56:11 

 

Wallace, A., M. Croft-White, J. Moryk.  2013. Are Toronto’s Streams Sick? A Look at the 
Fish and Benthic Invertebrate Communities in the Toronto Region in relation to 
the Urban Stream Syndrome. Environmental Monitoring and Assessment 185:9  

 

Walsh, C., A. Roy, J. Feminella, P. Cottingham, P. Groffman, R. Morgan. 2005. The 
urban stream syndrome: current knowledge and the search for a cure. J. N. Am. 

Benthol. Soc. 24:690 - 705 

 

Wittmer, H., A. Berghöfer, J.Förster, K. Almack. 2011. TEEB in Local Policy: The 
Economics of Ecosystems and Biodiversity in Local and Regional Policy and 
Management.  Earthscan, London.  www.teeb.org 

 

Wu, J. and R. Hobbs. 2002.  Key issues and research priorities in landscape ecology: 
An idiosyncratic synthesis. Landscape Ecology 17:4 

 

Wu, J. and O. Loucks. 1995.  From Balance of Nature to Hierarchical Patch Dynamics: A 
Paradigm Shift in Ecology. The Quarterly Review of Biology. Vol. 70, No. 4 

 

Zavitz, E. J.  1960. Fifty years of reforestation in Ontario. Ontario Department of Lands 

and Forests, Toronto.  

 



Terrestrial biodiversity in the Toronto region 2003 - 2012:  A decade of  
 monitoring under the Terrestrial Volunteer Monitoring Program 

        

December 2013                                                   

    
60 

Appendix A:  TRCA Scores and Ranks for Terrestrial Volunteer Monitoring Program Indicator Species 

TRCA INDICATOR FAUNA 2012 SCORES & RANKS 

LO PTn  PTt  HD  AS  PI  SD AP 
Total       
Score a L Rank Common Name Scientific Name 

American toad Anaxyrus americanus 0 3 2 1 4 0 4 0 14 L4 

American woodcock Scolopax minor 0 2 3 3 2 2 4 0 16 L3 

bobolink Dolichonyx oryzivorus 0 3 3 3 1 1 5 1 17 L3 

bullfrog Lithobates catesbeiana 3 3 2 2 4 2 5 1 22 L2 

eastern chipmunk Tamias striatus 0 2 2 2 3 1 3 0 13 L4 

eastern meadowlark Sturnella magna 0 2 2 2 3 1 3 0 13 L4 

eastern screech-owl Megascops asio 0 2 2 1 2 3 3 0 13 L4 

eastern wood-pewee Contopus virens 0 4 2 2 1 1 3 0 13 L4 

green heron Butorides virescens 0 3 2 2 1 2 4 0 14 L4 

green frog Lithobates clamitans 0 2 2 1 3 1 4 0 13 L4 

grey treefrog Hyla versicolor 0 3 3 3 4 2 5 1 21 L2 

mink Mustela vison 1 2 2 3 3 0 3 0 14 L4 

northern leopard frog Lithobates pipiens 0 3 2 1 4 2 5 1 18 L3 

northern spring peeper Pseudacris c. crucifer 1  2  3  3  3  2  5  1  20  L2 

ovenbird Seiurus aurocapillus 0 2 3 4 2 4 4 0 19 L3 

pileated woodpecker Dryocopus pileatus 0 2 2 4 1 3 3 0 15 L3 

porcupine Erethizon dorsatum 3  2  3  3  4  2  4  0  21  L2 

ruffed grouse Bonasa umbellus 1 3 3 3 2 2 5 1 20 L2 

savannah sparrow Passerculus sandwichensis 0 3 2 1 1 1 4 0 12 L4 

scarlet tanager Piranga olivacea 0 2 2 4 1 3 4 0 16 L3 

western chorus frog Pseudacris triseriata 3 3 3 2 4 3 5 1 24 L2 

swamp sparrow Melospiza georgiana 0 1 2 1 2 1 5 1 13 L4 

Virginia rail Rallus limicola 0 2 2 2 3 3 4 0 16 L3 

wood duck Aix sponsa 0 2 1 3 2 2 4 0 14 L4 b 

wood frog Lithobates sylvatica 0 2 3 3 4 3 5 1 21 L2 
 

LO - Local Occurrence,   PTn - continental population trend,   PTt - population trend  TRCA jurisdiction,   HD - habitat dependence,  AS - area 

