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Abstract
With the increasing trend of urbanization throughout the world, the conservation of
natural environments and their floral and faunal inhabitants becomes increasingly more
important as well as challenging. Ecosystem services are provided by biodiversity and these
services provide benefits that are highly desirable by humans. To secure the existence of healthy
ecosystems and to facilitate restoration efforts, a monitoring system is necessary to determine the
conservational or restoration needs of a given ecosystem. Monitoring systems such as the
concept of „ecological integrity‟ has been successfully used by the US National Park Service and
Parks Canada to assess and communicate the health of ecosystem to managers and the public.
With global loss of bird and mammal species in cities, I found it important to determine the
ecological integrity of these populations within the urban context in the City of Toronto‟s mature
forests. I found that compared to historic populations, there has been a decline in a number of
small mammal species since the late 1800‟s, but little species change since 1977. My study on
birds had found that Toronto is missing many „area-sensitive‟ forest bird species and is also
missing bird species that are typically found just north of Toronto in York region. I recommend
that the City of Toronto must preserve its natural features and designate areas for naturalization
to promote biodiversity in the city. Furthermore, increasing connectivity between naturalized
areas and making citizens aware of potential human impacts on wildlife are other important
factors that must be considered in urban planning.
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Introduction
The current global trend of rapid urbanization is drawing more people to city living than
ever before, and this trend is predicted to increase by 2050 (United Nations, 2014). Currently in
North America, 82% of the population is in located in urban centers (United Nations, 2014).
With this increase, the consequences of urban development on natural ecosystems, and animal
and plant populations must be evaluated in order for effective conservation of nature to be
possible in urban areas (Kowarik, 2014). In urban environments, forested ecosystems and their
features have been linked to a large range of positive health benefits in humans, from lowering
blood pressure to improved mental health (Lee et al., 2011). Economically, the ecosystem
services that nature provides to humans in urban areas can be quantified in the hundreds of
millions to billions of dollars (TD Economics, 2014). The urban forest is a recognized public
good and protecting it is recognized as directly beneficial to citizens. However, urban forests
around the globe are under threat due to loss of biodiversity, and although this loss in urban
landscapes is well documented, the causal factors contributing to decline of biodiversity are not
well researched (Marzluff et al., 2005; Kowarik 2011; Villarreal et al., 2013; Shochat et al.,
2010). Marzluff et al. note that urbanization is increasing throughout the world and thus to
conserve them it must be determined if flora can survive and thrive in urban conditions and what
human-based impacts can be mitigated or eliminated to increase biodiversity (2005).
Furthermore, conservation of biodiversity in urban areas will require “cooperation among a
diverse group of planners, ecologists, policy makers, home owners, educators, and activists.”
(Marzluff et al., 2005)
It is known that having a diverse range of animals and plants is a critical to maintaining
ecological health and perpetuity of these ecosystems (Pasaria et al., 2013). Species richness is
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highly important for ecosystems, and higher species richness has been found to have a positive
causal relationship with ecosystem services (Balvanera et al., 2006). As shown in a recent study
by Oliver et al. (2015), one of the primary concerns of the loss of biodiversity within ecosystems
is the subsequent loss of ecosystem resilience. With a continued loss of species, “functional
redundancy” of ecosystem services is reduced, and can lead to cascading losses of ecosystem
function (Oliver et al., 2015). For example, if one plant pollinator species is extirpated, plants
might still achieve pollination via other pollinator species; however, if enough pollinators are
removed from a system, systematic ecological decline is expected.
Urban environments are continually being developed, and thus for city planners to
effectively account for biodiversity and ecosystem health during urban planning, ecological
research of these environments is necessary (Villarreal et al., 2013). One metric used to quantify
the health of an ecosystem is ecological integrity (EI), which is the standard by which Parks
Canada assesses the health of its parks (Parks Canada, 2007). Within the EI framework,
quantitative data on animal and plant populations are used as indicators relative to an expected
baseline and translated into easily understood descriptors of ecosystem health (for example,
„Good‟, „Fair‟ and „Significant Concern‟). This framework is useful for communicating the
results of scientific research to the public and lawmakers, as it is intuitive and can be utilized
easily and efficiently by planners and managers (Tierney et al., 2009; Mitchell et al., 2014).
With urban spread, the decline of native small mammal species and native forest bird
species is well documented. For example, small mammal species richness declines as
urbanization increases (Reim et al., 2013); similarly bird species richness and abundance are also
lower in metropolitan areas as compared to natural areas (Banville et al., 2017). Small mammals
and birds provide key functions necessary for a healthy ecosystem, from plant seed dispersal,
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spore dispersal of mycorrhizal fungi, control of herbivorous insect populations, to pollination of
flowers (Sieg 1987, Şekercioğlu et al., 2004). These ecosystem functions make the two groups
important to study. Aside from ecological function, they also give residents enjoyment and the
true experience of being with wildlife, which can be an uncommon opportunity in dense urban
centers.
Unfortunately, there has been little research on small mammal species composition
within the urban context in North America (Reim et al., 2013; Buchanan et al., 2013). However,
such studies can be particular useful in indicating the health of urban ecosystems. For example,
in a small mammal study conducted in central Pennsylvania, Mahan et al. (2005) found evidence
of a gradient of small mammal community change in response to urbanization, with the most
intact communities being found in mature riparian forests, while simplified communities with
generalist species were found in highly disturbed areas. A study on the effects of urbanization on
small mammals in Poland concluded that mammal species richness declines across the urban
gradient, but also saw that urban biodiversity was maximized when habitat connectivity was
established between suitable habitat patches in the city core and the natural environment
surrounding the city (Lopucki et al., 2013). Similar patterns for decline of mammal species
richness along an urban gradient can be seen throughout the world in urban environments
(Kowarik et al., 2011; van der Ree and McCarthy, 2005). Van der Ree and McCarthy had found
that in Melbourne, Australia, many native mammal species have undergone significant declines
in abundance and range, with a loss of over 50% (from 54 to 26) of historically native mammal
species within the city limits (2005).
Nilon et al. (1995) found that interior forest bird species of Missouri historic wildlands
had declined as urbanization in wildlands increased, and concluded that the increase of forest
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edge due to development is a significant factor in forest bird species decline. In a study in
Phoenix, Arizona, the researchers found that with increased urbanization, bird species commonly
found in riparian zones become replaced by urban resident species, indicating a decline in
specialists (Banville et al., 2017). An indirect impact that humans have on urban birds is the
predation pressure by pet cats: A study in the UK found that with increased cat densities, bird
fecundity declines which can translate to a large loss in bird abundance (Beckerman et al., 2007).
A bird study in York region to the north of Toronto, Ontario, found significant species
differences in bird communities between fragments of large and small sizes in a peri-urban
environment (McMartin, unpubl. PhD, University of Toronto, 2007). Environment Canada‟s
Canadian Wildlife Survey has determined that out of 43 potential area-sensitive forest breeding
bird species within the Greater Toronto Area, only 14 species have been regularly observed, with
the remaining 29 being lost or having never expanded into Toronto‟s urban forest (Environment
Canada:CWSO, 2007).
In urban areas, habitat loss is restricting animal populations to the remaining naturalized
areas and consequently makes parklands and riparian corridors key centres of biodiversity in the
urban landscape (Ferguson et al., 2001; Oliver et al., 2015). In Toronto, the ravine systems
represent 17% of the City‟s total area, and may be some of the last naturalized habitats available
for wildlife (City of Toronto, 2016). Recently efforts by the City of Toronto have been focusing
on ravine restoration with the City‟s newly launched Toronto Ravine Strategy, which recognizes
the need for efforts in conservation and ecological research.
The purpose of the present study is to assess the ecological integrity of the Rosedale
Valley ravines of south-central Toronto, with a focus on small mammal and bird communities.
The ravines are of particular interest in this context. For one, they are home to mature forests,

