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Abstract

This study examined the existing, or potentiak o§invasion by street trees into an
urban forested park (Breithaupt Park, a 32.5 hectami-forested park, and its surrounding
residential neighbourhood in the City of KitchefeFhe primary research question is: What are
the spatial distribution and dispersal patternstiadet trees and park trees in urban areas? For
street populations, height, crown spread, dianatbreast height (DBH), tree condition, trunk
condition and foliage transparency were measuredlitative tree health indicators were used
to gauge the condition of the street tree poputabioly. For trees in Breithaupt Park, a point-
guarter sampling method combined with a line-péohpling method was used. There were 33
identified (and several unidentified) species oéat trees and 24 identified species of forest
trees. Acer platanoidesvas the most abundant street tree species, ¥bée saccharumvas the
most abundant forest tree species. 52% of thetstesepopulation and 9% of the forest tree
population were exotic species; however, the egatiere mainly species not originating from
the nearby streets (i.Bhamnus cathartigaDespite the well-established population of exoti
invasive species such Aser platanoide®n the streets, spatial assessment of the nearby
forested park revealed that relatively few exopie@es had actually established théweer
platanoidescomposed 1.9% of all trees, 3.2% of all sapling$ 2.7% of all seedlings in the
forest sample. The four possible sourceAadr platanoideseeds were trees planted on the
street, trees planted in backyards, the leaf ditegrsthe parking lot of Breithaupt Park (only in
the fall) and trees potentially planted directlythe forest. Explanations for the lack of invasion
by Acer platanoidegin particular) include: 1) houses located betweeer platanoidestreet
trees and Breithaupt Park functioning as a batoiseed dispersal; 2) the highway traversing the
northeast corner of the park; 3) the short lendttmre sinceAcer platanoidestreet trees
reached their age of maturity to produce enoughleiseeds to invade the forest and the lag time
in the establishment phase; 4) unique park charsiits; and 5) opposing predominant wind
directions. WhileAcer platanoidesnay be more invasive under different circumstanitegas
concluded thafcer platanoidess not currently invading the park at a considerate but may
be tending towards a future invasion. The mainmeoendations are: 1) to not cut down the
Acer platanoidegurrently growing as street trees as they do osé @ high risk of invasion
(though this is specific to the current study)i®jnanage the forest for invasive species and
remove and restore the ecology of the forest asssacy; 3) to removicer platanoides
currently growing in the forest; and 4) to replaead street trees with non-invasive, hardy
native trees instead of the historical plantind\oér platanoidesnd other exotics, in case the
risk of invasion changes because of climate ormudesign changes
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Chapter 1 - Introduction
1.1. Background

As urban development increased considerably dbeélgenning of the twentieth century
and again after the Second World War, a substamii@ber of trees were planted in urban
subdivisions throughout Canada (CBC News Onlin8520 Moll and Urban, 1989). This
phenomenon occurred in the cities of Kitchener\&faderloo, where currently, many trees as old
as fifty to seventy-five years (some even olden) lsa seen lining residential streets (CBC News
Online, 2005a; Grand River Conservation Author®RCA), 2004a). Both native and exotic
trees were planted and are currently found ontiieets of these residential neighbourhoods and
in more ‘natural’ areas such as forested parkshaitat corridors in urban areas (GRCA,
2004a). These trees together form the urban fatefihed as “the street trees, park and cemetery
trees, and yard trees in cities, towns and subytsited States Department of Agriculture
Forest Service (USDA Forest Service), 2005, plti3.thought that street tree populations can
function as an entry point for invasive speciethase species of trees are often horticultural
cultivars or introduced exotic species planteddardgns and yards and on streets (Farr, 2004).
From there, invasive species can disperse intd fedaral forests, changing the forest structure
(Farr, 2004). This potential problem is demonsttdtg the twentieth century’s most commonly
planted street treécer platanoidegNorway maple), as there are indications thegr
platanoidess capable of invading local forested parks frasidential streets, resulting in a
decrease in the ecological integrity of the urb@edt as a whole (Lanken, 1992; Webb and
Kaunzinger, 1993). Invasive species are nativexotie species that have a high reproductive
capability and proliferate within certain environm®to such an extent that they begin to have
significant, negative ecological effects on oth@aes in that environment (Kendle and Rose,
2000; Raloff, 2003). For all ecosystems, it is ingbe that the extent of invasion be
established, and that it is determined whether fiteicessary to remove the source of the invasive
species. This source includes both street treesraes planted on private property, which

produce seeds that can ultimately disperse inesfed parks.

The purpose of this study is to examine the spdisttibution and dispersal of the trees
in the urban forest. This study will utilize thestiries of urban forest ecology and its associated

theories to inform a methodological approach baseduantitative and qualitative observations



of the urban forest ecosystem. It will specificakamine the question of whether exotic trees
which are planted as street trees are successftiplishing themselves in nearby urban
forested parks. A further aim of this researcloidétermine whether other species of trees
should be planted on the residential streets atiteifiorested parks of the case study site, an
urban forest in the city of Kitchener, insteadlod turrent abundant planting of exotic species
such adAcer platanoide The main ecological benefit this would providewdobe to reduce the
potential for invasive exotic species to invaderbgairban forested parks, if this is indeed
occurring. The methodology, results and conclusairkis study will be beneficial to the urban
ecology academic community and urban foresterdi municipalities where forested areas and
streets meet. It will be especially useful for tiiban foresters of Kitchener who are currently

drafting an urban forest management plan.

1.2. Research Questions
The primary research question for this study is:
What are the spatial distribution and dispersaigpas of street trees and forested park

trees in urban areas?

The secondary research questions for this studgharfollowing:
* What is the relationship, if any, of exotic tre@sies planted on the residential streets
with those found in the nearby forested parks?
» Has the study site notably changed since the dassf study?
* What is the condition of the street tree populatiad the forest tree population?
* How transferable are the results of this studyirtolar urban areas?
« What recommendations can be made for Kitchenebaruforest management
policies to improve the long-term viability of Khener’s residential street trees and
forested parks?
« Are there ecological benefits in replacing exopieses of trees with native species in

Kitchener’'s urban forest?



1.3. Research Objectives

The research objectives of this study are the \foig:

1)

2)
3)
4)

5)
6)

to perform an inventory of the various types oétspecies found in a case study area of
Kitchener’s urban forest;

to determine the general condition of Kitchenettset trees;

to examine the spatial dispersal of exotic stnestd into nearby forested areas;

to ascertain whether there are negative ecologitatts in havingAcer platanoidess

the most predominantly planted street tree in atur;

to develop baseline tree inventory data which @anded for future research; and

to make recommendations to the City of Kitchenerceoning their urban forest

management plans.



Chapter 2 — Literature Review
2.1. Conceptual Framework

The concept of ecological integrity is the percaptans through which the underlying
theoretical framework for this research will be maed (Figure 1). This theoretical framework
is based on the theory of urban forest ecologyi@snakssociated theories: landscape ecology,
invasive species ecology, tree biology and urbasiremmental planning. Urban forest ecology
and its associated theories will guide the methaglohl approach used in this study to
effectively answer the research questions. An gpcdd assessment will be performed, involving
gualitative and quantitative measurements of thamforest and spatial and statistical analyses
of the collected data. Recommendations for urbagstananagement plans, such as that drafted
by the City of Kitchener, will be informed by anadwation of the results of the ecological

assessment.

Ecological Integrity

L

Urban Forest Ecology

J

Urban Forest Ecology Theories

l

Ecological Assessment

Urban Forest Management Plans

Figure 1. Conceptual Framework

2.2. Ecological Integrity

Parks Canada (2007) defines ecological integritiaandition that is determined to be
characteristic of its natural region and likelyprsist, including abiotic components and the
composition and abundance of native species anddital communities, rates of change and

supporting processes”. Ecosystems with high ecotbgntegrity are those that have high



biodiversity in combination with sustainable norreabsystem functioning and ideally, strong
components such as healthy trees (Society for Ga@EbRestoration International Science and
Policy Working Group (SER), 2004). Thus, ecologicébgrity can be evaluated by comparing
the condition of the study site with that of thesfpand the standard of the natural region that it i
in, and assessing the presence and abundanceve spécies and the structure and function of
the ecosystem as a whole. Interpretation of Pagksa@a’s (2007) definition means that the
presence of exotic species does not necessarilgsem a system with less ecological integrity,
unless these species alter key structure, funeti@hprocesses. This is important for urban
forests as very few can be expected to be pristiaiiye-only communities without the direct

influence of humans.

2.3. Urban Forest Ecology

The theory of urban forest ecology is a relativelgent theory which has effectively
united the theories of forestry and ecology indbesideration of an urban setting (Rowntree,
1988). It has advanced through a growing recogmiéiod appreciation of the benefits and values
of the urban ecosystem and has evolved from a focysire management of tree growth to a
science in which the ecological benefits of vegetain urban areas are recognized and
integrated into environmental planning and managemplans (Konijnendijk, 2003). Urban
forest ecology incorporates social values and siemformation in an attempt to manage
ecosystems in urban areas such that they are dsgbnee and ecologically and socially valuable
as possible. In addition to using unique methodsdhe not utilized in the traditional field of
forestry, urban forest ecologists also tend to $omu improving the structure and function of the
urban forest for their ecological, social and naditional economic values (Nowak et al.,
2002b). Many of the problems encountered by urbaest ecologists are related to the
degradation of the urban forest due to the unig@sses of it being in an urban environment
(Quigley, 2004). Ecologists are often guided byttieories of restoration ecology in the
mitigation of these problems (Hobbs and Harris,12@Quuluvainen et al., 2002).

The urban forest is a unique ecosystem experiertiffegent combinations of stressors
than many other ecosystems. It therefore requitesspecific research in addition to special

strategies and policies to govern its managemeahtasign. The four major problems that are



currently encountered in the field of urban foresblogy are: 1) mass urban tree death; 2)
invasive species; 3) management plans lacking sfteguistification; and 4) lack of appreciation
of the ecological, social and economic values efutban forest (CBC News Online, 2005a,;
Duncan, 2005; Kendle and Rose, 2000; Miller, 200%es in the urban forest also encounter
many stressors that their rural conspecifics @heenot subjected to at all, or are subjected to a
a lower frequency or magnitude (Table 1). Althotlggre are many hardships encountered by
the typical tree in an urban setting that are oftenconducive to healthy growth, it can also
provide numerous ecological, social and econommefis to the urban population (Table 2).

Table 1. Stressors of Urban Trees

Type of Stressor Examples
pollution, urbanization, paving, winter saltingupmg,
Directly construction, vandalism, recreational use, imparvisurfaces,
Anthropogenic poor planting, plowing, snow loading, planting abéc
species
Ecological eﬁepts of _urban a_nimals_and in\{asive species,ld_jetj soil
profiles, disease, insect infestations, fragmeoiati
Chemical soil, water and air pollution
increased runoff, increased evaporation from pawme
Hydrological restricted water infiltration and deep infiltratianadequate
drainage, drought
Climatological urban heat island effect, climatamche

(Duncan. 2005; Langdon, 2005; MacDonald, 1996; @ilR005; Ministry of Natural Resources,
2002; Moll and Urban, 1989; Perkins, 2004; Quig§02; Quigley, 2004; Raloff, 2003)

Table 2. Benefits of Trees

Type of Benefit | Examples

improving air and water quality, preventing erosiotoderating
air temperatures, removing air pollutants, sequiestearbon
dioxide, producing oxygen, filtering groundwateyclking
minerals and nutrients, absorbing chemicals, redusind
velocity, providing wildlife habitat, reducing rufipreducing

Ecological stormwater flow, mitigating the urban heat islaffe&
increasing property values, reducing the need datihg and air
Economic conditioning, developing the local economy, increg$ourism

providing shade, providing areas for recreatiomticling urban
reflection, improving the aesthetic value of thbamr landscape,
reducing noise pollution, maintaining a sustainaitg

Social contributing to better mental health

(Brack, 2002; Chiesura, 2004; Davis, 1995; Dwyalgt1992; Kenney and Rusak, 2005;
MacDonald, 1996; McLean, 2002; McPherson et aB4iMiller, 1997; Moll, 1989; Rowntree,
1988; Schroeder, 1989; Tagtow, 1990; Ulrich, 198bng, 1999)



2.4. Associated Theories of Urban Ecology
Landscape Ecology

Landscape ecology is concerned with the interastand connections of stands or
patches of forest with each other. Examples ofehateractions may include connection via the
dispersal of seeds or via habitat corridors (SHeasystem Consultants, 1992). Landscape
ecology is defined by Bell et al. (1997) as beimg ‘tstudy of processes occurring across
spatially defined mosaics (landscapes), and thatiakand biotic responses to those processes”
(p. 318). Landscape ecology is based on the conlcapspatial relationships have an effect on
the structure and function of individual ecosystefige three most important principles of
landscape ecology are: 1) time and space; 2) fggeeity; and 3) connectivity (Silva Ecosystem
Consultants, 1992).