sensitivity,   PI - patch isolation sensitivity,   SD - sensitivity to development,   AP - additional points 
a For species recorded as present on a site, the total score is the value that species contributes to the SR score calculation 
b A score update during 2012 decreased the wood duck total score by 1 point, resulting in a change from L3 to L4. This species was an 
 SOCC during the monitoring period and was included in that group for the analysis. 
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TRCA INDICATOR FLORA 2012 SCORES & RANKS   

LO PTn HD SD Total 

Score a 

L 

Rank  

Common Name Scientific name 

    1-5 1-5 0-5 0-5 

marsh marigold Caltha palustris 2 4 3 4 13 L4 

Jack-in-the-pulpit Arisaema triphyllum 1 3 2 3 9 L5 

narrow-leaved spring beauty Claytonia virginica 2 4 4 5 15 L3 

white trillium Trillium grandiflorum 1 3 4 5 13 L4 

foam-flower Tiarella cordifolia 1 3 3 4 11 L4 

star-flower Trientalis borealis 1 4 4 5 14 L3 

Michigan lily Lilium michiganense 1 4 3 5 13 L4 b 

turtlehead Chelone glabra 2 3 4 5 14 L3 

swamp milkweed Asclepias incarnata ssp. incarnata 2 3 4 4 13 L4 

spotted Joe-Pye weed Eutrochium m. maculatum 2 2 3 3 10 L5 

barber-pole bulrush Scirpus microcarpus 1 2 4 3 10 L5 

white oak Quercus alba  2 5 4 5 16 L3 

riverbank wild rye Elymus riparius 2 2 4 4 12 L4 

Christmas fern Polystichum acrostichoides 1 3 5 4 13 L4 b 

zig-zag goldenrod Solidago flexicaulis 2 1 3 2 8 L5 

winterberry Ilex verticillata 2 4 4 5 15 L3 

eastern hemlock Tsuga canadensis 1 4 3 5 13 L4 

white pine Pinus strobus 1 4 3 4 12 L4 

white cedar Thuja occidentalis 1 4 1 5 11 L4 

 
 LO - Local Occurrence,    PTn - continental population trend,     HD - habitat dependence,    SD - sensitivity to development 
 
a For species recorded as present on a site, the total score is the value that species contributes to the SR score calculation 
b An update during 2012 resulted in the Michigan lily and Christmas fern total scores decreasing 1 point, resulting in a change from  L3 

to L4 rank.  These species were SOCC during the monitoring period and were included in that group for the analysis.
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Appendix B:  Total indicator species richness scores and landscape characteristics for TVMP sites 
 

Site 

Total 
SR 
Score F

o
re
st
 

W
et
la
n
d
 

M
ea
d
o
w
 

Nat Cov 
in 500 m 
(ha) 

Nat Cov 
in 1 km 
(ha) 

Nat Cov 
in 2 km 
(ha) 

% cover 
in 500m 

% cover 
in 1km 

% cover 
in 2km 

Wetland 
in 500m 
(ha) 

Wetland 
in 1km 
(ha) 

Wetland 
in 2km 
(ha) 