Stepniak

and hence potentially provide an area of concentrated biodiversity in the city. Perhaps most
significantly, however, they were the subject of a detailed biodiversity inventory in 1977 (Kaiser
et al., 1977), and the intervening 40 years provides an opportunity to examine the ravine
communities for possible change. Taken together, information on the ecological integrity of
small mammal and bird communities will help guide future policy development and land use
planning in the City of Toronto. With the recently established Toronto Ravine Strategy, the City
has committed to preserving the “ecological diversity, resilience, stability and natural
environment” of the ravines, so with my study we will assist in these goals by focusing on a
significant part of ravine ecology: small mammal and bird communities. Furthermore, I present
information on the downed coarse woody debris of the ravines, which is an important habitat for
many forest species, and plays a key role in forest nutrient cycling. I also examined temporal
changes in small mammal communities using the Royal Ontario Museum database of mammal
records, which provided records from 1866 to 2015. Finally, using potential bird presence lists,
the bird species observed in 1977 and 2017 were also compared to the historic native areasensitive forest breeding bird community of the region (Environment Canada: CWSO, 2007).
Methods
Four ravine sites within the Rosedale, Toronto area were chosen to perform the study,
which was conducted from May 2017 to the end of August 2017. The four ravines were
Rosedale Valley Ravine (1), Park Drive Ravine (2), Moore Park (3) and Burke Brook Ravine (4)
(see Figure 1). These were the same sites used in the 1977 Rosedale Ravines Study (Kaiser et
al., 1977), providing for a direct comparison. These ravines are located in the mixed-wood plains
ecoregion of Ontario, where waterways and lakes are abundant and has cool winters (avg. -5 C)
and warm summers (avg. 17 C) (McGill, Retrieved 2017). As Kaiser et al. noted, the Toronto
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ravines were formed by the running water from melting glaciers that of the last ice age, but in
modern times only small streams remain, yet are important spillways for the city when heavy
rainfall occurs. The ravines were cleared in the beginning of the 19th century, so the forest is
largely comprised of regrowth that occurred after the mid to late 1800s (Kaiser et al., 1977).
Small Mammals
Across the four ravine sites, I established 7 small mammal trapping grids (Figure 2). In
Burke Brook Ravine, only one grid was used, but in Park Drive Ravine and Rosedale Valley
Ravine, three and two grids were placed within one ravine, respectively. The grids sampled
different slopes within a ravine, and hence are treated as replicates here. Each 50 m x 90 m
ravine site was gridded into 10 x 10 m squares. Eighteen Sherman traps (23 cm x 9 cm x 8 cm)
were baited with sunflower seeds, apple and an oatmeal and peanut butter mixture and were
placed 20 m apart along the grid and set for 3 consecutive trap-nights per grid, during the period
July 6th to August 3rd, 2017. The Moore Park ravine site did not use grids, but traps were placed
haphazardly 20 m apart. Traps were set in the morning of the first day, checked in the afternoon
of the first day, checked twice a day during the second and third days, and removed on the
morning of the fourth day. During early trials of the study, I found that raccoons had been
depredating the traps. To prevent raccoon tampering, a 1 m long, 15 cm diameter corrugated and
perforated plastic drainage pipe was cut in half longitudinally, placed over each Sherman trap,
then staked down using metal spikes (Machtinger, personal communication, 2017). This cover
prevented raccoons from accessing the traps, while allowing smaller mammals to enter them.
Upon capture, each mammal was identified, weighed, sexed, and ear-marked with a uniquely
numbered ear tag.
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A second data set used to assess the ecological integrity of Toronto small mammal
communities was the historic database of the Royal Ontario Museum mammal collection (years
1866 to 2015). I accessed the database online through the Global Biodiversity Information
Facility and downloaded records for the GTA region and restricted my search to native species
of Insectivores and Rodents (GBIF Occurrence Download doi:10.15468/dl.ugqekg accessed via
GBIF.org on 13 Sep 2017). I divided the data into 5 temporal periods (1866-1930, 1931-1935,
1936-1944, 1945-1967 and 1968-2015) that had approximately the same number of individuals
in each, and hence could be used to assess community change over time.
Birds
For each of the four ravine sites, a Songmeter SM2 (Wildlife Acoustics, Inc., Massachusetts,
USA) was fixed approximately 3 meters up a tree in the center of a ravine study plot, in the same
grids that were used for CWD and small mammal trapping. In Park Drive, and Rosedale Valley
ravines, two Songmeters were set up on opposite sides of the ravine (Figure 2). The Songmeters
were programmed to record for 30 minutes for 45 days, starting at 10 minutes before sunrise
each day. The time of recording was the May 28th 2017 to July 8th 2017. Birds were identified
from their songs by an expert, Kevan Cowcill. Only bird songs captured at sunrise were
analyzed, and only 6 days were chosen for analysis as a representation of the entire recording
period, due to time constraints. The record dates of analyzed recordings were: May 28th, June 5th,
June 11th, June 19th, June 25th and July 3rd, 2017. One recorder, placed in Rosedale Valley
Ravine site #4, was missing its June 25th and July 3rd recordings due to technical difficulties. To
analyze these data, for each ravine I took the maximum number of birds of a given species
singing on any given day during the sample as the abundance measure for that species.
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Downed Coarse Woody Debris & Live Tree Volume
The downed woody debris for each site was measured using measuring tape and calipers via the