The theories of fragmentation and connectivity@osely related in the study of
landscape metrics as they are both forms of coatiervstrategies involving spatial analysis
(Tischendorf and Fahrig, 2000). A study of fragna¢ioh involves an examination of the
processes whereby a fragmented landscape is craadeguantification and spatial analyses of
the fragmented habitats occurs (Ministry of Natirakources, 2002). Connectivity examines
how connected the patches of a landscape are thootfaer and how these patches can be ideally
connected to each other through habitat corriddisigtry of Natural Resources, 2002).
Connectivity can be defined as “the degree to whhiehlandscape facilitates or impedes
movement among resource patches” (Tischendorf ahdd; 2000, p. 633). In essence,
fragmentation and connectivity are not inverselgtesl, as a landscape with high fragmentation
can be considered to have high connectivity (Tiadbef and Fahrig, 2000). Both fragmentation
and connectivity theories involve a spatial analydithe patches of different land types in a
landscape and the effects that these have on mowedigpersal and habitat condition of local
flora and fauna (Tischendorf and Fahrig, 2000)aA¢gional scale, the study of the
fragmentation and connectivity between urban farssimportant as they influence the
ecological integrity of the urban forest, and oftErtermine the viability of certain species being
planted on the edges of these patches or beingeplam provide functional habitat corridors
(Neel et al., 2004).



The creation of forest edges and the formatiopadthes are a result of fragmentation.
This edge is a transitional zone where biotic dnidta properties such as different
microclimatic conditions than that of the interafrthe patch or that of the surrounding land
(Meffe and Carroll, 1997). Edge effects, such &#&inces in the amount of wind, direct
sunlight, shade, air temperature and humidity, ¢x&t between the edge of a forested area and
its interior will influence the type of species falin edge habitats (Bell et al., 1997; Murphy
and Martin, 2001). Different tree species and uaigaderstory species not found in the interior
of forested areas may be found at this edge. Thereal determination of an edge is
complicated as it is a zone of transition and difécult to decisively ascertain where the edge
of a habitat patch ends and the interior patchrize@fternandez et al., 2002). Area to perimeter
ratio is often used as a quantitative indicatathefeffect of the edge (Fernandez et al., 2002).
Another term, boundary, is used both in reference sharp edge, and in reference to a wider,
more gradual edge in which there is a more subataune of transition allowed between two
different habitat types (Cadenasso et al., 2008afat al., 2003). Edge effects must be
considered in the analysis of species survivaléeréain location as the influences of urban
stresses (e.g. salting, pavement, high winds) nedyigher at these edges. Edge habitat is often
more conducive to establishment by invasive andiespecies (either plant or animal) and thus
edge effects can have a considerable impact ospiees composition of the forest (Harper et
al., 2005). Edge conditions and their charactessteal for invasion by exotic species must be

considered in urban forest management strategies.

Invasive Species Ecology

An exotic species is a plant or animal “that wasoduced into an area where it did not
previously occur through relatively recent humativéees” (SER, 2004). An exotic species is
also known as an alien species, a non-indigencesespor an introduced species (Kendle and
Rose, 2000). Ecological benefits of exotic speniey include “structural diversification and
niche creation, food supply, facilitation of regeaten of natives (nurse species), modification
of disturbance (e.g., reducing erosion or fireg) dimectly compensating for the loss of a native
that was important for ecosystem function” (Kenaltel Rose, 2000, p. 23). While some of these
traits may be necessary for providing healthy uroaests that are able to contribute many

ecological benefits to the urban environment whéeng resilient to its stresses, exotic species



have a higher likelihood of being invasive thanmative species (Kendle and Rose, 2000).
However, scientific evidence does show that onlyntdduced species out of 1000 will become

aggressively invasive (Raloff, 2003).

Invasive species can be native or exotic, flordhonal, and can have many negative
effects on their surrounding ecosystem includirgpldicement of native species and potentially
negative effects on productivity and ecologicalgesses (Davies and Sheley, 2007; Martin,
1999). Their traits include: having an ability tmgy in a wide variety of environments, being a
hardy species, having even greater and more rapirdduction and growth than they would in
their native territories and negatively affectihg growth of native species, often because they
have fewer natural enemies in a new particularrenment (Martin, 1999; Sanford et al., 2003).
Invasive species place a large amount of stressmx@tosystem by changing its local micro-
climate to conditions not optimal for other specgrewth (Martin, 1999). They can do this by
changing the pH of the soil, shading the undersamiy by increasing competition for natural
resources (Metsger, 2000). For example, the ineaskoticAcer platanoidesiot only has a high
reproductive ability in its introduced environmeriisit also shades native trees sucAes
saccharumpreventing their growth as well (Sanford et 2003). Examples of invasive flora
and fauna in Southern Ontario inclu@eeissena polymorphé&ebra musselRhamnus frangula
(glossy buckthorn)Elaeagnus angustifoliRussian olive)Betula penduldsilver birch),
Ailanthus altissimdtree of heaven),ythrum salicaria(purple loosestrife)Morus alba(white
mulberry) andHedera helixEnglish ivy) (Claudi et al., 2002; Duncan, 20@&nford et al.,
2003; Waldron, 2003). Invasive species also incllidease and insects which have negatively
affected the forests of Southern Ontario. Examptdbese include Chestnut blight fungus
(Cryphonectria parasitica Dutch elm diseasé(phiostoma uln)j emerald ash boreAgrilus
planipenni3; gypsy moth [(ymantria dispay and the Asian long-horned beetfnpplophora
glabripennis)(Ontario Forestry Association (OFA), 2000; OFA, 20Barr, 2004; Pain, 2004;
Langdon, 2005).

Tree Biology
Acer platanoidess often described as a majestic tree, which caw ¢o an average of

12-30m in height at maturity, with a crown spredd®m and a diameter at breast height (DBH)



that has the potential to reach 190cm (Miller, 9@dnger, 2003). This species, with over 100
cultivars, has an expected lifespan in urban as€a80 years, but often only lives 55-70 years
(CBC News Online, 2005b; Lanken, 1992; Munger, J088er platanoidess a species native

to Europe and western Asia, and was introducelledJnited States in the late"™.8entury
(Munger, 2003; Nowak and Rowntree, 1999ger platanoidess often stated as being a
congener of the nativ&cer saccharunfsugar maple), but is distinguishable by its milkige,

the regular diamond pattern found on its grey trutsksamaras with wings at an obtuse angle
and its plump purplish-green or reddish-purple taainbuds (Farrar, 2005; Munger, 2003). It is
a late successional, monoecious and insect-palinsppecies whose fruit (samaras) germinate in
the spring, and mature and disperse in late suronfatl (Farrar, 2005; Munger, 2003). Its age
of maturity is 25 to 30 years old, and at this ag@hle seed production begins (Wangen and
Webster, 2006). The wind-dispersed samaras whicly ita seeds can travel an average of 50m

from the parent tree in a 10km/hr wind (Matlack87p

In the twentieth centuryAcer platanoidesvas a favourite tree for planting on
streetscapes due to its aesthetic appeal, rapidigiend its hardiness to the major stressors of
urban areas such as pollution, disease and conapsa@ile (Lanken, 1992; Munger, 2003;
Metsger, 2000; Meiners, 2005). It has been wid&nied in North America and is credited as
being the most commonly planted street tree inwleatieth century (Munger, 2003; Lanken,
1992). In forestsAcer platanoidegstablishes in canopy gaps, in edge habitat aticeimterior
(Munger, 2003)Acer platanoide$as proven to be a successful invasive specidsiitn
America due to its ability to shade out other fogmecies, precluding the growth especially of
shade intolerant native species, which quicklyvedlat to become dominant (GRCA, 2004a)
Acer platanoideproduces many seeds which have the opportunggtablish, forming many
shade-tolerant seedlings (Raloff, 2003; Munger3200einers, 2005). Though seeds may
establish themselves in the forest, a considetagléme may exist between the dispersal of the
seeds into the forest and range expansion, whiktdicative of invasion (Wangen and Webster,
2006). The success Ater platanoidesseedling establishment and growth in comparison to
Acer saccharunmay be explained by differences in seed physiobrgy predation (Meiners,
2005).Acer platanoideseeds are much larger (65% greater in mass) tivase DfAcer

saccharumand have a much lower rate of predation (Meirf#85).Acer platanoideseedlings
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also tend to be 98% larger than thos@&oér saccharundue to the larger seed size (Meiners,
2005). The larger seeds Ater platanoidegive it a competitive advantage as its larger
seedlings produce more shade, are shade tolerdnol@nate herbivory (Meiners, 2005). Since
many trees and groundcover are unable to grow wwdT dense shade, fewer species can grow,
resulting in a lower biodiversity of the forest (GR, 2004b). AlthouglAcer platanoidess

credited with being an excellent urban tree, itddoave its own limitations, including the
tendency to girdle itself with its own roots, beimghly sensitive to drought and that its trunk
tends to rot around the age of 60 years (Lanke®2;18pple and Manion, 1986).

Acer saccharuns a medium to tall tree, which at maturity caraswee 27-37m tall and
have a DBH of 76-91cm (Farrar, 2005; Tirmenste#91)). In contrast técer platanoidesit
has slender and pointed brown terminal buds, sawdth parallel wings and grey scaly bark
with an irregular pattern (Farrar, 2005). It deyslaleep roots and grows in rich, fertile, upland,
moist and well-drained soils, often with other liigaf trees such &agus grandifoliaglOFA,
2000; Metsger, 2000; Tirmenstein, 1991). Wiiker saccharunmas been known to live for up
to 300 to 400 years, it has an expected lifespatbofears in urban areas as long as it is not
growing in compacted soil, which considerably stwostits lifespan (CBC News Online, 2005b;
Tirmenstein, 1991)Acer saccharunms no longer a strong street tree as it tendetimtolerant of
soils with high sodium levels (often found with arbsalted streets) and highly sensitive to other
urban stressors such as air pollution, droughtcesehase (Farrar, 2005; Miller, 1997; OFA,
2000; Tirmenstein, 1991Acer saccharunis a shade tolerant species that grow readily unde
otherAcer saccharuntrees; however, studies show that they do not grelwunderAcer
platanoidedrees (Allen et al., 1992; Martin, 1999). In fadiartin’s (1999) study demonstrated
that plots with arcer platanoideganopy had 0%.cer saccharumegeneration. Aécer
saccharurmis a native species, it contributes to the ecalagntegrity of the forest by allowing
spring wildflowers and other native ground coveestablish underneath it (GRCA, 2004a).
Like Acer platanoidesits seeds are wind dispersed, but can travedrassf 100m from the parent
tree (Tirmenstein, 1991). Their age of maturitypooducing seeds is 30 to 40 years old and it
can be monoecious or dioecious (Tirmenstein, 19819outhern OntaricAcer saccharurhas
been affected by the maple petiole bofeaflocampus acericaulisndAnthracnos€OFA,
2005b; Natural Resources Canada, 2003).

11



Fagus grandifoliaglAmerican beech) is a native climax species, dibemd in
coexistence witlAcer saccharunm Acer saccharumFagus grandifoliaclimax forests in
Southwestern Ontario (Farrar, 2005). Its charastiersmooth grey bark and thick trunk allow
for quick identification in the forest (Waldron, @B, Farrar, 2005¥agus grandifoliatends to be
found on well-drained soils, can live up to 30@1@® years old and can grow up to 25m tall and
up to 200cm DBH (Waldron, 2003; Farrar, 2005)skeds are dispersed by both birds, such as
blue jays, and mammals (Waldron, 2003; Farrar, 208hen growing, seedlings require a site
which has shade and protection, and rarely grovegpén areas (Waldron, 2003). As such, a full
grownFagus grandifoliatree casts a deep shade beneath it, often shadirggher potential
species from growing, though it itself is very sbadlerant (Farrar, 2005; Waldron, 2003).
Fagus grandifoliatrees in Ontario have been severely affected cB®8ark Disease, which is
caused by interactions between a beech scale i@gsgttococcus fagisugand a fungus
(Nectria coccinea)Beech bark disease has been affedtagus grandifolian Ontario since
1999, and has resulted in the death of nféaxyus grandifolia(Waldron, 2003).