Urb. 
Zone P

u
b
lic
 

A
cc
es
s 

Road 
density 
(km in 
2km) Watershed 

1 36.9 Y Y Y 60.8 143.9 693.7 77.5% 45.8% 55.2% 6.0 22.5 94.8 R N 21 Humber 

2 61.1 Y Y 
 

75.1 285.8 764.4 95.7% 91.0% 60.9% 11.7 56.9 124.7 R N 17 Humber 

3 39.3 Y Y Y 62.0 142.4 879.6 79.0% 45.3% 70.0% 0.0 0.2 7.5 R Y 19 Humber 

4 35.4 Y Y Y 77.1 263.6 991.5 98.2% 83.9% 78.9% 0.1 2.0 15.6 R N 17 Humber 

5 47.0 Y Y Y 74.4 237.9 963.0 94.8% 75.8% 76.7% 4.2 17.0 56.7 R Y 28 Humber 

7 29.7 Y Y Y 45.2 161.2 772.0 57.6% 51.3% 61.5% 0.0 2.9 36.5 R Y 18 Humber 

8 25.7 Y   Y 68.6 167.5 692.4 87.4% 53.3% 55.1% 0.0 0.0 4.6 U Y 69 Humber 

9 45.3 Y Y Y 78.4 242.5 972.9 99.9% 77.2% 77.5% 1.1 3.8 23.0 R N 14 Humber 

10 38.7 Y Y Y 63.5 174.4 632.3 80.9% 55.5% 50.3% 2.1 19.3 39.6 R Y 23 Humber 

11 46.4 Y Y Y 52.1 123.8 566.4 66.4% 39.4% 45.1% 0.8 2.5 17.4 R N 22 Humber 

13 32.7 Y   Y 38.3 84.5 195.5 48.8% 26.9% 15.6% 0.0 1.2 5.5 R N 17 Humber 

14 34.0 Y   Y 47.2 94.2 283.3 60.1% 30.0% 22.6% 0.0 0.0 13.6 R N 17 Humber 

15 26.9 Y Y Y 27.4 67.4 206.0 34.9% 21.5% 16.4% 2.2 2.5 7.7 R N 23 Humber 

16 47.0 Y Y Y 63.2 189.6 749.1 80.6% 60.4% 59.6% 0.0 1.5 7.0 Uz Y 38 Humber 

17 19.4 Y   Y 22.7 56.0 231.1 28.9% 17.8% 18.4% 0.0 0.2 3.1 R N 15 Etobicoke 

18 23.8 Y   Y 19.5 68.5 263.8 24.8% 21.8% 21.0% 0.0 0.1 1.0 R N 24 Etobicoke 

19 22.8 Y Y Y 50.7 106.5 310.1 64.6% 33.9% 24.7% 8.7 20.0 46.9 Uz Y 131 Etobicoke 

22 20.9 Y   Y 48.2 164.0 472.0 61.4% 52.2% 37.6% 0.2 1.7 4.2 Uz N 108 Humber 

24 23.0 Y   Y 42.6 107.4 300.6 54.2% 34.2% 23.9% 0.9 2.7 5.8 U Y 133 Humber 

25 20.8 Y Y Y 32.2 68.4 198.8 41.0% 21.8% 15.8% 2.7 2.7 2.7 U Y 158 Humber 

26 20.9 Y Y Y 56.5 135.1 258.2 71.9% 43.0% 20.6% 1.1 1.6 2.8 U Y 144 Etobicoke 
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Site 

Total 
SR 
Score  F

o
re
st
 

W
et
la
n
d
 

M
ea
d
o
w
 

Nat Cov 
in 500 m 
(ha) 

Nat Cov 
in 1 km 
(ha) 

Nat Cov 
in 2 km 
(ha) 

% cover 
in 500m 

% cover 
in 1km 

% cover 
in 2km 

Wetland 
in 500m 
(ha) 

Wetland 
in 1km 
(ha) 

Wetland 
in 2km 
(ha) 