line intercept method (Van Wagner, 1968). Starting at the top of the ravine bank, line intercept
transects followed the entire width of the plot, down one grid square, then back across the ravine
width, etc., until the entire plot was sampled (Figure 9). In Park Drive Ravine, 350 m of line was
sampled in plot 3, 480 m in plot53, and 590 m in plot 4. In Rosedale Valley, 410 m of line was
sampled in Plot 4. In Burke Brook Ravine, 520 m of line was sampled. No line sampling was
done in Moore Park ravine as there was no established grid. Each piece of downed woody debris
that intercepted the line had its diameter measured and was assigned a decay class (I through V),
based on the degree of bark decay as well as the percentage of tree diameter that could be
penetrated with a 0.5 cm metal rod (Goodburn et al., 1998; Maser et al., 1976; Van Wagner,
1968).
The downed woody debris data were used as potential correlates of small mammal
communities; however, I was also interested in it as an indicator of ecological integrity in its own
right. Tierney et al. (2009) argued that the volume of downed woody debris relative to tree
volume could serve as an indicator of integrity, with the proportion of downed woody debris
(DWD) to live tree volume (LTV) indicating „Good‟ ecological integrity if above 0.15.
Accordingly, I also estimated tree volumes in the sites. At one site, tree heights and diameters at
breast height (DBH) of the various trees were recorded. Using these data, allometric equations
relating tree height to diameter was estimated (Peper et al., 2009) and the equations were then
used to estimate heights of all trees sampled in the ravines from the field-measured diameters
(Dong et al. 2015, unpubl.). In a final step, total volumes of trees (≥ 10 cm DBH) at each site
were determined using the equation of a cone. Separate height-DBH equations were fitted for the
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three most common species: maple (Acer saccharum), beech (Fagus grandifolia) and red oak
(Quercus rubra). For all other species, an equation fitted to height observations for all observed
species was used.
Statistical methods
All statistical analyses were performed in SAS (v. 9.4). All PCA biplots were created in Canoco
(v. 4).
Results
Small Mammals
Across all sampled grids, three mammal species were captured: Peromyscus leucopus
(white-footed mouse), Tamias striatus (eastern chipmunk) and Blarnia brevicauda (short-tailed
shrew). Similarly, in the 1977 Rosedale Ravines Study, three species of mammals were found:
Peromyscus leucopus, Tamias striatus and Microtus pennsylvanicus. Table 1 highlights the
differences in capture rates between 1977 and 2017.
In the 1977 and 2017 small mammal studies, P. leucopus and T. striatus were the most abundant
species found in the ravines. T. striatus was about equally abundant in the two studies, whereas
in 2017 P. leucopus was more than twice as abundant in 2017 as in 1977. Looking at individual
ravines, Moore Park had the lowest percent success of mammals in 1977, but had the highest in
2017. Rosedale Valley, the most urbanized ravine study site due to a road passing through it and
its close proximity to dense, urban buildings and infrastructure, had relatively low abundances of
chipmunks in both studies.
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Using Mahan et al.‟s Pennsylvanian forest mammal study (2005) as a baseline for comparison,
two species of forest-dwelling small mammals that might be expected to be found Peromyscus
maniculatus (deer mouse) and Neozapus insignis (woodland jumping mouse) were not found in
Toronto either in 1977 or 2017. These two species have range distributions across Pennsylvania
and Ontario (Reid, 2006). Another common forest mammal in small mammal trapping in
Ontario, Myodes gapperi (red-backed vole) was also absent from the ravines.
From the 1866-2015 Royal Ontario Museum mammal collection, 16 small mammal species were
historically observed in the Greater Toronto Area since 1866, and 4 of those have not been seen
since 1945 or earlier: Glaucomys sabrinus (northern flying squirrel), G. volans (southern flying
squirrel), Sorex fumeus (smokey shrew) and S. hoyi (pygmy shrew). Among the remaining
species, a strong decline in abundances overtime was observed for P. maniculatus and a strong
increase for S. cinereus (common shrew). These trends are illustrated in Figure 3, where it is
seen that species such as P.maniculatus, S. fumeus and G. volans are associated with the earliest
time period. Table 2 shows a summary of all ROM small mammal records that were analyzed
and their corresponding year that they were added to the collections.
Birds
Using an Environment Canada Canadian Wildlife Service list of Area Sensitive Forest
Birds of Toronto as a baseline comparison, we found that in 2017, only 7 out of 43 of these
species were found, indicating 84% were missing. Similarly, in the 1977 study only 5 areasensitive forest bird species were observed. These results are visualized in Figure 4 and a
summary of these species can be found in Table 3. A similar species absence was found in
Toronto when examining a larger subset of forest-dwelling birds, instead of just area-sensitive
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birds, see Figure 5. It was particularly apparent that two guilds of birds from the area-sensitive
forest bird species list, warblers and raptors were absent in our findings (see Table 3).
In the comparison with the York region study (McMartin, unpubl. Univ. of Toronto PhD,
2000), where landscapes and forests are much less developed, we found that there were
significantly different abundances of bird species between the two regions. This data is
summarized in Table 4 and visualized in Figure 6, where we see that there are species of birds
that were observed in York region, but not seen in Toronto‟s forests. It is clear from this visual
representation that the York region bird community has a significantly higher species richness
than the present study in Toronto‟s ravines (see Figures 6 and 7).