Rhamnus catharticccommon buckthorn) is an invasive shrub that cawgas tall as 7m
and has dark green, thick, smooth leaves with biagts and grey-brown bark (Farrar, 2005;
OFA, 2005a). In some forests of Southwestern Qmtéris currently growing at an exponential
rate (OFA, 2005a). Lik&cer platanoidesRhamnus catharticdensely shades the understory,
not allowing ground fauna and shade intolerant lgegzito grow (Raloff, 2003; Duncan, 2005).
It was introduced to Canada to act as a sheltespelties, but became an effective invasive
species as it can establish in a variety of enwramts, has an abundant seed production and
grows rapidly (Duncan, 2005; OFA, 2005Bhamnus cathartica also alleliotrophic which
means that it secretes chemicals which can ineevigh the growth of nearby plants (Waldron,
2003).Rhamnus catharticaeeds are dispersed by birds that ingest the seedbien deposit
them in other locations where they establish angvdDuncan, 2005; OFA, 2005a). As
Rhamnus catharticaan reproduce by sprouting, it is very difficidtdontrol by mechanical
means alone. Thus the Ontario Forestry Associagéoommends th&hamnus catharticiound
growing along fence lines and on the edge of ferashich tend to be the most prolific seed-
producers, be eradicated first (OFA, 2005a).
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Urban Environmental Planning

Though urban planning has traditionally focusedr@maging the built areas of a city,
urban environmental planning is an endeavour toagaihe interface between ecological areas
and built areas, and to improve and fully integtadéh (Marsh, 2005). Urban environmental
planning is a reactionary theory, which has devetoip response to the massive urbanization
over the past few centuries (Marsh, 2005). It edarrto both planning the future growth of
cities and to improving existing urban areas, butnately examines the relationship between
the built and natural environments, and how thisrface can be improved (Marsh, 2005). Urban
planning may consider issues such as whether ta alenonoculture or a diverse selection of
species; whether to allow for natural unaided ghoartutilize high management strategies;
whether it is even feasible to plant trees or otfegretation; and whether to allow exotic species
or only plant native species (Kendle and Rose, 20l and Ebenreck, 1989; Miller, 1997). In
terms of the field of urban forest ecology, urbaminmental planning specifically involves the
integration of the urban forest into the design plahning of future areas and improvement of
existing built areas, with the purpose of creatingoptimal relationship between these two

elements such that both benefit as much as possible

2.5. Ecological Assessment

Current ecological assessment methods are maialyaime methods that have been used
in forestry and other similar fields, but have nogen adapted, and modified, for use in urban
areas. Therefore, most of the problems and liromatiof the methods used in other fields have
either been dealt with, or at a minimum, have bestablished such that these limitations are
known and can be compensated for. There are aradge of methods used to evaluate the
urban forest, with varying objectives and uses [@8&l. For example, there are currently a
diverse number of models with varying foci, sucleasnomic valuation or ecological benefits
(Brack, 2002; Moll, 1995; Nowak et al., 2002b). \'¢hall of these methods have their strengths,
the methods used in this study were deemed toebmtist appropriate and effective for fulfilling

this study’s objectives.

13



Table 3. Alternative Methods Used in Urban Foresil&gy

Methods Types Purpose Research
Modelling | Urban Forest Effects | spatial analysis, analysis of | Moll, 1995; Wong,
(UFORE) model, economic value of urban 1999; MacDonald,
CityGreen forest, modeling of future 1996; Nowak et al.,
ecological functions and 2002b; USDA Forest
effects of disturbance and Service, 2005
change on the urban forest
Remote Laser altimetry, measurement of canopy covegrJensen and Hardin,
sensing Landsat Thematic vegetation types and leaf arep2005; Myeong et al.,
Mapper (TM) / estimation of carbon storage | 2006;
Enhanced TM (ETM)
Spatial Landscape Metrics measurement of Tischendorf and
Analysis fragmentation and connectivifyFahrig, 2000
of the landscape
Monitoring | TreesCount inventory of trees involving [ McLean, 2002,
collection of data and its Nowak et al., 2002a;
analysis to establish the Christensen et al.,
current condition of the urban 1996
forest and to create baseline
data
Statistical | Spatial examination of spatial Fortin et al., 1989;
Analysis Autocorrelation structure and spatial Houle, 2007; Liang e
Analysis Methods autocorrelation al., 2007
Tree Dendrochronology determination of tree age aph@air, 1978; Apple
Evaluation carbon dioxide content and Manion, 1986;

Webb and

Kaunzinger, 1993

Tree inventories are the primary method for detemg the composition of urban street

trees. A tree inventory involves a comprehensivanual, on-the-ground survey of a population

of trees (Kenney and Puric-Mladenovic, 2002). Osrgnound surveying has been found to be

much more reliable and accurate than other treenitavy methods such as remote sensing. This

is because determination of specific species ektre difficult at the resolution that remote

sensing is capable of producing (Lefsky et al.,20®n-the-ground tree inventories involve
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recording tree condition parameters such as theespef tree, location, canopy condition and
the presence or absence of disease or insects easlinng such variables as diameter at breast
height, tree height and canopy spread (Kenney and-Riladenovic, 2002; Quigley, 2002;
Welch, 1994; Jim, 2005; Miller, 1997; Nowak et 2002a; Philips, 1993; Hopkin et al., 2001).
A tree inventory performed recently in Scarboroughtario is thelrees Counprogram

(McLean, 2002). This program utilized tNeighbourWoodsethod, which is a tree inventory
program designed for community groups with limitexdning to perform an on-the-ground tree
inventory (McLean, 2002; Kenney and Puric-Mladerp2002).

One of the strengths of current tree evaluatiorhou is their simplicity. While
complicated methods involving invasive procedureshsas clipping of leaves, branches or
removal of the entire tree have been attemptedjesinave shown that less complicated
methods involving both easily-performed qualitatarel quantitative measurements are just as
accurate at reflecting tree health (Nowak et &022). Researchers can qualitatively and
guantitatively measure many different tree varialdtedetermine the condition or health of a
tree. The most commonly measured variables armetex at breast height (DBH), tree height,
crown spread, crown condition, trunk condition amdications of disease or insect infestations
(Kenney and Puric-Mladenovic, 2002; Quigley, 200&Ich, 1994; Jim, 2005; Miller, 1997,
Nowak et al., 2002a; Philips, 1993; Hopkin et 2001). Tree condition can also be used as a
predictor of probability of future disease or insedestations, as trees which are in poor
condition either have latent disease or insecstatens, or have a higher susceptibility to them
(Kenney and Puric-Mladenovic, 2002). The conditidrcertain parts of the tree, such as the
trunk and the crown, or the tree’s overall conditawe usually ranked on a numerical scale
(Miller, 1997; Nowak and O’Connor, 2001; Nowak &t 24002a; Magasi et al., 1996; Philips,
1993; Grey and Deneke, 1986; Quigley, 2002). Thalte of the above measurements are
analyzed to determine distributions of certain afales within the studied forested area, such as
diameter class, species, natives versus exoticianee and deciduous versus coniferous
distributions (Kenney and Puric-Mladenovic, 20023rkh, 1999, Welch, 1994). Certain
variables of each tree, such as canopy density,,[@BRrbpy width and height, can also be

compared against horticultural standards for thatiqular species to determine whether its
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growth is meeting horticultural norms (Schwets &nown, 2000). By integrating the above

information, the condition of a specific urban feirean be determined (Martin, 2005).

Geographic Information Systems (GIS) has becomg papular over the past decade as
a software tool for analyzing spatial data (MacDdn&996; Moll, 1995; Nowak et al., 2002b;
Wong, 1999). One type of spatial analysis is dgmagpping, which can be done using several
different techniques, including point density esttion and kriging (Fortin and Dale, 2005).
Point density estimation is a method of point patenalysis using either simple or kernel
density estimates to create density maps (Fotheaimget al., 2005). Kernel density estimation
is basically a smoothed version of simple denstimgtion, in which values within a specified
area are summed and then divided by the areaatecae overall density map (Theobald, 2003).
Kernel density estimation is used in a variety @blecations, such as examining the density of
amphibians in relation to their breeding sitest@ihouse and Semlitsch, 2007) and determining
hot spots of crime in national forests (Wing anahdiy, 2006). Kriging is a spatial interpolation
method used for spatial analysis and mapping ofemwmental variables. It is a “weighted
moving average technique” for mapping spatial pastsuch that they can be visually analyzed
(Fortin and Dale, 2005, p. 165). Other studies hawized kriging in varying applications, from
density mapping of animal species, such as moaseysi(Schmidt et al., 2005), to density

mapping of vegetation, such as understory invgsliamets (Davalos and Blossey, 2004).

2.6. Urban Forest Management Plans

Regionally, urban forest practices are often inftmen of policy and legislation, or
strategies concerning the conservation, presenamaintenance or management practices of an
entire region (Farr, 2004; Miller, 2005). At theycscale, urban forest management plans are
often adopted and applied to the entire urban fanes particular municipality as a whole
(Miller, 2005). Though single tree management igdkxd upon and implemented at an
individual level, these are often subjective dexisiguided by broader municipal urban policies
(Rhode Island Department of Administration InforroatServices, 1999).

Many municipalities are now focusing on creatingaur forest management plans to

address the growing importance of trees in urbeasarThese are often developed by urban
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foresters who have training or education in ecologforestry, in addition to arboriculture. Two
urban forest management plans that are applicalited study are the management plans of the
cities of Kitchener and Waterloo. The City of Waterhas an urban forest policy that came into
effect in 2001. It addresses issues such as tlewas urban forestry, specifications and
standards of new plantings, and design and plarofisgyeet trees (City of Waterloo, 2001).
Kitchener also has a tree management policy whih implemented in 2002. It includes a
vegetation plan and a tree preservation / enhanugohen (City of Kitchener, 2002). In general,
urban forest management plans may address maimgsahedules, suggested species lists,
planting priorities, urban tree policies, a deaisio either employ heavy management or natural
growth strategies, restoration strategies and raong programs (City of Kitchener, 2002; City
of Waterloo, 2001; Rhode Island Department of Adstration Information Services, 1999). In
an attempt to control invasive species, urbanpgoeies have even been implemented that
address nursery stocks (Pain, 2004). This legsiatontrols the types of species that nurseries
are allowed to stock to prevent potentially invasspecies, or species which may carry certain
invasive fungi, such a8hytophthorafrom establishing themselves in the communityr(Pa
2004). To improve municipal legislation, the Envinoental Commissioner of Ontario suggests
that “municipalities updating tree by-laws couldylreintegrating biodiversity considerations,
woodlands conservation and landscape-level issuedree conservation policy” (Miller, 2005,
p. 203).

One issue that has become increasingly importahhanessary to include in urban
forest management plants is biodiversity. A foreish high biodiversity is believed to be more
resilient to hardships such as disease, insedtatfens and climate changes which could
potentially decimate the population, and providesugety of habitats for wildlife (Kenney and
Rusak, 2005). A diverse stand of trees is morestasi to disease and insect infestations as both
usually specifically infect or target only certapecies. If a forest has numerous species of trees,
the disease may only decimate particular speciésanthe entire forest (Kenney and Rusak,
2005). In addition, as different species of treamgehdifferent tolerances of desiccation, solar
radiation levels, air temperatures and generalraptigenic effects such as salting and pruning,
some species may react poorly to changes in clioratgcroclimate, while others will thrive in

the new conditions (Kenney and Rusak, 2005). Thesetin urban forest will be more likely to
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survive these threats and situations if a diveesection of species is found. Moll and Ebenreck
(1989) suggest that an urban forest should be ceetpof a maximum of 5% of any specific
species and a maximum of 10% of any specific gehlis. is further supported by Kenney and
Rusak (2005) who suggest that urban street treelgiigns be composed of a maximum of 10%

of any specific species and 30% of any specifiaugen

2.7. Critical Knowledge Gaps and Contributions o Study

As the theories, methods and practices in the 6éldban forest ecology are still
evolving, quite a few critical knowledge gaps stdinain. There is an overall lack of baseline
data (Rowntree, 1988). Through tree inventoriesh &s those by Nowak et al. (2002a) in
Brooklyn and Chicago, these baseline data are eintinually developed but are still not
complete. Baseline data are necessary for eaci area, as each city creates unique conditions
for the survival of its urban forest (Nowak et @002a). As evidenced by Rowntree (1988), the
lack of baseline data was already a problem in E8®Bhas yet to be rectified. This study will
provide the necessary baseline data for futurdesud the City of Kitchener, such that trends in
the forest condition can be analyzed. Knowledgtnetistorical and present states and
predictors of future state is critical for develogiaccurate goals and objectives in urban forest

management policies.