Urb 
Zone P

u
b
lic
 A
cc
es
s Road 

densit
y (km 
in 

2km)  Watershed 

27 14.6 Y   Y 21.3 60.3 215.6 27.2% 19.2% 17.2% 0.0 0.0 0.5 U Y 210 Mimico 

28 30.6 Y   Y 37.6 64.1 224.1 47.9% 20.4% 17.8% 0.0 0.0 0.5 U Y 156 Humber 

29 19.7 Y     28.2 52.1 225.1 36.0% 16.6% 17.9% 0.0 0.0 2.6 U Y 205 Humber 

30 30.1 Y     36.9 90.4 144.9 47.0% 28.8% 11.5% 0.0 0.7 2.7 U Y 230 L. Ontario 

31 8.8 Y Y Y 13.9 25.2 204.6 17.6% 8.0% 16.3% 0.5 0.5 7.2 U Y 43 L. Ontario 

32 18.7 Y Y Y 41.2 121.6 296.3 52.5% 38.7% 23.6% 0.3 1.0 1.5 U Y 207 Don 

33 20.4 Y   Y 35.4 106.6 357.1 45.1% 34.0% 28.4% 0.1 0.9 2.6 U Y 179 Don 

34 13.7 Y     22.6 38.5 187.4 28.7% 12.3% 14.9% 0.0 0.0 1.2 U Y 174 Don 

35 46.5 Y Y Y 45.2 103.2 307.0 57.6% 32.9% 24.4% 0.5 0.5 2.9 U Y 123 Don 

36 18.4 Y   Y 35.7 80.8 223.1 45.4% 25.7% 17.8% 0.0 0.0 0.0 U Y 149 Don 

37 27.9 Y   Y 45.3 104.7 367.0 57.7% 33.3% 29.2% 0.0 0.0 1.4 U Y 146 Don 

38 17.9 Y     39.2 106.7 374.1 49.9% 34.0% 29.8% 0.0 0.2 16.9 U Y 146 Don 

39 15.2 Y Y Y 26.7 69.2 334.2 34.0% 22.1% 26.6% 0.0 0.1 16.6 U N 90 Don 

43 30.3 Y Y Y 54.3 164.0 508.8 69.2% 52.2% 40.5% 6.1 7.9 51.2 R N 36 Rouge 

44 18.8 Y Y   43.6 124.4 457.2 55.5% 39.6% 36.4% 0.6 3.5 8.4 R N 18 Rouge 

45 31.4 Y   Y 22.3 61.1 308.2 28.4% 19.5% 24.5% 0.0 0.1 19.8 Uz Y 56 Rouge 

46 20.7 Y     16.8 26.9 181.1 21.4% 8.6% 14.4% 0.0 0.0 5.6 U Y 154 Rouge 

47 25.8 Y Y Y 11.0 39.6 113.8 14.0% 12.6% 9.1% 0.6 2.9 4.4 U Y 153 Highland 

48 28.6 Y   Y 39.9 90.2 397.5 50.9% 28.7% 31.6% 0.0 1.1 3.4 R N 29 Rouge 

49 40.1 Y   Y 61.7 225.4 696.0 78.6% 71.8% 55.4% 2.0 9.0 22.9 R N 27 Rouge 

50 25.4 Y   Y 74.3 232.5 735.6 94.7% 74.1% 58.6% 0.0 0.0 10.3 R Y 119 Rouge 

51 29.0 Y Y Y 63.8 167.4 472.1 81.3% 53.3% 37.6% 1.3 1.3 2.6 U Y 144 Highland 
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Site 

Total 
SR 
Score  

F
o
re
st
 

W
et
la
n
d
 

M
ea
d
o
w
 

Nat 
Cov in 
500 m 
(ha) 

Nat 
Cov in 
1 km 
(ha) 

Nat 
Cov in 
2 km 
(ha) 

% 
cover 
in 

500m 

% 
cover 
in 

1km 

% 
cover 
in 

2km 

Wetla
nd in 
500m 
(ha) 

Wetlan
d in 
1km 
(ha) 

Wetlan
d in 
2km 
(ha) 