Coarse Woody Debris
Using current ecological indicators (Tierney et al, 2009; Mitchell et al. 2014) an
assessment of coarse woody debris volume and live tree volume in each ravine site was made
and given a status. See Table 5 for a summary of course woody debris results at each study site.
Furthermore, a comparison was made with the calculated DWD volumes and the observed small
mammal abundances. A significant correlation (P < 0.05) was found between higher levels of
DWD in a ravine site and chipmunk abundances, where chipmunk abundances were higher in
ravine sites with higher DWD volumes.
Discussion
I found a trend of biodiversity loss in these urban areas for bird and mammal
communities; this trend is seen worldwide (Marzluff et al., 2005; Kowarik 2011; Villarreal et al.,
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2013; Shochat et al. 2010). Evidently, much of this loss is caused by the activity of humans
particularly habitat disturbances, so attention must be paid to urban environments with their large
populations of humans if ecological conservation is to take place (Kowarik, 2011).
A general decline in small mammal diversity has been seen in cities across the globe
from Poland, Australia and the United States (Lopucki et al., 2013; van der Ree & McCarthy
2005; Mahan et al., 2005; Kowarik, 2011). Our observations on small mammals as well as the
1977 findings indicate that Toronto‟s small mammal community is "poor" in its ecological
integrity. Directly comparing to the Mahan (et al., 2005) experiment in Pennsylvania, it is
evident that P. maniculatus (deer mouse) and N. insignis (woodland jumping mouse) are forest
dwelling mammals that should be in Toronto yet were not found in 1977 nor 2017 (Mahan et al.,
2004; Reid, 2006). Our ROM findings further illustrate that Peromyscus maniculatus (deer
mouse) was most correlated with the earliest temporal period (1866-1930), and was subsequently
lost from the Toronto landscape. Herman‟s (1983) study in Nova Scotia found a prolonged
decline between 1977 and 1983 in P. maniculatus in forested hardwood and mixed woodlands
near human development. Although he did not study areas where P. leucopus was sympatric with
P. maniculatus, he did note that no such decline in P. leucopus was seen elsewhere in Nova
Scotia. Herman (1983) dismissed climate factors as the cause of P. maniculatus‟ decline,
although he had no direct evidence. A study by Wolff in the Appalachian Mountains, USA found
that in areas of sympatry, cold winters had a higher negative impact on P. leucopus fitness when
little food was available than the effects winters had on P. maniculatus (1996). Furthermore, he
found that P. leucopus populations increase more than P. maniculatus when high number of tree
mast is available (Wolff, 1996). In Toronto where the urban heat island effect and global
warming, as well as lake mediation is a factor in temperature regulation, the warmer
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temperatures may have a negative effect on P. maniculatus compared to P. leucopus. Similarly,
research on small mammal communities in the Great Lakes region has shown that more
southernly species (e.g. P. leaucopus) are moving northwards in range due to climate warming
(Myers et al, 2009). Wolf and Batzli (2002) in their research on P. leucopus had hypothesized
that the species would prefer forest edge habitat, but had concluded that forest interior habitat
saw higher white-footed mouse abundances than forest edges (2002). In my results, I found that
there was no difference in species richness between 1977 and 2017, except for B. brevicauda
being a novel mammal found in 2017, and the absence of the grass specialist M. pennsylvanicus in
2017.