The field of urban forest ecology is relatively yguas a formally recognized field in
academia. This has had implications for both uffoagst ecology methods and practices. Few
studies have utilized spatial analysis from ana@gichl perspective in their examination of urban
forests. In addition, only within approximately thast two decades have urban municipalities
begun to realize the benefits in using extensivensific data and information to inform
management policies of urban trees (Nowak et @02a; Nowak, 1994). As such, incorporation
of spatial analysis methods in the study of urb@as, and integration of urban forest ecology
theories into urban forest management and plaran@gtill relatively in their formative years.
Through the evolving practice of ecosystem managéntige value of ecological perspectives
and scientifically justified information are beingcognized and necessarily adapted into
planning and management strategies and policiesdbtinio and Wu, 2004). This study will

demonstrate how spatial analysis and statisticbearsed in the study of urban forests, in
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addition to demonstrating how urban forest ecolagg urban management policies can be

synthesized, especially through the recommendatlatghis study will make for policymakers.

Though studies concerning the ecologyoér platanoidesiave become much more
prevalent in the last decade or so (Martin and Ma2k06; Reinhart et al., 2006; Wangen and
Webster, 2006; Webb et al., 2001), there is a heefdirther research concerning the ecology of
invasive species such Aser platanoidesn North America. Specifically, more research is
needed to understand the interactions betwaen platanoidesind native North American
species, as well as the impactiafer platanoidegnvasions on understory species (Munger,
2003). One common practical question by urban feress whether there is a need to
immediately replace the invasive exotic specietseds planted on streetscapes, suohcas
platanoideswith non-invasive native species, a question tlagtbeen inadequately answered
thus far. This study will examine the possible ictgafAcer platanoide®n urban forests and
answer whethefcer platanoidegurrently planted on the streets should be imntelgia

replaced.

Thus, this study will fill these critical knowledged research gaps by:
a) creating baseline tree condition and speciesitreentory data for the city of
Kitchener;
b) demonstrating how urban forest ecology and urbanagement policies can be
synthesized;
c) examining the possible impactsAxfer platanoide®n urban forests;
d) determining whethéekcer platanoidesurrently planted on the streets should be
immediately replaced; and

e) making recommendations for urban forest managepians using scientific data.
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Chapter 3 — Study Site

The city of Kitchener, located in Southwestern &iat, was chosen as the case study for
this research as it is a representative size apdlation of many cities in Southern Ontario
(Figure 2) and it was near the University of WaterlIThe results, methodologies and
recommendations stemming from this study are patignapplicable and certainly testable with
other municipalities, especially ones where natarahs abut residential areas. The choice of
Kitchener had an additional purpose as staff wanise the results of this research in their urban
forest management plan, which is now being draffedrently, the City of Kitchener (1998) has
36,000 trees on its streets and an untallied, igotfeant, number of trees on its 1220 hectares
of woodland and parkland. Some of the key problefribe street tree population, as noted by
the City of Kitchener in their 1998 repofthe State of Kitchener’s Street Treegre: it was
estimated that 40% of the boulevard trees wouldwitiein five years, large cohorts of even-aged
trees were dying concurrently due to old age, qrakipgly low street tree species biodiversity,
many maturédcer platanoidesvere being killed by their girdling roots, manydrepecies were
exhibiting structural defects and evidence of diseand infestations, and construction activities

were severely affecting many of the large strestgr(City of Kitchener, 1998).

& Hitchener, Ontario
B Toronto, COntatio

Imagery From: Ministry of Natural Resources Natispaces, 2006
Figure 2. The City of Kitchener
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This study focused on a 127.5 hectare sectionk#ruforest encompassing Breithaupt
Park and its surrounding residential area. Withandity of Kitchener, this site was chosen for
this research as it is a medium-sized park whichahfmrested park which directly interfaces
with the surrounding residential neighbourhood.sTdllowed for a study of the interaction
between the planted residential street trees anddtural or planted adjacent forested areas.
Breithaupt Park itself is a 32.5 ha park that igfenborder of the contiguous urban areas of the
City of Kitchener and the City of Waterloo (Figu8g Early pioneers recorded a plethorahoér
sp, Fagus sp. Pinus strobus, Fraxinus sp., QuercusaspllJImus spin the County of Waterloo
(Schmidt, 1981). The site of Breithaupt Park likedynained relatively undisturbed until 1868
when a number of white pines were removed for sdlvaiivities (Schmidt, 1981). In 1913, the
City of Berlin (Kitchener) purchased the 26.8 hessaof land and designated it as Breithaupt
Park (Schmidt, 1981). By the late 1910s, the pawk ¢rown in size to 36.4 hectares and was
reportedly the largest park in Kitchener as thigetiSchmidt, 1981). From 1913 onward, the
park was surrounded by urban development, thougaliftntents and purposes, it remained a
natural area. Over time, modifications to the packurred, including: the City of Kitchener
supposedly removed much of the dead wood and dielorith aesthetic and practical purposes
in 1913; the grassy area north of the current parlat off Union Street was quarried for gravel
to be used in Victoria Park in 1915; mdPyussp. trees were cut down as Christmas tree by
thieves in 1919; residential housing units werdtlauound the park in the 1950’s, the roads
Maplewood Crescent and Valewood Crescent weredxdtinded into the park in 1951, and in
1969, Conestoga Parkway was built at the Northeéfasind of the park, effectively dividing it
into two distinct parts, and decimating approxiraie% of the original woodlot (Schmidt,
1981; Schmitt, 1990; Anonymous, 1919). Examinatiba city planning proposal illustrating
the Adam-Seymour Plan for the city of Kitchener #mel town of Waterloo in 1924 shows a
piece of land labelled Breithaupt Park which isp@milar to today’s perimeter of the park, with
the exception of Union Street and Conestoga Parkwagh did not transverse the park at that
time (English and McLaughlin, 1983). In terms cdpting within the park throughout the past
century, it is known that 1500 trees were plantetiveen 1910 and 1912 (just before the park’s
acquisition), that the Park Board plantkedjlans cinerea, Juglans nigemdUImussp. trees
throughout Breithaupt Park (exact location unknou)932 and that there were mapinus

strobustrees replanted as part of Earth Day 2007 in #teralization area just northeast of the

21



parking lot, near the original plantation®hus sylvestrigAnonymous, 1912; Anonymous,
1919; Anonymous, 1932).
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Figure 3. Breithaupt Park and its Surrounding Residl Area

23



Today, Breithaupt Park is a semi-forested park tvimiterfaces with residential streets
and is located near the major intersection of Erbeb East and Conestoga Parkway (Highway
85). The park is composed of baseball diamondiaygmund, splash pads, a community centre
and walking trails, in addition to an extensiveefsted area. The natural forested area of
Breithaupt Park currently covers an area of 20@dres. The studied area of Breithaupt Park
can be split into two primary sections, which dre mortheast section and the southwest section
(Figure 4). The northeast section covers an ar&8afiectares, while the southwest section is
considerably larger and covers an area of 14.AahesxtlLike many of the forests in Southwestern
Ontario, Breithaupt Park is &ter saccharum — Fagus grandifoliimax forest (Schmitt,

1990). Limited management of the park currentlyupscmainly involving mowing of the
grassed areas and removal of dead trees over frhidsigh there are signs indicativionca

minor andAcer platanoidesnanagement via removal, according to David Schmitt
(Environmental & Urban Forest Project Manager) ¢higais been only removal of dead trees and
existingAcer platanoidesiave only had their trunks marked but not remq&mhmitt, personal
communication, July 2007). The park is surroundgdibgle unit residences or institutions
(comprising 2.8km of the edge of the park), citgds (0.6km) and Conestoga Parkway (1.0km),
and there are many 7.6km (as of 1990) of trailsingnthrough the park, which occupy 1.2
hectares (Schmitt, 1990). The residential stragt®snding the park are single homes with front
yards which often have one or more trees. Majarveatpecies found in this park includeer
saccharumFagus grandifolia, Fraxinus americana, Fraxinus psylvanicaActaea rubra
(baneberry)andSolidago canadensi(€anada goldenrod) (City of Kitchener, 2007). Majo
exotic (and invasive) species found in this padtudeAcer platanoidesAlliaria petiolata

(garlic mustard)Vinca minor(periwinkle), Cynanchumossichum(dog strangling vine) and
Rhamnus catharticéCity of Kitchener, 2007). Overall, there are 3¥bWn tree species in the
park (12 exotic and 22 native), 12 known shrubsxdtic and 8 native) and 84 known
herbaceous species (34 exotic and 50 native) (Eiitchener, 2007).
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Figure 4. Sections of Breithaupt Park
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Chapter 4 - Methodology

A mensurative experiment was performed as any fufraontrol would hinder the
validity of the results. In this field researcheté was limited replication ability and data
collection was specific to the area studied. Thotlghresearch concentrated on one park within
Kitchener, the methods and procedures utilizedvedsas the overall results are assumed to be
generalizable to similar parks (in size, specigapasition or similar forest-street interfaces)
within other cities. Though comparing numerousssit®uld have been preferable, within the
parameters of this research, it was essentialigpoehensively study one site for the intensive

and extensive data and measurements that weretealle

4.1. Field Measurements
Fieldwork commenced at the study site in May of@8ad was completed in November
of 2006. The fieldwork consisted of two key compatsean examination of the street tree

population and an examination of a sample of thestatree population.

The first phase of fieldwork focused on the sttests that line the residential streets
surrounding Breithaupt Park. A boundary of at |&€&€m from the park was delineated within
which all street trees were measured. The widthisfboundary was chosen based on the fact
that all of the exotic species of street treesgaéed by a preliminary visual inspection),
especiallyAcer platanoideshad an average seed wind-dispersal distancenof(blatlack,

1987). The boundary distance chosen was intentiohih to ensure that all trees that could
possibly have any influence on the park were inetlid\ny street trees within this boundary but
on the other side of Conestoga Parkway, of whiehetvere very few, were not included in this
survey as it is highly likely that the parkway ssuhas a barrier to samara transmission. Within
this pre-determined boundary, all street trees whed their trunks on public property were
measured. Street trees are trees planted betweeoatt and the sidewalk on a particular street
and which are within the street allowance and floeeeunder municipal jurisdiction (Welch,
1994; Nowak et al., 2002a). Residential trees enltlickyards of homes and their front yards,
inside of the sidewalk, were not included, as dnith® objectives of this study is to make
recommendations to the municipal forest practitierm®ncerning the management of their

public urban forest and the trees that they hansdiction over. Residential trees, where
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possible, were counted as such, but no qualitativpiantitative measurements were taken.
Although a concerted effort was made to positivegntify each species of street tree, there
were some rare or obscure species whose identitgtined elusive. These trees were grouped

together as ‘unknown horticultural species’.