Urb 
Zone P

u
b
lic
 A
cc
es
s Road 

densit
y (km 
in 

2km)  Watershed 

52 23.7 Y Y Y 48.5 135.4 285.4 61.8% 43.1% 22.7% 1.3 7.7 8.8 U Y 85 Highland 

53 39.0 Y Y Y 66.3 219.8 835.2 84.5% 70.0% 66.5% 0.6 4.0 19.5 Uz Y 53 Petticoat 

54 25.7 Y Y Y 23.0 60.7 195.5 29.3% 19.3% 15.6% 8.9 15.0 28.5 U Y 142 L. Ontario 

55 34.9 Y Y Y 46.3 139.7 398.6 58.9% 44.5% 31.7% 13.5 22.9 33.1 Uz Y 74 Duffin's 

56 30.9 Y   Y 62.1 174.8 704.9 79.1% 55.7% 56.1% 0.1 0.1 9.8 Uz Y 19 Duffin's 

58 43.6 Y Y Y 78.3 258.4 793.2 99.7% 82.3% 63.2% 0.0 2.3 13.5 R Y 28 Duffin's 

59 31.7 Y Y Y 23.3 82.8 347.7 29.7% 26.4% 27.7% 0.6 3.1 25.6 R N 31 Duffin's 

60 27.3 Y   Y 31.5 114.8 548.1 40.1% 36.6% 43.6% 0.0 3.8 24.8 R N 19 Duffin's 

61 21.7 Y Y Y 40.1 127.5 712.1 51.0% 40.6% 56.7% 0.0 0.8 31.1 R N 19 Duffin's 

62 19.1 Y Y Y 77.7 286.7 1139.5 99.0% 91.3% 90.7% 0.1 0.1 6.6 R Y 9 Duffin's 

63 45.6 Y Y   61.9 131.9 313.4 78.8% 42.0% 25.0% 0.4 2.3 10.7 Uz Y 87 Carruther's 
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Appendix C:  Survey schedule, species surveyed by visit and observation method 
 

  Indicator 

Season Month Fauna/Trails Flora/Lichens (visual ID) 

Winter January or February 

(one 1½ hr. early morning 
visit) 

� porcupine (visual ID) 
� mink  (visual &/or track/trail) 
� ruffed grouse (visual &/or track/trail) 

� eastern hemlock 
� white pine 
� eastern white cedar 

March 

(one ½ hr. visit at dusk) 

� eastern screech-owl  (response to call 
playback) 

 

Spring April 

(two 1 hr. evening visits) 

� American woodcock (aural) 
� spring peeper  (aural) 
� wood frog  (aural) 
� western chorus frog  (aural) 
� northern leopard frog  (aural) 
� American toad  (aural) 

 
 

May 

(one 2 hr. early morning 
visit) 

 
� pileated woodpecker (visual) 
� wood duck  (visual) 
 

� marsh marigold 
� white trillium 
� Jack-in-the-pulpit 
� narrow-leaved spring beauty 
� foam flower 
� star flower 

Summer June 

(two 2 hr. evening fauna 
visits) 

 

 

July & August 

(one 2 hr. daytime flora 
visit each month) 

� eastern wood-pewee (response to song 
playback) 

� ovenbird  (response to song) 
� scarlet tanager  (response to song) 
� swamp sparrow  (response to song) 
� Virginia rail  (response to call) 
� green heron  (visual) 
� bobolink  (visual) 
� savannah sparrow (response to song) 
� eastern meadowlark  (visual) 
� green frog (aural) 
� grey treefrog  (aural) 
� bullfrog  (aural) 

� Michigan lily 
� riverbank wild rye 
� turtlehead 
� swamp milkweed 
� spotted Joe-pye weed 
� barber-pole bulrush 
� white oak 
� common/glossy buckthorn 
� dog-strangling vine 
� garlic mustard 
� common reed 
� periwinkle 
� Himalayan balsam 
� European frogbit 

Fall October 

(one 3 hr. daytime visit)* 

 
� eastern chipmunk (visual) 
� trail mapping* 
 
 
 
    

� Christmas fern 
� winterberry 
� zigzag goldenrod 
� mealy rosette lichen 
� candleflame lichen 
� hooded sunburst lichen 
� rough speckled shield lichen 
� common greenshield lichen 
� hammered shield lichen 