From our observations, there is evidence to support a decline in bird species richness in
Toronto ravines, especially area-sensitive forest breeding birds. Our observations were similar to
the findings of Environment Canada‟s Canadian Wildlife Service – Ontario, which found that a
large portion of area-sensitive forest breeding birds have been extirpated from Toronto‟s forests
or were never established in the first place (Environment Canada: CWSO, 2007). From
examining the 1977 bird observations and our study‟s bird song recordings, it is evident that
from all of the area-sensitive forest bird species that could potentially be in Toronto, only a
minority of them were actually found. Although a specific threshold analysis was beyond the
scope of this study, we conclude that the ecological integrity of forest bird species in Toronto is
"poor". Our findings fit into the greater North American trend that bird species are declining,
including many species needing „urgent conservational action‟ (NABSCI, 2016).
Direct human disturbance was found to be a factor in reducing bird species richness in Madrid
Spain, where humans approaching birds in forested areas would “flush” them out, and these
persistent interactions would disturb bird feeding and parental care (Fernández-Juricic, 2000).
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This phenomenon may also be at play in Toronto‟s ravines, which are heavily utilized as
recreational trails by the city‟s residents and their pets. To further aggravate this factor, many
dog owners have been observed to let their dogs off leash and run throughout the ravines, which
would further increase disturbances.
Chemical contaminants are another factor that negatively affects bird populations, especially in
urban populations. Chandler et al. (2004) concluded that house sparrows have higher lead blood
concentration in urban areas than agricultural areas, and this saw that raptors that feed on house
sparrows also had higher lead accumulation. With the myriad chemicals used in industrial,
commercial and residential settings in urban environments, chemical contaminants may be a
factor in declining bird communities.
In our analysis of Downed Woody Debris, we found that most ravine sites had a dead
wood:live tree volume of over 0.15, indicating "good” ecological integrity according to Tierney
et al. (2009). In Toronto, the urban forest is not logged, so any natural tree felling would stay in
the ecosystem as DWD. Due to it being an urban environment, any fires in the urban forests are
suppressed which further allows DWD to stay in the ecosystem. Diseased trees such as ash
(Fraxinus americana) trees afflicted with EAB, elm trees with Dutch elm disease and butternuts
with butternut canker are regularly cut by the city if they are deemed “hazard” trees that could
fall on trails. This creates additional downed woody debris, especially in the case of ash trees
which are currently devastated by EAB in southern Ontario. Further increases in downed woody
debris can be seen on private properties, where owners may fell trees for aesthetic purposes and
put the remains further into the ravine lands. Interestingly, the abundance of chipmunks was
correlated with DWD volumes, indicating the value of deadwood resources in an urban context.
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Such DWD resources may be especially important for small mammals in an urban context given
the potentially high predation pressure from pets.
Management Implications
The economic and social benefits of forests in urban areas are well documented and furthering
conservation efforts now will help minimize resources needed to conserve urban forests in the
future. With ecological integrity, mangers and policymakers will have an easily understood
metric of forest health, which can be used to plan urban development.
For ecological restoration, greater forest fragment area, greater forest canopy and increased
fragment connectivity are well known strategies that can improve biodiversity and ecological
integrity (Threllfall et al., 2017; Lopucki et al., 2013). Although conceptually simple, these
strategies can be very difficult to put into practice in urban environments such as Toronto, where
real-estate is limited, developments are constantly expanding, and where municipal bureaucracy
can severely impede conservation efforts.
Ecological restoration can be promoted by enacting legislation to prevent certain natural areas
from being developed. In instances where development of natural land is in the best interest for
the City, a mandate to include patches of connectivity could be a good requirement to have as if
established, would preserve wildlife corridors within the city. Linkages between ravines are
especially important as the ravines contain most of Toronto‟s biodiversity (City of Toronto,
2016). One novel way of creating these linkages is with human made wildlife crossings that can
be in the form of tunnels or bridges with naturalized features that facilitates animals moving
through them. These infrastructure features could plausibly link habitats such as the north and
south side of the Rosedale Valley ravine, which is intersected by a heavily used road. There is
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considerable potential for reforestation of other ravine and natural areas of the city, some of
which (such as large areas of the Don Valley) have little forest cover.
Projects such as F.L.A.P or the Fatal Light Awareness Project should continue to be promoted
and utilized by property managers. This program brings awareness to reflective windows and
offices that are brightly illuminated during dusk and dawn, which has caused many bird
mortalities (FLAP Canada, 2018). Although not directly adjacent to high-rise buildings, the
Toronto ravines are close enough to the urban core that birds can move to them freely from
densely developed areas. It would be beneficial to the ravine bird communities if lethal window
collisions were reduced.
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Figures and Tables
Figure 1: A map of the Toronto ravine sites used in the study, with Bloor St. and Mt Pleasant
Rd. highlighted. Ravine site #1 is Burke Brook Ravine, #2 is Moore Park, #3 is Park Drive
ravine and #4 is Rosedale valley. Red dots indicate locations where Sherman traps were placed
and blue dots represent where song recorders were placed:
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Figure 2 - A-E: A map of the sampling grids within each ravine study site. The red dots
represent locations of Sherman traps, while the blue dot represents the location of a Bird Song
Monitor. All 18 traps were spaced 20 m apart. Each blue square on the grid is 10 m x 10 m in
size:
A) Burke Brook Ravine:

B) Park Drive Ravine:
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C) Rosedale Valley Ravine (Left is West end, Right is East end):

D) Moore Park (No grid system - haphazardly placed around pond):
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Figure 3: A principal components biplot (axes 1 and 2) of all small mammal records in the ROM
database for five time periods in which they were found (correlation matrix). The red dots
indicate specific time periods: 1= 1866-1930, 2= 1931-1935, 3= 1936-1944, 4= 1945-1967, 5=
1968-2015. From the plot it is clear that P. maniculatus, S. fumeus and G. volans are strongly
correlated with only the 1st time period. The first axis represented 72% of the total variance; the
second represented 20%:
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Figure 4: A comparison of area-sensitive forest breeding birds (from Environment Canada‟s
Canadian Wildlife Service) between 1977 and 2017 as well as how these years compare to the
potential number of native species that inhabit Toronto‟s forests:
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Figure 5: A comparison of all forest breeding birds that are native to Toronto and likely to be
present, and the observed bird species in 1977 and 2017. The historic native list was compiled by
Kevan Cowcill who used a modified list by Bill Coady, then further filtered down to include
only plausible species:
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Figure 6: A principal components biplot (axes 1 and 2) of our studies bird observations as well
as bird data from McMartin‟s study in York region (McMartin, unpubl. Univ. of Toronto PhD,
2000). The red dots indicate the Toronto ravine study sites, while green dots represent York
region sites, light green being small fragments and dark green representing large fragments (see
map, Figure 8). From the plot it is evident that Toronto has a unique bird community compared
to York region. The first axis represented 18.2% of the total variance; the second represented
10.6%:
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Figure 7: A boxplot of the species richness comparison between the present bird study and
McMartin‟s unpublished 2000 York region study. The York region bird community has a
significantly higher species richness than the Toronto ravines:
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Figure 8: Map of bird sampling sites (red dots) in McMartin‟s York region study, near the
southern tip of Lake Simcoe, Ontario. The small and large fragments are easily seen in green on
this map:
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Figure 9: Sketch map of a typical line transect pattern followed for measuring coarse woody
debris. All measurements were started from the top of bank and transects followed down the
slopes in an “S” shaped pattern:
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Table 1: A comparison of individual captures of two species of small mammals caught as a
percentage of trap success (individuals per 100 trap nights) between different ravines, as well as
between study years for the Rosedale ravines of south central Toronto (1977 and 2017):
Kaiser et al 1977