An inventory was used to measure the street treé@dsaa thorough and comprehensive
method, useful in determining the spatial distritsutand characteristics of the street tree
population at a certain point in time (Fancy, 20@)ring street tree sampling, the house
number, tree species, height, diameter at breagtth@BH) and radius of crown spread were
measured (Apple and Manion, 1986; Banks et al.91L9esence of disease or insects, other
trees located on the property and miscellaneowssradiout other abiotic or biotic conditions
were also made. These variables were chosen faureraent as they were determined to be the
most reliable, as well as the most commonly usddem condition analysis (Hopkin et al., 2001,
Schwets and Brown, 2000). Qualitative measurenmitee condition, trunk condition and
crown condition were based on Kenney and Puric-Bhagic’s (2002NeighbourWoods Tree
Inventory ReportTree condition was quantified on a scale of & tehere 1 indicated a tree with
extreme problems such as severe loss of limbshandtown, while 5 indicated a tree without
any visible symptoms of damage, disease or brakdsl (Kenney and Puric-Mladenovic, 2002,
p. B-1) (Table 4). These criteria were used tomeitge an individual tree’s condition and
cumulatively determine the entire residential sttese population’s condition. These methods
have been found to accurately reflect the ovemlddion of an individual tree, and have been
used in numerous other tree condition evaluatiodiss (Kenney and Puric-Mladenovic, 2002;
Quigley, 2002; Welch, 1994; Jim, 2005; Martin, 198@wak et al., 2002a).
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Table 4. Tree Condition Class and the Criterialflois Condition

Condition Class Description

5 - Excellent Tree is without any visible systems
4 - Good No apparent problems

3 - Fair Minor problems

2 - Poor Major problems

1 - Very Poor Extreme problems

(Source: Kenney and Puric-Mladenovic, 2002, p. B-1)

For both forest and street trees, approximate agedetermined using the International
Society of Arboriculture’s (1988) table, for detening tree age which involved multiplying a
pre-determined factor unique to each species bipBie of the tree. These factors were
determined from studies on different species indlaads, timber woodlots and landscape
plantings in Ohio (International Society of Arbariture, 1988). Though the growth rate of a tree
depends on a number of variables, including clinthie factors used here are still valuable as
approximations of tree age (International Socidtgoriculture, 1988). DBH was measured
using a measuring tape calibrated to convert cifetence to diameter. Diameter of the trunk
was measured at approximately 1.3m from the ba#igedfunk as this is the standard height
considered to be ‘breast height’ (LandOwner Reso@entre et al., 1996). Tree height was
measured by using an Abney Level which uses trigaiac functions to determine the height
of a tree. Crown cover was measured using an gstiofidghe foliage transparency of the tree.
This was out of a maximum value of 100%. Thus,laevaf 100 indicated that one could not
view any of the sky above and that the view waga@gtof the crown (either leaves or
branches), while a value of 0 indicated a transgase®wn in which only the trunk and dead
branches were present. The Universal Transversedier(UTM) grid co-ordinates of each tree
were determined by locating the associated hougétsitree on the 2003 aerial photographs
(UTM zone 17N, North American Datum 1983). Theseyegcale aerial photographs had a
resolution of 10cm, and are available on the Citiicchener’'s website (City of Kitchener,
2003). On this website, it was possible to intevaty retrieve the UTM co-ordinates for each
tree.
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The second phase of fieldwork involved systematio@ing of the forest. The objective
of this inventory was to obtain a comprehensiveasyof the types of species, their
characteristics and their distribution within tleedst without having to measure every tree.
Shiver and Borders (1996), Husch et al., (1982)Bwaadtk and Wood (1998) all note that
systematic sampling is the preferred sampling ntefboforest inventories because it is a quick,
inexpensive, unbiased and reliable method of aaoént tree population means and general
characteristics. In their comparison of the acopaandom and systematic sampling when
assessing residual stand damage, Han and Kell@§§)2stablished that, for determining the
composition of a forest, systematic plot sampliregwearly as accurate as a full inventory of
every tree. The systematic sampling methods ust#dsmesearch were point-quarter sampling
and line-plot sampling. Point-quarter sampling wasd to determine the relative abundance of
each tree species and to systematically, but uméaased manner, choose individual trees for
extensive measurement of their characteristicsoiAtguarter sampling method was chosen
instead of a wandering quarter sampling methoti@sportant factor of distance to the edge is
easily measurable using point-quarter samplinglenhivould not have been if a wandering
guarter sampling method was used. A point quaaepding method has been used by Larson
and Waldron (2000), Christopher and Barrett (2008)]ins et al., (2006), and Ehrenfeld
(2004) in their studies of forests, while other nwets, such as transects and quadrat or line-plot
sampling have been used by Allen et al. (1992)tifret al. (1989), Martin (1999) and Wangen
and Webster (2006). Many of these studies, suthaady Ehrenfeld (2004) and Christopher
and Barrett (2006), utilized a combination of @atnpling and point quarter sampling, as was
also used in this study. Utilizing line-plot sanmgjiin the current study, the absolute number of

each species of seedling, sapling and tree wasedper 3m radius (28.3plot.

The forest study site included both the southwedtreortheast sections of Breithaupt
Park but did not include the section of the panktis@f Union Street. This latter section was
primarily composed of fields, baseball diamonds amdmmunity centre. This part of the forest
has few trees in relation to the rest of Breithd®gtk and is not really considered part of the
natural forested area. The forested area soutmmnStreet is also much more disturbed, with
picnic areas, picnic shelters and many trails &nd,tit was not included in this study. Using the

point-quarter sampling method, a series of lineseweeated transversing the study site. These
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lines were parallel, going from a compass directibnorthwest to southeast, as this was the
approximate direction of the prevailing winds a gtudy site. Points were systematically chosen
along each line. A greater density of sample poagre allocated near the edge (every 10m),
while less were allocated to the interior (everyn20to ensure that exotic species presence was
detected in the event that it was very low ovei@dincy, 2000). These plots were located in 10-
20m increments based on ground distances andughdtrrizontal sampling distances. While
species such ascer platanoidesio not require edge habitat to establish, inghusly the edge
was hypothesized to be the area within which inxeaekotic species would have the highest
density and the location at which they would attetogenetrate the forest, especiallyAaer
platanoidess primarily wind-dispersed and its source wasliiiprimarily exterior to the forest
(Matlack, 1987; Munger, 2003). Increasing the istgnof sampling at specific areas of interest
throughout the sampling area is a method suggéstéae National Parks guidéuidance for

the Design of Sampling Schemes for Inventory andiittiing of Biological Resources in
National Parks(Fancy, 2000). At each point along the createeklithe closest tree with a DBH
of greater than 5cm and within a 3m radius was oredswithin each quadrant; these being
north, west, east and south quadrants (Wangen aatdtéf, 2006). Tree species, location,
groundcover, approximate age (successional statiasheter at breast height (DBH), crown
cover and tree height were recorded for every tdres (Allen et al., 1992; Eastern Ontario
Model Forest, 1997; Millard, 2000). A true pointagter sampling method would involve
measuring the closest tree within each of the fipdajuadrants (north, south, east or west) no
matter how far away the particular tree was. Withis site, it was not always possible to
measure the closest tree within a specific quadeandften this tree was a substantial distance
away. A distance limit of 3m was placed on eachdgasst, and if no tree was within this
threshold, a designation of null was assigned. T@alhanges in the composition or structure
of the transects were not directly studied as adequate amount of time elapsed over the
course of the study to observe any major natuil ffoman-initiated) change in the structure of

the forest or in the individual tree conditions.
The field methodology also incorporated line-platngpling which utilized the same

points that were used in the point-quarter samplagh point was used as the centre of a 3m

radius circle plot in which all seedlings, saplingses, and groundcover were recorded. The
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number and type of saplings and seedlings withat éaed 3m radius plot, though their specific
characteristics were not measured, were recordddthat an estimate of the future overstory
canopy type could be ascertained by indicating:tiveent viability of understory exotic or native
species. Though of a drastically smaller size andimmore frequent than that suggested by the
Eastern Ontario Model Forest for plot sampling,gbtip and layout of the plots followed that
suggested by the Eastern Ontario Model Forest (198ithin each plot, groundcover and
seedling data were also collected; however, treui@cy is questionable as they were collected
over a five month period in the forest, and werkected mainly to provide additional context.

4.2. Spatial Analysis

All forest plots and individual street trees wewedaid on an aerial photograph of the
site using the Geographic Information Systems @ogkrcGIS Plotting of the site, the trees,
their conditions, the species and the type of ge@xotic vs. native) were completed using this
GIS software. These plots were geo-located by usiegerial photograph and ground distances
along the sampling line (heading in a compass timeof southeast) from the edge. For each
plot, the mean distance to the closest visual efltjee forest was measured, in addition to
summing the number of trees, saplings and seedliegspecies per plot. Density maps of tree
and sapling densities of all species, as well &dysAcer platanoidesnd solelyRhamnus
catharticawere interpolated from plot-scale raw densitidagisrdinary kriging. The
parameters of this procedure included an auto@iroel range of 70 m, and a so-called nugget
variance of 30% of the overall variance (or sillis combination of parameters produces a
smoothed density map that reduces the impact af andom variation and highlighted the

general patterns and trends of tree density.

4.3. Statistical Analysis

The mean DBH, height and crown radius were detethfor every species within both
the street tree and forest populations. Mean weeiton and crown condition were also
determined for every species of street tree, whigan overstory canopy percentage was
determined for each species in the forest populatising the data collected utilizing the line-
plot sampling method, density Ater platanoidesrees and all species of trees were plotted

against distance to the visual edge using bar.dfatgher statistical analyses included both
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inter- and intra-species comparisons, calculatigndance of native and exotic species, and

relative abundance of each species.
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Chapter 5 - Results
5.1. Location of Urban Forest Plots and Street Free

The two primary areas examined in this study wieeeforest tree population and the
street tree population (Figure 5). Also measurecewge 22 trees intentionally planted within

the park, mainly around the parking lot and grasseldren’s park area.
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& Forest Plots

@ All Cther Street Tree Species

. Acer platanoides Street Trees

@ Park Planted Trees

Imagery From: City of Kitchener, 2003

Figure 5. Spatial Distribution of the Forest Platal Street Trees in Breithaupt Park and the
Surrounding Residential Area
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5.2. Street Tree Composition and Characteristics

Overall, the street trees in the residential areeounding Breithaupt Park were a varied
population, representing 33+ different speciedrefes trees. In total, 799 street trees were
completely measured in this inventory. The follogvfigure (Figure 6) illustrates the species of
street trees, their absolute numbers counted andplrcentage as a proportion of the street tree
population. The species with the largest numbeéreafs planted wakcer platanoidesvhich
composed 42% of the street tree population, foltbimgFraxinus american10%),Acer
saccharum(5%), Staphylea trifolia %) andJuglans cinere€5%).

35



Street Trees
Acer Davidii, 13, 1.6%

unidentified horticultural
species, 52, 6.5%
Tilia americana, 2, 0.3%

Acer platanoides , 335,
41.9%

Staphylea trifolia, 41,
5.1%

Ribes uva-crispa, 12,
1.5%

Quercus rubra, 5, 0.6%

Pyrus Aucuparia, 22,
2.8%
Prunus pennsylvanica, 3,
0.4%

Pinus resinosa, 1, 0.1%
Prunus avium, 23, 2.9%
Ostrya virginiana , 2,
0.3%
Populus tremuloides, 1,
0.1%

Betula alba, 23, 2.9%
Catalpa speciosa, 1, O.

Fagus sylvatica, 9, 1.1%
Fraxinus excelsior, 2,
0.3%

Morus alba, 1, 0.1%

Robinia pseudoacacia, 1,
0.1%

Acer pseudo-platanus, 1,
0.1%

Acer rubrum, 2, 0.3%

Acer saccharinum, 4,

0.5%
Acer saccharum, 41

Betula papyrifera, 83,
10.4%

Carya ovata, 2, 0.3%
Fagus grandifolia, 2,

Malus sp., 10, 1.3%

Juniperus virginiana , 5,
0.6% Juglans cinerea, 38, 4.8%

Gleditsia triacanthos, 4

Figure 6. Composition of Street Tree Populatione(3gs, Absolute Number of Trees, Species Percepfape Population) with Red

Labels Indicating Exotic Species
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Within the street tree population, approximately#®r 362 trees, were native species and 52%, ©tr88s, were exotic
species. The most abundant native species \Wweaginus americang83), Acer saccharunf41l), Staphylea trifolia41) andJuglans
cinerea(38). The most abundant exotic species wacer platanoide$335) andBetula alba(23). Not including the unidentified
horticultural trees, there were 8 species of exsitieet trees and 25 species of native street {@aesall, the mean DBH of all species
was 21.5cm (+/-15.0cm), the mean height was 7.59/3.0m), the mean radius was 3.0m (+/-1.8m), thamieee condition was 3.7
(+/-0.8) and the mean crown condition was 68.7%2@31%). The following table (Table 5) indicates thean diameter at breast

height, mean height, mean crown radius, mean treditton, and mean crown condition of the streee fpopulation.
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Table 5. Descriptive Summary of the CharacterigiicStreet Tree Population

Species Absolute Mean Crown Mean Tree Mean Crown
(with over 25 | Number | Mean DBH | Mean Height (m)| Radius (m) Condition Condition (%)
street trees) of Trees | (cm) (+/-SD) (+/-SD) (+/-SD) (+/-SD) (+/-SD)