* trail mapping may be carried out on a separate fall visit, depending on the density of trails to be 

mapped and volunteer preference   Non-native invasive indicator are species highlighted with blue text. 
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Appendix D:  Urban impacts conceptual model: In the model ↑ denotes an increase, ↑↑ a large increase;  ↓ denotes a decrease, ↓ ↓ a large decrease;  ∆ indicates a change other than quantity) 
 
Characteristic 
drivers 

Stressors on ecosystem Ecological Effects TVM Indicator 
measures 

Duration of 
effect 

Degree of effect Ease of 
reversal 

Strategy to 
minimize 

Post-impact 
mitigation 

Development - 
conversion of 
habitat 

↓ area for native species ↓ abundance SOCC indicator SR 
score, fauna SR score 

permanent ↑ with ↑ area 
converted 

very difficult; 
not possible 
to natural 
state 

compact 
development; 

maximize/restore 
natural habitat in 
parks; 

↑ competition for habitat & food (intra and inter-species) ∆ species composition SOCC persistence & 
SR 

minimize 
landscaped/mowed 
parkland 

↑ energy expended to find suitable habitat not available 
for life processes 

∆ food web structure conserve natural 
areas 

minimize hard-
surfaces 

↓ reproductive success ↓ or loss of area-sensitive 
species 

porcupine 
presence/absence 

↑ predation success for predators able to use the habitat ∆ predator-prey relationships 

↑ tolerant/subsidized species 

↓ native species diversity 

Development - 
fragments 
habitat 

↓ ability for native species to use habitat components ↓ abundance amphibian SR score permanent ↑ with ↑ degree of 
isolation/ distance 
between patches 

very difficult; 
not possible 
to natural 
state 

system 
approach to 
conservation; 
maintain 
effective 
connections 

restore natural 
quality of existing 
corridors; 

↓ dispersal ability, recruitment of young into pop. ∆ species composition amphibian persistence  expand where 
possible 

 impacts some species more than others ↓ sensitive species severity of invasion 
score 

 ↑ likelihood of inbreeding (isolates populations) ↑ tolerant/subsidized species 

↑ predation success/ brood parasitism ↓ native species diversity 

↑ ability for exotic species to enter/establish ↑ invasion by exotics   

High road 
density 

↑ roadkill of sensitive species & groups ↓ abundance amphibian SR score permanent ↑ with ↑ density, 
number, width, traffic 
volume, speed; varies 
with road surface, 
fencing, safe 
passages etc. 

difficult; 
some 
mitigation 
possible 

system 
approach to 
road network 
around 
conservation 
lands; maintain 
road-less 
connected 
habitat; install 
safe passages 

integrate road 
ecology principles & 
safe passage 
development into 
road upgrade 
planning; minimize 
salt application - find 
alternatives; develop 
methods to recover 
salt at road edges 

↑ food supply for scavengers ∆ species composition porcupine 
pres./absence 

  

↑ toxic salt contamination; impacts sensitive native 
species 

↓ sensitive species severity of invasion 
score 

  

↑ impact of fragmentation & storm water ↑ tolerant/subsidized species     

↑ noise pollution; ↓ breeding sensitive species, e.g. 
some birds 

↓ native species diversity     

 pathway for invasion by exotics, e.g. Phragmites ↑ invasion by exotics     

Altered 
hydrology 

↑ speed, volume, & toxicity of storm water runoff;  ↓  
infiltration/water storage/availability to species, with 
water lost to system; exaggerates wet-dry cycles (↑ 
flooding, ↑ drought) 

∆ vegetation 
communities/habitat 

amphibian SR score & 
variability 

permanent ↑ with ↑ area 
converted 

very difficult; 
not possible 
to natural 
state 

water 
management 
best practices in 
urban 
planning/dev.  

reduction of 
impervious surfaces; 
reversal of stream 
hardening, dam 
removal etc. 