Rosedale Valley
Park Drive
Moore Park

Peromyscus
leucopus
7
4.7
1.3

Tamias striatus
2.6
5.2
2.1

9.3
7.4
14.8
13.0

1.9
3.7
7.4
0.0

Present study 2017
Rosedale Valley
Park Drive
Moore Park
Burke Brook

Table 2: The small mammals of the ROM collection from years 1866 to 2015. The number of
specimens for each species is listed as well as the period in which it was added:
1866-1930
Species
Blarina brevicauda
Condylura cristata
Microtus pennsylvanicus
Sciurus carolinensis
Sorex cinereus
Tamias striatus
Tamiasciurus hudsonicus
Zapus hudsonius
Glaucomys volans
Marmota monax
Parascalops breweri
Peromyscus leucopus
Peromyscus maniculatus
Sorex fumeus
Sorex hoyi
Glaucomys sabrinus

21
8
44
20
9
9
22
9
2
2
7
49
22
5
0
0

1931-1935
37
1
40
16
13
10
13
4
0
1
1
50
3
1
3
0

Years
1936-1944
19
3
51
8
30
4
4
7
0
2
3
80
1
0
0
1

1945-1967
20
6
45
12
28
5
3
8
0
2
3
59
5
1
1
4

1968-2015
16
5
23
20
86
7
4
5
0
7
1
50
7
0
0
0
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Table 3: The list of area-sensitive forest breeding birds from Environment Canada – Canadian
Wildlife Service – Ontario. Whether or not each species was found in the 1977 or 2017 ravine
study was noted:
Area-Sensitive Forest Breeding Bird Species of Toronto

Observed in 1977

Observed in 2017

Sharp-shinned Hawk

No

No

Cooper‟s Hawk

No

No

Northern Goshawk

No

No

Red-shouldered Hawk

No

No

Broad-winged Hawk

No

No

Ruffed Grouse

No

No

Barred Owl* (nocturnal)

No

n/a

Yellow-bellied Sapsucker

No

No

Red-bellied Woodpecker

No

No

Hairy Woodpecker

No

Yes

Pileated Woodpecker

No

Yes

Acadian Flycatcher

No

No

Least Flycatcher

No

Yes

Red-breasted Nuthatch

No

Yes

White-breasted Nuthatch

No

No

Tufted Titmouse

No

No

Brown Creeper

No

No

Winter Wren

No

Yes

Golden-crowned Kinglet

No

No

Blue-gray Gnatcatcher

No

No

Veery

No

No

Hermit Thrush

No

Yes

Wood Thrush

Yes

No

Yellow-throated Vireo

No

No

Blue-headed Vireo

No

No

Prothonotary Warbler

No

No

Chestnut-sided Warbler

No

No

Black-throated Blue Warbler

No

No

Black-throated Green Warbler

No

No

Blackburnian Warbler

No

No

Pine Warbler

No

No

Cerulean Warbler

No

No

Black-and-white Warbler

No

No

American Redstart

No

Yes

Ovenbird

No

No

Northern Waterthrush

No

No

Louisiana Waterthrush

No

No

Mourning Warbler

No

No

Stepniak
Canada Warbler

No

No

Hooded Warbler

No

No

Scarlet Tanager

No

No

White-throated Sparrow

No

Yes

Purple Finch

No

No

Table 4: The list of bird species that were found to be significantly different between
observations in McMartin‟s York region study and our study in the Toronto ravines. A median
test was performed to determine significance (P < 0.05):
Bird Species (common name)

American crow

Abundance in Toronto's ravines
relative to forest fragments in York
region (P < 0.05)
lower

American goldfinch

lower

American redstart

lower

American robin

lower

Baltimore Oriole

lower

Blue jay

lower

Carolina wren

higher

Cedar waxwing

higher

Chipping sparrow

higher

Common grackle

lower

Downy woodpecker

higher

Eastern phoebe

higher

Eastern wood-pewee

lower

Evening grosbeak

higher

Hairy woodpecker

lower

Indigo bunting

higher

Ovenbird

lower

Pileated woodpecker

higher

Rose-breasted grosbeak

lower

Tennessee warbler

higher

Veery

lower

Warbling vireo

higher

Wood thrush

lower
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Table 5: A comparison between live tree volume (LTV) and downed coarse woody debris
(DWD) in the Rosedale ravines of south-central Toronto sampled in 1977. The ratio of
DWD/LTV corresponds with a known ecological indicator of health. According to Tierney et al.
(2009), a CWD to LTV ratio ≥ 0.15 indicates "good" ecological integrity, 0.15 – 0.10 indicates
„fair‟, and < 0.10 indicates „poor‟:
Ravine
Burke Brook
Park Drive 4
Park Drive 5
Park Drive 3
Rosedale Valley

DWD
volume(m3/ha)
59.9
143.2
89.7
62.1
37.6

Live tree
volume
(m3/ha)
356.0
269.2
226.8
154.4
270.8

Ratio
0.17
0.53
0.40
0.40
0.14

Ecological
Indicator (Tierney
et al. 2009)
Good
Good
Good
Good
Fair

Stepniak

Acknowledgements
Eric Davies – Visionary of the Toronto Ravine Revitalization Project, inspired me to work on the
ravines, putting in many personal hours into overseeing and supervising this project, introducing
me to many influential people, securing funding and in-kind support for this project, for truly
caring & passionate about conservation and ecosystem restoration
Dr. Jay Malcolm – For assistance in statistical analysis, teaching mammal processing and
identification, and overall encouragement and advice throughout
Kevan Cowcill – For his time and expertise spent analyzing bird songs, compiling historic bird
lists & educating me on bird song analysis and helpful advice
Peter Quinby & the Ancient Forest Exploration Research (AFER) –Lending us 6 Bird song
monitors & their support
Dr. Sandy Smith, Anqi Dong, Paul Scrivener, Dale Taylor, Catherine Berka – The 2017 Toronto
Ravine Revitalization Study Team – continue to push for ravine conservation & restoration. As
well as Andrew Avsec and Jane Mitchener for previous work on maps and tree analysis
respectively
Dr. Erika Machtinger – Idea of „Raccoon exclusion device‟
Kaho Hayashi – Assistance with mapping/GPS
Joey Kabigting, Vincent Lepoivre – Help and encouragement in the field