Staphylea trifolia 41 9.2 (+/- 4.4) 4.3 (+/-1.3) 1.9 (+/-0.8) 3.6 (+/-0.6) 75.1 (+/-20.9)
Juglans cinerea 38 8.5 (+/-6.4) 4.4 (+/-2.1) 1.4 (+/-1.0) 4.0 (+/-0.5) 71.4 (+/-21.7)
Prunus avium 23| 27.9 (#/-7.2) 6.4 (+/-1.2) 4.1 (+/-1.0) 3.2 (+/-0.7) 56.1 (+/-24.1)
Betula alba 23 7.2 (+/-7.5) 4.0 (+/-1.6) 1.3 (+/-0.7) 3.9 (+/-0.4) 51.3 (+/-24.9)
Fraxinus
pennsylvanica
(green ash 23| 18.8 (+/-6.2) 6.9 (+/-2.6) 3.0 (+/-1.5) 3.3 (+/-0.5) 71.3 (+/-13.8)
Pyrus aucuparia 22| 15.0 (+/-5.7) 6.7 (+/-2.4) 2.3 (+/-0.9) 3.9 (+/-0.5) 74.8 (+/-14.8)
Acer platanoides 335| 29.8 (+/-12.7) 9.0 (+/-2.4) 4.0 (+/-1.5) 3.5 (+/-0.8) 74.9 (+/-20.6)
Acer saccharum 41| 30.4 (+/-18.4) 13.8 (+/-8.0) 3.7 (+/-2.4) 3.0 (+/-1.3) 52.4 (+/-29.1)
Fraxinus
americana, 28| 18.8 (+/-15.4) 8.4 (+/-4.8) 2.6 (+/-1.9) 3.8 (+/-0.9) 67.1 (+/-28.7)
Betula papyrifera 83 6.1 (+/-6.3) 3.7 (+/-1.8) 1.3 (+/-0.8) 3.9 (+/-0.5) 50.4 (+/-20.3)

5.3. Forest Tree Composition and Characteristics

In contrast to the street tree population, thedbtree population was composed of 4R6ér saccharuml9%Fraxinus

americana 11%0O0strya virginiana,5% basswood and 4%agus grandifolialn total, 1203 forest trees were completely mesgin

this inventory and 7900 trees and saplings wererdec!. Using the line-plot method of sampling, &saetermined th#cer

platanoidescomposed 1.9% of all sampled trees in the foB2%o of all sampled saplings and 2.7% of all sachgkedlings. Using
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the results from the point-quarter sampling mettioe following figure (Figure 7) illustrates theegjes of forest trees, their absolute

numbers measured and their percentage as a papoftthe measured forest tree population.
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Forest Trees in Breithaupt Park (DBH >5cm)

Acer saccharum, 502,
41.7%

Robinia pseudoacacia, 1, Acer rubrum, 2, 0.2%

0.10/?] .
Rhamnus cathartica, 44,
3.7%

Cornus alternifolia , 1,

Pinus sylvestris, 35, 2.9%
0.1%

Morus alba, 3, 0.2%

. Cornus racemosa, 2, 0.2%

Acer platanoides, 26,
2.2%

Fagus grandifolia, 49,

Ulmus americana, 1, 0.1% 4.1%

o

E—

Viburnum trilobum, 1,
0.1%

Tilia americana, 62, 5.2%
Sambucus pubens, 1, 0.1%

Fraxinus americana, 223,
18.5%

Fraxinus pennsylvanica
(red ash), 4, 0%

Rhus typhina, 3, 0.2%
Quercus rubra, 18, 1.5%

Quercus macrocarpa, 1, Juglans nigra, 34, 2.8%

0.1%
Prunus serotina, 23, 1.9% populus tremuloides, 23 Populus fastigiata, 7, Ostrya virginiana , 137,
1.9% 0.6% 11.4%

Figure 7. Composition of Forest Tree Populatione(igs, Absolute Number of Trees, Species Perceofage Population) with Red
Labels Indicating Exotic Species
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Within the sampled forest tree population, appratety 91%, or 1094 trees,
were native species and 9%, or 109 trees, werdcesqpgcies. The most abundant native
species includedAcer saccharun501),Fraxinus americang223),0strya virginiana
(137),Tilia americana(61) andFagus grandifolia(49). The most abundant exotic
species includedRhamnus catharticéd4), Pinus sylvestri$35) andAcer platanoides
(26). Overall, there were 5 different species aftexforest trees and 19 different species
of native forest trees.

Upon examination of the two primary sections offibvest (the southwest section
and the northeast section) separately, a slighrdifice in the species composition
existed. Using the point-quarter sampling methbdais determined that in the southwest
section of the forest, approximately 89%, or 5@&$; were native, while 11%, or 64
trees, were exotic. In the northeast section ofdhest, approximately 93%, or 577 trees,
were native, while 7%, or 45 trees, were exoticeall, the mean DBH of all forest
species was 19.4cm (+/-15.4cm), the mean heightiwasn (+/-7.0m), the mean crown
diameter was 5.5m (+/-3.1m), and the mean oversianppy was 74.6% (+/-22.9%).
Using the results from the point-quarter samplireghod, the following table (Table 6)
illustrates the mean diameter at breast heightprhegght, mean crown diameter and
mean overstory canopy of the forest trees.
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Table 6. Descriptive Summary of the Characterisiidsorest Tree Population

Mean Mean
Species Mean DBH Crown Overstory
(with over 25 (cm) Mean Height | Diameter | Canopy (%)
forest trees) | Total| (+/-SD) (m) (+/-SD) | (m) (+/-SD) (+/-SD)
Fagus 19.3
grandifolia 49 (+/-16.3)| 13.6 (+/-7.4)| 6.1 (+/-3.7)| 82.9 (+/-17.2)
Tilia 16.6
americana 62 (+/-13.6)| 10.6 (+/-6.9)] 5.0 (+/-3.2)| 72.4 (+/-25.8)
Prunus 20.3
serotina 23 (+/-16.6)| 13.4 (+/-7.3)] 5.8 (+/-3.4)| 76.9 (+/-24.4)
27.4

Juglans nigra 34 (+/-14.0)| 16.0 (+/-5.8)] 6.6 (+/-3.0)] 66.5 (+/-20.0)

Rhamnus 6.6

cathartica 44 (+/-2.1) 5.6 (+/-1.8)| 3.0 (+/-1.2)| 81.5 (+/-20.2)
Ostrya 13.2
virginiana 137 (+/-11.6)| 12.5 (+/-5.7)] 4.8 (+/-2.4)| 77.9 (+/-19.9)
Acer 12.9
platanoides 26 (+/-11.3)| 10.3 (+/-6.4)] 4.4 (+/-1.9)| 76.6 (+/-23.2)
Pinus 29.5
sylvestris 35 (+/-11.1)| 19.6 (+/-6.8)] 5.0 (+/-1.9)| 70.0 (+/-28.3)
Acer 24.7
saccharum 502 (+/-16.5)| 17.1 (+/-6.6)| 6.5 (+/-3.4)| 76.2 (+/-21.6)
Populus 11.2
tremuloides 23 (+/-3.8)| 11.7 (+/-5.5)] 4.1 (+/-1.4)| 78.0 (+/-21.2)
Fraxinus 13.0
americana 223 (+/-10.7)| 11.9 (+/-5.9)] 4.1 (+/-2.3)| 68.2 (+/-24.9)

5.4. Age of Street Trees and Forest Trees

The following table (Table 7) illustrates the appmate mean age of tree species
measured as determined using the age multiplicédictor as determined by the
International Society of Arboriculture (1988). Fetample, age dhcer platanoidesvas
estimated by multiplying its DBH in inches by 3.5 equivalently, its DBH in cm by
1.38. The range in age Ater platanoidesorest trees spanned from 6.9 years (for the
smallest tree with a DBH of 5¢cm) to 66.7 years {far largest tree with a DBH of
46.2cm). The species included in the table arestfamswhich the age multiplication
factor was available and of which there were mbamt10 individual trees measured in
this study.
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Table 7. Approximate Age of Forest Trees and Sifee¢s

Street Trees

Absolute | Mean
Number DBH Mean DBH Approximate
of Trees | (cm) (inches) Factor Age
Fagus grandifolia 2 34.8 13.7 6 82.1
Betula alba 23 7.2 2.8 4 11.4
Fraxinus
pennsylvanica
(green ash 23 18.8 7.4 3.5 26.0
Acer platanoides 335 29.8 11.7 3.5 41.1
Acer saccharum 41 30.4 12.0 4 47.9
Fraxinus
americana| 28 18.8 7.4 4 29.7
Betula papyrifera 83 6.1 2.4 4 9.6
Forest Trees
Absolute | Mean
Number DBH Mean DBH Approximate
Species of Trees | (cm) (inches) Factor Age
Fagus grandifolia 49 19.3 7.6 6 455
Prunus serotina 23 20.3 8.0 4 32.0
Juglans nigra 34 27.4 10.8 3.5 37.7
Acer platanoides 26 12.9 5.1 3.5 17.8
Pinus sylvestris 35 29.5 11.6 3.5 40.7
Acer saccharum 502 24.7 9.7 4 38.8
Fraxinus
americana 223 13.0 5.1 4 20.5

5.5. Spatial Distribution

(International Society of ArboriculturE988)

Spatial analysis of the field site involved mappihg density of all specieécer

platanoidesandRhamnus catharticthroughout Breithaupt Park. Results from the line-

plot sampling method were used for the followirgufies (Figures 8 to 13). Note that the

magnitude of tree density differs between the megsilting in different color scales.

For example, the color scales on the density magh gpecies of trees and the density

map ofAcer platanoidesrees are dramatically different.
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0,26 stemsim?2

Low: 0.00 stemsim 2

Imagery From: City of Kitchener, 2003
Figure 8. Density of Trees of All Species in Braitipt Park
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High : 0.034 stemsim?2

Low : 0.000 stemsim 2

Imagery From: City of Kitchener, 2003
Figure 9. Density oAcer platanoidegrees in Breithaupt Park
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Legenid

High : 1.06 stemsim?2

Low: 0.00 stemsim 2

Imagery From: City of Kitchener, 2003
Figure 10. Density of Saplings of All Species irehaupt Park
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Legend

High : 0,12 stemsim?2

Lowr : 0.00 stemsim 2

Imagery From: City of Kitchener, 2003
Figure 11. Density oAcer platanoides$aplings in Breithaupt Park
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Legenid

High : 0.11 stemsim2

I Low: 0.00 stemsim 2

Imagery From: City of Kitchener, 2003
Figure 12. Density oRhamnus cathartic@rees in Breithaupt Park
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Legenid

High : 0.77 stemsim2

Low: 0.00 stemsim 2

Imagery From: City of Kitchener, 2003
Figure 13. Density oRhamnus cathartic&aplings in Breithaupt Park
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The following figures (Figures 14 and 15) are blatillustrating the density of all species of
forest trees versus distance to visual edge, andehsity ofAcer platanoidesrees versus

distance to visual edge respectively.
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Figure 14. Density of All Measured Forest TreesDistance to Visual Forest Edge
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0.0025

0.002

0.0015

0.001

Density ofAcer platanoidesTrees (stems/?m

0.0005

0-19.99 20 -39.99 40 - 59.99 60 - 79.99 80 - 99.99

Distance to Visual Edge (m)

Figure 15. Density of All Measureikcer platanoides-orest Trees vs. Distance to Visual Forest Edge
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5.6. Comparison of 1990 and 2006 Studies

In 1990, a study of Breithaupt Park was performg@®bavid Schmitt, who is currently the Environmer&alUrban Forest
Project Manager for the City of Kitchener (Schmi®90). Although the sampling methods differed am@itt’'s (1990) study in
comparison to those used in this study, it is géllable to examine both change in species coriosind characteristics over the

last 15+ years. The following table (Table 8) ithases a comparison of these results.

Table 8. Comparison of Inventory Results from 2866 1990.