 ↓ sensitive species native indicator SR 
score  ↑ invasion by exotics 
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Recreation - 
hiking 

↑ disturbance - to individual organisms, to habitat 
structure, ↑  

∆ vegetation 
communities/habitat 

SOCC SR, fauna SR effect 
outlasts 
driver 

↑ with ↑ participation moderate, 
difficult to 
reduce 
access once 
permitted 

trail planning to 
avoid sensitive 
areas, public 
education & 
regulation 

restoration and 
regulation; 
monitoring & 
decommissioning of 
trails where needed 

  soil compaction, introduction/assisted dispersal of exotic 
species,  

↑ invasion by exotics 

Recreation - 
bicycling 

↑ disturbance - to individual organisms, to habitat 
structure,  

↓ sensitive species                    
↑ invasion by exotics       

SOCC SR, fauna SR effect 
outlasts 
driver 

↑ with ↑ participation moderate; 
difficult to 
reduce 
access once 
established 

trail planning to 
avoid sensitive 
areas, public 
education & 
regulation 

restoration and 
regulation; 
monitoring & 
decommissioning of 
trails where needed 

Recreation - 
motorized 

↑↑ disturbance - to individual organisms, to habitat 
structure   

 ↓↓ sensitive species, e.g. 
birds 

SOCC SR, fauna SR effect 
outlasts 
driver 

↑ with ↑ participation moderate, 
enforcement 
required 

enforcement; 
security 

restoration and 
regulation; 
monitoring & 
decommissioning of 
trails where needed 

↑↑ soil compaction/gouging/ponding,  ↓↓ biodiversity, community 
balance 

 introduction/assisted dispersal of exotic species  

 trail - kill of sensitive species,  

↑↑ noise pollution; 

Increased 
temperature 
(release of 
waste heat 

range expansion of southern species, ↑ competition for 
native species 

∆ vegetation communities/ 
habitat 

presence/absence/ 
persistence of conifers 

permanent ↑ with ↑ industry, 
motorized 
transportation, 
heating, cooling 
system use; 

very difficult; 
not possible 
to natural 
state 

energy 
conservation 

energy conservation 
enhancement 

habitat suitability reduced for species at limit of natural 
adaptive range 

  native indicator SR 
score 

  

Landscaping, 
gardening 

↓ native habitat & species; ↑ exotic species; ↑ nutrients; 
↑ toxins;  

↓ native species diversity SOCC SR, fauna SR effect 
outlasts 
driver 

moderate, increases 
over time, eventually 
severe where invasive 
species are planted 

very difficult; 
not possible 
to natural 
state 

public education 
re native 
species to plant; 
best practices 
and regulation 

same 

altered hydrology/runoff ↑ introduction of exotics severity of invasion 
score 

Free-roaming 
pets 

↑↑ predation (e.g. cats on birds/small 
mammals/herpetiles)  

↓ abundance presence/absence/ 
persistence of 
ovenbird 

effect 
outlasts 
driver 

moderate, increases 
over time 

possible prevention via 
bylaws & 
enforcement 

habitat creation/ 
protection for 
affected species 

↑ disturbance- native species, (e.g. sensitive plants, 
ground-nesting birds) 

↓ native species diversity - 
sensitive species lost 

presence/absence 
/persistence of ruffed 
grouse 

↑ introduction/assisted dispersal of exotic species severity of invasion 
score 

Subsidized 
species, e.g. 
raccoon, grey 
squirrel, 
European 
starling, house 
sparrow, ring-
billed gull 
 
 

 

↑↑  provision of food supply & shelter ↑ abundance,  ∆ species composition native indicator SR 
score 

effect 
outlasts 
driver 

 high on sensitive 
native species (e.g. 
cavity-nesting birds) 

very difficult public 
education, 
avoiding feeding 
wildlife, secure 
bins for trash, 
building design 
to inhibit access 
(e.g. to vents, 
sheds & other 
unnatural 
shelter) 

same 

outcompete & replace more sensitive native species ∆ food web structure 

↓ native species diversity 

 