Literature Cited
Banville, M.J., Bateman, H.L., Earl, S. R. & Warren, P.S. 2017. Decadal declines in bird
abundance and diversity in urban riparian zones. Landscape and Urban Planning. March 2017
Volume 159 (Issue Complete) pgs. 48-61
Balvanera, P., Pfisterer, A. B., Buchmann, N., He, J., Nakashizuka, T., Raffaelli, D., & Schmid,
B. 2006. Quantifying the evidence for biodiversity effects on ecosystem functioning and
services. Ecology Letters, Volume 9 (Issue 10),pgs. 1146-1156. doi:10.1111/j.14610248.2006.00963.x
Beckerman, A.P. Boots, M. & Gatson, K.J. 2007. Urban bird declines and the fear of cats.
Animal Conservation. Volume 10 Issue 3. pgs. 320-325 Aug 2007.
Buchanan G.M., Donald P.F. & Butchart S.H.M. 2011. Identifying Priority Areas for
Conservation: A Global Assessment for Forest-Dependent Birds. PLOS ONE Volume 6, (Issue
12): e29080. https://doi.org/10.1371/journal.pone.0029080

Stepniak

Chin, A.T.M., Tozer, D.M., Walton, N.G. & Fraser, G.S. 2015. Comparing disturbance gradients
and bird-based indices of biotic integrity for ranking the ecological integrity of Great Lakes
coastal wetlands. Ecological Indicators. Volume 57 (2015) pgs. 475–485
Chandler, R. B., A. M Strong and C. C. Kaufman. 2004. Elevated lead levels in urban House
Sparrows: A threat to Sharp-shinned Hawks and Merlins? Journal of Raptor Research, 38 (1):
62-68
Environment Canada: Canadian Wildlife Service – Ontario. 2007. Area-sensitive forest birds in
urban areas. Government of Canada Publications. Retrieved from:
http://publications.gc.ca/site/eng/9.689699/publication.html
FLAP Canada. 2018. Frequently Asked Questions. Retrieved from: http://flap.org/faqs.php
Goodburn, J.M., and Lorimer, C.G. 1998. Cavity trees and coarse woody debris in old-growth
and managed northern hardwood forests of Wisconsin and Michigan. Canadian Journal of Forest
Restoration. Volume 28 (Issue 3) pgs. 427–428. doi:10.1139/x98-014
Hansen, A. J., Knight, R. L., Marzluff, J. M., Powell, S., Brown, K., Gude, P. H. & Jones, K.
2005. EFFECTS OF EXURBAN DEVELOPMENT ON BIODIVERSITY: PATTERNS,
MECHANISMS, AND RESEARCH NEEDS. Ecological Applications, 15: pgs. 1893–1905.
doi:10.1890/05-5221
Ferguson, H.L., K. Robinette, and K. Stenberg. 2001. Wildlife of urban habitats. Pgs. 317–341,
In D.H. Johnson and T.A. O‟Neil (Eds.). Wildlife-habitat relationships in Oregon and
Washington. Oregon State University Press, Corvallis, OR.
Fernández-Juricic, E. 2000. Local and regional effects of pedestrians on forest birds in a
fragmented landscape. The Condor, 102 (2): 247-255.
Kaiser, J, Gotfryd, A, King, R, Petrie, A, Renfrey, G, & Wilson, B. 1977. A quantitative
ecological study of Toronto ravines. In: The Rosedale Ravines Study, 1977 (Anonymous).
University of Toronto, Unpublished report, 216 pgs.
Kowarik, I. (2011). Novel urban ecosystems, biodiversity, and conservation. Environmental
Pollution.
Volume 159, (Issues 8–9), August–September 2011, pgs. 1974-1983
Lee, J., Park, B., Tsunetsugu, Y., Ohira, T., Kagawa, T., & Miyazaki, Y. 2011. Effect of forest
bathing on physiological and psychological responses in young japanese male subjects. Public
Health. Volume 125 (Issue 2) pgs. 93-100. doi:10.1016/j.puhe.2010.09.005

Stepniak

Lopucki, R., Mroz, I., Berlinski, L., & Burzych, M. 2013. Effects of urbanization on smallmammal communities and the population structure of synurbic species: an example of a
medium-sized city. Canadian Journal of Zoology, 91(8), 554+. Retrieved from
http://link.galegroup.com.myaccess.library.utoronto.ca/apps/doc/A341556964/AONE?u=utoront
o_main&sid=AONE&xid=1e0ab665
Machtinger, Erika. 2017. Personal communication. PhD, CWB®, Assistant Professor of
Veterinary Entomology. Penn State University.
Mahan, C.G. and O'Connell, T.J. 2005. Small Mammal Use of Suburban and Urban Parks in
Central Pennsylvania. Northeastern Naturalist Sep 2005 : Volume 12, Issue 3, pgs 307- 314
https://doi.org/10.1656/1092-6194(2005)012[0307:SMUOSA]2.0.CO;2
Marzluff, J.M. 2005. Island biogeography for an urbanizing world: How extinction and
colonization may determine biological diversity in human dominated landscapes. Urban
Ecosystems, Volume 8, pg.157
Maser, C., R. G. Anderson, K. Cromack Jr., J. T. Williams, and R. E. Martin. 1979. Dead and
down woody material. Pages 78–95 in J. W. Thomas, editor. Wildlife habitats in managed
forests: the Blue Mountains of Oregon and Washington. U.S. Department of Agriculture Forest
Service Agriculture Handbook 553, Washington, D.C., USA.
McGill University. Canadian Biodiversity. Retreived Jan 2018 from:
http://canadianbiodiversity.mcgill.ca/english/ecozones/mixedwoodplains/mixedwoodplains.htm
McMartin, B. 2000. Landscape and vegetation effects on breeding songbirds in the forests of
southern Ontario. Unpublished PhD, University of Toronto, 144 pp. October 2000.
Mitchell, B.R., Tierney, G.L., Schweiger E.W., Miller, K.M., Faber-Langendoen, D. & Grace,
J.B. 2014. Chapter 10: Getting the Message Across: Using Ecological Integrity to Communicate
with Resource Managers. Application of Threshold Concepts in Natural Resource Decision
Manaing. Springer Science+Business Media. DOI:10.1007/978-1-4899-8041-0_10.
Myers, P., Lundrigan, B. L., Hoffman, S. M. G., Haraminac, A. P. and Seto, S. H. 2009. Climateinduced changes in the small mammal communities of the Northern Great Lakes Region. Global
Change Biology, 15: 1434–1454. doi:10.1111/j.1365-2486.2009.01846.x
NABSCI (North American Bird Conservation Initiative). 2016. State of the birds results
summary. Cornell university. Retrieved from:
http://www.stateofthebirds.org/2016/overview/results-summary/