Inventory 2006 Inventory 1990

DBH | DBH | DBH DBH | DBH | DBH

5-24 | 25-40 | 41+ 5-24 | 25-40 | 41+

cm cm cm Total | Percent cm cm cm Total | Percent
Acer saccharum 259 157 86| 502 41.7| | Acer saccharum 112 113 22| 247 42
Fraxinus
americana 204 10 9| 223 18.5| | Fraxinus americana| 126 6 3| 135 23
Ostrya virginiana| 121 8 8| 137 11.4| | Ostrya virginiana 36 0 0 36 6
Tilia americana 49 6 7 62 5.2 Fagus grandifolia 11 3 10 24 4
Fagus grandifolia| 32 10 7 49 4.1 Prunus serotina 18 4 2 24 4
Rhamnus
cathartica 44 0 0 44 3.7 | | Pinus sylvestris 10 14 0 24 4
Pinus sylvestris 10 19 6 35 2.9| | Tilia Americana 8 11 1 20 3
Juglans nigra 12 18 4 34 2.8| | Rhamnus cathartica| 17 0 0 17 3
Acer platanoides 23 1 2 26 2.2 Ulmus Americana 17 0 0 17 3
Prunus serotina 16 5 2 23 1.9| [ Pinus strobes 2 5 8 15 3
Populus
tremuloides 23 0 0 23 1.9 Quercus rubra 0 2 9 11 2
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DBH | DBH | DBH DBH | DBH | DBH

5-24 | 25-40 | 41+ 5-24 | 25-40 | 41+

cm | cm cm Total | Percent cm | cm cm Total | Percent
Populus fastigiata 7 0 0 7 0.6| | Juglans cinerea 1 2 0 3 1
Fraxinus
pennsylvanica
(red ash) 4 0 0 4 0.3| [ Acer rubrum 3 0 0 3 1
Cornus racemosa 2 0 0 2 0.2 Quercus macrocarpg 2 1 0 3 1
Acer rubrum 1 0 1 2 0.2| | Celtis occidentalis 2 0 0 2 0
Rhus typhina 3 0 0 3 0.2| | Carya ovata 1 0 1 2 0
Morus alba 3 0 0 3 0.2| | Pinus resinosa 0 1 0 1 0
Cornus
alternifolia 1 0 0 1 0.1
Robinia
pseudoacacia 1 0 0 1 0.1
Quercus
macrocarpa 1 0 0 1 0.1
Viburnum
trilobum 1 0 0 1 0.1
Sambucus pubens 0 1 0 1 0.1
Ulmus americana 1 0 0 1 0.1
Total 824 242| 137| 1203 100| | Total 376 163 56| 595 100
Percent 68.5 20.1| 11.4| 100 Percent 63.2 274 94| 100

(Schmitt, 1990)
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Chapter 6 - Discussion
6.1. Interpretation of Results
6.1.1. Condition of the Urban Forest

Condition of the Street Trees

The overall condition of the street tree populatiaas fair to good (mean tree condition =
3.66), indicating that most street trees exhibaely minor problems or no apparent problems
(Kenney and Puric-Mladenovic, 2002). Criteria fes@ssing the overall condition of the street
tree population included assessing individual teedition, measuring the population’s
biodiversity, and examining the abundance and ptagpoof native and exotic species. The most
common street treécer platanoideswas found to be in fair to good condition (meandition
of 3.53), just slightly lower than the mean forslecies of street trees; while its congener, aativ
Acer saccharumwas found to be in fair condition (mean conditadr8.02), slightly lower than
Acer platanoidesind the average street tree. The mean condititmobrrban street tree
population was slightly lower than that found ini€ztgo and the City of Kitchener, both of
which reported approximately 2/3 of their speceebé in good to excellent condition
(McPherson et al., 1994; City of Kitchener, 1998)ough not recorded quantitatively, many of
the trees on the street exhibited signs of thedamgnthracnosewhile many of the forest trees
exhibited bothAnthracnoseand the funguRhytismatar spot). Tar spot was found only on the
leaves ofAcer platanoidesorest trees, whil&nthracnosevas found mainly on th&cer
saccharuntrees within the forest, and on various streestréleither of these fungi result in tree
death; however, they can cause extensive defoliata weakened trees respectively (Celetti,
2003; Hudler et al., 1987; Natural Resources Cari2@i2g).

To be able to overcome adversity such as disdasarbance and other urban stressors, a
street tree population must have trees of varygeg an good condition and exhibit biodiversity
(Welch, 1994). The biodiversity of the street tpegulation in this study was relatively low with
only 33 species recorded. In comparison, McPheasonRowntree’s (1989) inventory of 22
urban street tree populations in the United Stgtdded that the mean number of species per
street tree population was 53 (McPherson et a@919hus, the 22 cities’ street tree populations
measured in the United States had a higher bicgltyehan that found in the surrounding
residential area of Breithaupt Park. While Moll d&floknreck (1989) suggest that an urban forest
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should be composed of a maximum of 5% of any sjesjifecies, the current study illustrated
that 42% of the street tree population waer platanoidesyhile 10% wa®Betula papyrifera

All other species each accounted for less than b#ieostreet tree population. The current study
also exhibited a high percentage of exotic spagits52% of the trees in the street tree
population being exotic. In comparison, other sieich as Oakland have exhibited exotic
species abundances as high as 69% (Nowak, 199&jinkiey (2002) also noted that the
percentage of exotic species tends to increasg #hengradient from rural to urban areas. He
noted that rural areas can ideally have less tHfaw gercent exotic species while the heart of
urban areas can have over half of their urban f@®gxotic species. This is due to higher
disturbance in urban areas and higher populatibhsmans near the urban core who tend to
plant a higher percentage of cultivars (McKinne§02). A high number of cultivars and exotic
species was also the trend found within the streetpopulation in the current study (52% exotic
species), while the proportion of exotic speciasfibin the forested park (9% exotic species)
was actually more comparable to that of rural ane&dcKinney’s (2002) study. From the above
results, it can be concluded that the study siteb#ed a low level of biodiversity and that the
condition of the street tree population needs tori@oved. This can be accomplished by better
care of current street trees and recently plardaptingys, planting more suitable and hardy urban
species and planting a diversity of street treab@asgingAcer platanoidestreet tree population

dies.

Condition of the Forested Park
Overall, the forested park within Breithaupt Parkswn good condition, with only 9%

exotic species, and a biodiversity of 24 counted 8pecies. Previous inventories of Breithaupt
Park have estimated a total of 130 floral speanediiding trees, shrubs, flowers and
groundcover (Schmitt, personal communication, 2097). The most abundant species found in
Breithaupt Park waBcer saccharun1.7%). This was unsurprising considering the park
located in the Great Lakes — St. Lawrence reg®a,dlimaxAcer saccharum-Fagus grandifolia
forest. However, there was a surprisingly low tiglatbundance dfagus grandifoliain the

park (4.1%), though this has not notably changedesi990. This is likely due to the general
devastation oFagus grandifolian Southern Ontario attributed @ryptococcus fagisugdeech
Bark Disease and other diseases and infestatioa&l(@h, 2003). Overall, the interpolated
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density maps of all species of trees illustratéei@rogeneous forest where density of trees was
variable throughout. The lowest density of all seeof trees was unsurprisingly in the
naturalization area, which had consisted mainlgraés and a few saplings until Earth Day,
2007, when manfinus strobuseedlings were planted. The most notable diffexrdratween

the 1990 and 2006 studiesAxder platanoidesvas that there was no evidenceAokr

platanoidesn Schmitt’s (1990) inventory, nor, in fact, wéete any mention of the presence of
Acer platanoidesn an inventory performed by student Kevin Schhmdt981 (Schmitt, 1990;
Schmidt, 1981). While a fevcer platanoidesvere measured in the park during the current
study whose DBH (converted to age) suggested hlegtwould have been present in Breithaupt
Park in 1990, it is possible that these trees wiher accidentally misidentified in the current
study, or were present in 1990, but at such lowlkethat they were not detected using Schmitt’s
(1990) sampling technique. The three species \wihighest relative abundance within the
forest population remained the same from 1990 @62these werécer saccharupFraxinus
americanaandOstrya virginiana The ten species with the highest relative abucelatso
remained relatively consistent over that same pereéod. This suggests that those species with
the highest relative abundances continued to ssftdgsproduce seeds and thus have continued
their establishment in the forest. Between 19902006, the age structure of the forest changed,
forming a younger tree population as the percentdggees with a DBH of 5-24cm increased by
5.3%. This overall younger population perhaps caatlributed to the death of old&cer
saccharumandFagus grandifoliatrees due to disease or old age. In addition &ueting the
change in forest composition since 1990, the cardif the forested park was also evaluated by
its biodiversity in combination with the presendenvasive or exotic species. As mentioned
previously, 9% of the trees within Breithaupt Pasre exotic; however, some of these, such as
Pinus sylvestriswere actually planted and did not invade the plarkugh natural processes.
Thus the percentage of species that have actuaiaded the park naturally is lower than 9%.
This number of exotic trees, both as an absoluteevand as a percentage of the total number of
trees within the park, was surprisingly low in carpon to other studies by Martin and Marks
(2006), Webb and Kaunzinger (1993) and Bertin ef28l05). These studies fouAder
platanoidesabundances varying from 11 to 18%, with the peagmof total exotic species

likely being higher within these sites.
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6.1.2. Distribution and Dispersal of Exotic Spedie8reithaupt Park
Threat from Street Tree Population

Despite the unsurprisingly high abundance of exogies on the street, there were few
exotic species in Breithaupt Park that could beedan origin to the street tree population. Of
the three exotic species found both on the stregtirathe forested parklorus albaandRobinia
pseudoacaciavere sporadi€nsieer= 1 and anc= 3 forMorus alba;nsyreet= 1 and Par = 1 for
Robinia pseudoacacjaThe third speciescer platanoides(nsree:= 335 and gk = 26)
accounted for 42% of the measured street trees.predominant species of the street tree
population was therefore the main ecological thredhe forest. While many studies have
examined invasion of rural intact or old-growthésis, few have studied the direct invasion of
an urban forested park by species planted as ptré Gtreet tree population. In their study of
the control ofAilanthus altissimdtree of heaven), Meloche and Murphy (2006) hypsited
that the source diilanthus altissimavhich invaded Rondeau Provincial Park were garden
ornamentalilanthus altissimalanted in a nearby community. To the contrarytiBest al.
(2005) noted that there was little evidence thtnthus altissimdonad, or could, invade intact
urban forests due to their shade intolerance. in(Z005) also documented the invasion of
disturbed urban woodlots Byrus calleryangpear tree) and concluded tiigtrus calleryana
was rapidly becoming invasive to disturbed sitesugh may not be invasive to natural sites.
Therefore, it is possible that other street trescEs in other populations are a threat to their
local urban forests; however, in the current stuldg,local street tree population/Ader
platanoidesvas shown to be the only local major threat argbiibe source of invasion of exotic

species in the forested park.

Acer platanoides Distribution

Acer platanoidesvere mainly planted to the south and east of Baeipt Park. The
exception to this were the Ber platanoideplanted along Erb Street East, which is to the
north of the park (though further than the 50mgho#d) and the 48.cer platanoidesrees
planted on Hartwood Avenue East and Hartwood Plabhéh are to the west of the park. To a
certain extent, the ages and species of the $tesst could be correlated with the age and
location of the housing developments in the redidearea surrounding Breithaupt Park. The

older trees and the majority Ater platanoidesvere found in the residential areas south and
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east of Breithaupt Park. These areas were buglpproximately 1952, and as such, were built in
the height of the era when plantiAger platanoidesvas popular (Schmitt, personal
communication, July 2007). Some of these streete @gsentially monocultures Ater
platanoides To the west of Breithaupt Park were newer houdexdelopments where the trees
ranged from 5 to 25 years old. These developmentsdstrated a greater biodiversity,
including species such dsglans cinereandStaphylea trifoliaand had virtually nécer

platanoides

TheAcer platanoidepopulation within the forested park was a younguysation of
trees, mainly concentrated in the more disturbedhswest section of Breithaupt Park. The 26
measured trees had a mean DBH of 12.9cm which emotverted to a mean of approximately
18 years old, while the 190 recorded saplings \@areximum of 7 years old. Within Breithaupt
Park,Acer platanoidesrees were distributed mainly near the edge ofdhested park and
graphical analysis revealed thter platanoidesrees had a much higher density at a distance of
up to 20m from the visual edge of the forest thay @ther interior location (Figures 9 and 15).
This can be compared to the density of all spewreg;h appeared to remain relatively constant
as distance from the visual edge increased (wétekteption of the outlier bar at 80-100m from
the visual edge). Thus, it can be concluded thatgny establishment dicer platanoidesvas
along the edge of the forest; a pattern not redlbbly other species within Breithaupt Park
(Figure 14).

The most noticeable clustersAter platanoidesvere primarily concentrated in the
southwest section of the park. The clusters wighhtighest density dkcer platanoidesrees
were located just northwest of the houses on USineet and in the northwest corner of the
southwest section, along Margaret Avenue. As thesé® along Union Street had a number of
Acer platanoideplanted as street trees and in their backyardsl|ikely, based on proximity,
that they were the parent trees of the aforemeatidarest clusteThe clusters along Margaret
Avenue were at the forest edge where it met thed.iRaads such as Margaret Avenue abutting
the park could have facilitatescer platanoideseed dispersal. This is because they provide a
flat surface over which seeds could have been blmwallen onto passing cars travelling along

the road. From there, they could have been tratesppatong this corridor, closer to the forest
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than their natural dispersal distance would usuallyw (Davies and Sheley, 2007; Wangen and
Webster, 2006)Acer platanoidesaplings followed a similar distribution patteathat of the
Acer platanoidesrees. The density and numberAafer platanoidesaplings was also highest in
the southwest section of Breithaupt Park. Heregtlagere two main clusters which spanned the
length of the park diagonally from northwest totbeast. The cluster further to the east was in
close proximity to the main cluster Ater platanoidesrees in this section. Due to this close
proximity, it can be hypothesized that this patacluster of trees was likely acting as parent
seed sources of thcer platanoidesaplings. It is likely that here, a parent treeswaher

planted in the backyard of one of the houses, recty in the forest, and then continued to
produce seeds which dropped nearby, establishethandyrew into saplings and eventually

trees.