Stepniak

Nilon, C.H., Long, C.N., Zipperer, W.C. 1995. Effects of wildland development on forest bird
communities. Landscape and Urban Planning,1995, Volume 32 , Issue 2 , pgs. 81-92
Oliver, T.H. Isaac, N.J., August, T.A., Woodcock B.A., Roy D.B., Bullock J.M. 2015.
Biodiversity and Resilience of Ecosystem Functions, In Trends in Ecology & Evolution, Volume
30, Issue 11, pgs. 673-684, ISSN 0169-5347, https://doi.org/10.1016/j.tree.2015.08.009.
Parks Canada Agency. 2007. Monitoring and reporting ecological integrity in Canada's National
Parks : Volume 2 : A park-level guide to establishing EI monitoring.
Pasari, J.R., Levi, T., Zavaleta, E.S. & Tilman, D. 2013. Several scales of biodiversity affect
ecosystem multifunctionality. Proceedings of the National Academy of Sciences (PNAS) 2013
Volume 110 (Issue 25) pgs. 10219-10222; published ahead of print June 3, 2013,
doi:10.1073/pnas.1220333110
Peper, P.J., McPherson, G.E., Mori, S.M. 2001. EQUATIONS FOR PREDICTING
DIAMETER,HEIGHT, CROWN WIDTH, AND LEAF AREA OF SAN JOAQUIN VALLEY
STREET TREES. Journal of Aboriculture. Volume 27 Issue 6.
Reid, F. 2006. Peterson Field Guide to Mammals of North America: Fourth Edition. Houghton
Mifflin Harcourt. ISBN: 978-0395935965
Reim, J.R., Blair, R.B., Pennington, D.N. & Solomon, N.G. 2012. Estimating Mammalian
Species Diversity across an Urban Gradient. The American Midland Naturalist. October 2012
Volume, 168 (Issue2) pgs. 315-332
Shochat, E., Lerman, S.B., Anderies, J.M., Warren, P.S., Faeth, S.H. & Nilon, C.H. 2010.
Invasion, Competition, and Biodiversity Loss in Urban Ecosystems. BioScience. March 2010
Volume, 60 (Issue3) pgs. 199-208
Sieg, C.H. 1987. Small Mammals: Pests or Vital Components of the Ecosystem. Proceedings of
the Great Plains Wildlife Damage Control Workshop. Retrieved from: University of Nebraska –
LincolnDigitalCommons:
http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1097&context=gpwdcwp
Şekercioğlu , Ç.H., Daily, G.C., Ehrlich, P.R. 2004. Ecosystem consequences of bird declines.
Proceedings of the National Academy of Sciences (PNAS) 2004 Dec 28; Volume 101 (Issue
52) pgs. 18042–18047.
TD Economics. 2011. Special Report - URBAN FORESTS: THE VALUE OF TREES IN THE
CITY OF TORONTO. TD Bank Group. Retrieved from:
http://www.td.com/document/PDF/economics/special/UrbanForests.pdf

Stepniak

Tierney, G. L., Faber-Langendoen, D., Mitchell, B. R., Shriver, W. G. & Gibbs, J. P. 2009.
Monitoring and evaluating the ecological integrity of forest ecosystems. Frontiers in Ecology and
the Environment, 7: pgs. 308–316. doi:10.1890/070176
Threlfall, C. G., Mata, L., Mackie, J. A., Hahs, A. K., Stork, N. E., Williams, N. S. G. and
Livesley, S. J. 2017. Increasing biodiversity in urban green spaces through simple vegetation
interventions. Journal of Applied Ecology, 54: 1874–1883. doi:10.1111/1365-2664.12876
United Nations – Department of Economics and Social Affairs. 2014. Novel urban ecosystems,
biodiversity, and conservation. Retrieved from:
https://esa.un.org/unpd/wup/publications/files/wup2014-highlights.Pdf
Van Wagner, C.E. 1968. The Line Intersect Method in Forest Fuel Sampling. Forest Science,
Volume 14, Issue 1, pgs 20-26, March 1968
Villarreal, M.L. Norman, L.M., Boykin, K.G. & Wallace, C.A.S. (013. Biodiversity losses and
conservation trade-offs: assessing future urban growth scenarios for a North American trade
corridor. International Journal of Biodiversity Science, Ecosystem Services & Management. June
2013 Volume, 9 (Issue2), pgs. 9 0-103
Watson, R & Lawson, R. 2003. Peterson‟s Field Guide: Birding By Ear – Eastern. Houghton
Mifflin Harcourt. ISBN: 978-0618225903.
Wolf, M. and Batzli, G. O. 2002. Effects of forest edge on populations of white-footed mice Peromyscus
leucopus. Ecography, 25: 193–199. doi:10.1034/j.1600-0587.2002.250207.x
Wolff, J.O. 1996. Coexistence of white-footed mice and deer mice may be mediated by fluctuating
environmental conditions. Oecologia (1996) 108: 529. https://doi.org/10.1007/BF00333730