Acer platanoidesvere largely absent from the naturalization amdheast of the parking
lot within Breithaupt Park. As urban foresters frtme City of Kitchener have assured that there
has not been active removalAder platanoidesvithin Breithaupt Park, the question remains as
to why this species had not established itselfiis &area of the park that was presumably
vulnerable to invasiorAcer platanoidesvas also not found in any of the grassed areathdse
areas are routinely mowed, any seedlings that cestlblish themselves would have been killed.
In the naturalization areas, however, mowing ditlauzur and therefor&cer platanoidesvould
have had an opportunity to establish itself. Tiveeee someéicer platanoideglikely planted)
that were located abutting both the naturalizaticras and the backyards which could have
functioned as parent trees. As the ecologiadr platanoidesuggests that it is capable of
establishing itself in these naturalization ardas,likely that there had been some human
interference preventingcer platanoidestablishment (Raloff, 2003; Munger, 2003; Meiners
2005; Wangen and Webster, 2006).

Quantifying an Acer platanoides Invasion

The extent of an invasion of a forest by an invasipecies can be determined by a count of
the absolute number of invasive species in thestaeby an examination of whether native
forest species are being displaced by the particat@ming species (Luken, 2004). A certain

amount of natural colonization by the processeseefl dispersal, establishment and growth
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would be expected within a forested park that diyenterfaces with residential streets (Millard,
2000). However, when these new species begin phadis the native species, especially to a
point where their relative abundance exceeds thidteanatural native species, the possibility of
an ‘invasion’ must be examined. There are thregest#o invasion: introduction of a new
species, establishment of this species, and fieaipansion of the species’ range (Andow et al.,
1990). IfAcer platanoide$ave indeed successfully invaded and establish8deithaupt Park,
this would demonstrate that there are negativeogeml effects in havinécer platanoidess

the most predominantly planted street tree in Katr.

As there is no threshold defining at what poinbre$t has been invaded, it is necessary
to compare the current study to other studies irchvAcer platanoidefias been definitively
characterized as having invaded a forest. Theviatig studies ofAcer platanoidesnvasion
exhibit relative abundances Ater platanoideshat are much higher than that of the current
study. A study by Webb and Kaunzinger (1993), inclvlihe invasion oAcer platanoidesnto a
Fagus grandifoliaAcer saccharunforest was measured, determined that the relabwedance
of Acer platanoidesvas 17.2% and was second in presence in the fomgsto Fagus
grandifolia. They also determined thater platanoidesiad begun to establish in the forest by
1915, at least 75 years before their study tookeplBased on its prevalence and ecological
impact on the forest, they decisively categorizemdforest as having been invadedAxner
platanoidegWebb and Kaunzinger, 1993). In contrast to theeru study, howeveAcer
platanoidesn Webb and Kaunzinger’s (1993) study site haduahmonger history and passing
of time since it invaded and established itsethieir study site. Likewise, Bertin et al. (2005), i
their examination of 32 woodlands in a city in Madsusetts, determined that in their urban
forest, 11% of all measured trees and 23% of alisueed seedlings and saplings wkcer
platanoides Another study oAcer platanoidesnvasion examined Mont Royal in Montreal
(CBC News Online, 2006). Brisson and Midy deterrditieat of trees aged 10 years and older,
the forest had 120Acer platanoidesrees and 4208cer saccharuntrees (CBC News Online,
2006). They also determined that theer platanoidesapling abundance within the forest was
three times that of the nativieer saccharunsapling population, indicating that a much higher
composition ofAcer platanoidesrees would possibly occur in the future, withed&cological

consequences (CBC News Online, 2006). Unfortunatieé/population count of other species
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was not made available and thus, actual percert@mgeosition could not be compared,;
however, it is noteworthy to mention that, using goint-quarter sampling method in the current
study, there was 50%cer saccharuntrees measured in comparison to onlyA2@r platanoides
tree; a much lower ratio than that found by Brisaod Midy. Finally, in their study, Martin and
Marks (2006) addeAcer platanoideseeds to a forest over the period of three years t
experimentally determine whether they could sururder differing canopy conditions. Their
results demonstrated that “intact forests only wesdsistedA. platanoidesolonization, but
strongly suppressed its rate of invasion” (Martwa Marks, 2006, p. 1070). This could be one
possible explanation for whicer platanoidefiave actually been found in the current study’s

forested park, but why this number was fairly low.

As illustrated in recent studies by Martin and k$af2006), Webb and Kaunzinger (1993),
and Bertin et al. (2005), there is no questioroastietherAcer platanoidegan be an invasive
species, as it has effectively demonstrated thigyaht other study sites and physiologically has
the necessary characteristics for a potentiallgsinxe species. Using the plot sampling method
in this study, it was determined thater platanoidesonstituted 1.9% of all trees, 3.2% of all
saplings and 2.7% of all seedlings in the foresta. Comparison of these percentages from
the current study with the above studies illusgat@atAcer platanoidepresently has not
invaded or established itself in Breithaupt Parlricextent comparable to that of the

aforementioned studies.

Dispersal of Acer platanoides

In this particular study, it was concluded thatéheere four possible sourcesAxter
platanoidesseeds that could potentially establish in thedoréhese were: street trees, trees
planted in front yards and backyards (excludingedttrees), the parking lot in Breithaupt Park
(only in the fall) and the possibility thacer platanoidesvere planted directly in the forest (in
addition to the 6 that were planted in the graseg around the parking lot). The parking lot was
located between the two largest sections of foeest,is where street tree samaras and leaves,
such as those d&cer platanoideswere deposited in the fall. This was the CitfKdthener’s
local leaf drop-off site. While there was porousdi&g on three sides of the leaf drop-off site, it

was open to the south and was not covered on thattall. Leaves and other detritus were
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dumped loosely into these designated areas. WatbHhOOm of the visual edge of some of the
forested park, there were also possible pakest platanoidesrees planted in the front and back
yards of the surrounding residential houses, argirast trees. As the samara®\oér
platanoideshave an average dispersal distance of 50m frorpdhent tree, which could increase
in high winds, it is likely that these locationsutt serve as a source Ater platanoideseeds
(Matlack, 1987). Bertin et al. (2005) determinedtithe seeds could possibly be dispersed,
though only occasionally; up to hundreds of mefiens their source, thus increasing the
possible number of pareAter platanoidesrees within the vicinity of the forested park. In
addition, it is also possible, though unlikely,ttbae or two parercer platanoidesnay have
been planted by unknowing local citizens in the$bitself. Without genetic testing however, it
is impossible to definitively ascertain the sount¢he Acer platanoidesrees growing within
Breithaupt Park.

Why haven’t Acer platanoides invaded BreithauptkRar

Unlike many studies on this species (Martin andkdaR006; Webb and Kaunzinger,
1993; Bertin et al., 2005/ cer platanoidesias not invaded Breithaupt Park despite a 50 year
history of being planted on the streets. Possikfgamations as to whicer platanoideslid not
appear to have successfully invaded this foreshekl @r why this particular invasive species
could possibly be just beginning to establish ftseBreithaupt Park, include: 1) houses located
betweerAcer platanoidestreet trees and Breithaupt Park functioning laaraer to seed
dispersal; 2) the highway traversing the northeaster of the park; 3) the short length of time
sinceAcer platanoidestreet trees reached their age of maturity toyweanough viable seeds
to invade the forest and the lag time in the esthfylent phase; 4) unique park characteristics;
and 5) opposing predominant wind directions.

An important spatial separation exists betweerfdhested park and the street trees,
mainly due to the houses forming a barrier betwtberiwo. The houses located between
streetscap@cer platanoidesnd Breithaupt Park may have formed a major haiwiseed
dispersal. The houses are located on the two losgiss of the park and, while only 1-2 storeys,
the footprint was approximately 8m high and 50mpdeeeaning that they created both a vertical

and horizontal barrier. This needs to be testednamdielled more carefully; however, it was
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noted tha’cer platanoidesrees were usually 2-3m in front of the housestgpitally 5-10m

tall. Property rights prevented detailed invent®oétrees in the backyards that abut the park but
visual surveys from the street determined that d@bjcer platanoidesrees were planted in

some backyards within the delineated boundary sadimg Breithaupt Park — much fewer than

those actually planted as street trees within lieeated boundary.

This spatial separation between the street trealptpn and the forested park was also
due to the highway, Conestoga Parkway, which wastoacted in 1969 and effectively bisected
the park into two parts. This section of the pankvgafour lanes plus one on-ramp in either
direction. The 45 to 60m wide parkway likely furmcted as a barrier to seed dispersal. Since the
seed dispersal distanceAxer platanoidesamaras is normally 50m, it is unlikely that many
seeds could successfully traverse the distancecedly with the added factor of interference by
cars and trucks (Matlack, 1987). In additi&hamnus catharticgenerated a high density
barrier along the edge of Breithaupt Park whefacés the highway. This may have created an
additional physical barrier to the wind dispersad®@eds from possiblcer platanoidesources
on the other side of the parkway into BreithaupkPa

Evaluating the ecological integrity of an ecosysiawolves comparing its historic
reference state and its current state, examiniegplecies composition of the forest and the
health of the trees within the forest, seeking enak of structural complexity and evaluating the
impact of invasive species on this forest (Christégnet al., 1996; Dale and Beyeler, 2001; Parks
Canada, 2007). The historic reference state ofpiduik was a climaAcer saccharum-Fagus
grandifolia forest; however, without a quantitative descriptad the other species, this is a
vague state to compare the current state of tlestféo. Though it is not possible to determine
the degree of ecological integrity that this paak ht can be concluded that the park is exhibiting
a certain degree of ecological integrity as thé p@definitely demonstrating a resistance to
Acer platanoidesnvasion. This is likely due to its biodiversitire structure of the forest, the
additional factors of structural barriers to seeflsvasive species and its varying age

distribution as well as species distribution.
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Examination of the interpolated density maps rexc#hat the southwest section (where
more recent disturbances occurred) was charaatieoiz@ dense understory - reflected in both
the high density of all species of saplings ana@ligsndant groundcover. This is where the
densities and relative abundances of l#fathr platanoidesaplings and trees were higher. The
northwest section, with its longer history of passnanagement, was an interior forest, with a
less dense understory, reflected by less ground@nefewer saplings. FewAcer platanoides
were found here, which can be attributed to thedrarformed by the highway, the houses with
few Acer platanoidesn their backyards and the ‘wall’ ®&hamnus catharticalong the
highway.Differences in microclimate conditions such as aaill topography could have also
influenced the growth of trees and understory ertbrtheast and southwest sections of the park.
The topography of the two sections of the parkeddtl considerably. The northeast section has a
steep hill that runs diagonally through the northeaction, while the southwest section has a
variable topography, but with no distinguishingmionent features. The steep hill in the
northeast section likely affects microclimate caiotis such as shade, light and wind exposure.
Previous studies of Breithaupt Park also illusttdtet the soils remarkably differed between the
two sections, with a more gravelly soil found ie thortheast section and a more sandy soil in
the southwest section (Schmidt, 1981). Both togaigyaand soil are factors that influence the
microclimate conditions of the forest, with diffatecombinations making some areas more
conducive to the growth of some species of tre@s others. For examplégcer platanoides
prefers mesic, deep and fertile and slightly afl@koils over those that are acidic, too wet or too
dry (Bertin et al., 2005; Nowak and Rowntree, 198@gr platanoideslso grows in a range of
soil conditions from sands to moderately compactags; however, it may not exhibit optimal
growth in the slightly gravelly soils of the norte section of Breithaupt Park (Modry et al.,
2004). Also, whileAcer platanoidess shade tolerant as a seedling and sapling,getstolder,
its shade tolerance is reduced; therefore diffeggmt sun exposure and canopy gaps between

the two sections may also affect establishmentgaodth (Nowak and Rowntree, 1990).

Spatial analyses of the street tree populatiohogfr platanoidesevealed that the
majority of Acer platanoidestreet trees were planted to the south of the. gexkthe
predominant winds in Kitchener-Waterloo are notther westerly winds, and ascer

platanoidesseeds are wind dispersed, it is possible thapiieailing winds would have
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influenced the direction of seed drop, and this ivdwave been, for the most part, facilitating the

dispersal of seeds in the opposite direction oftnested park (The Weather Network, 2007).

The Forest Edge

Considerable research has focused on boundargdeldetermination, illustrating the
difficulty and complexity of defining this portioof a fragmented forest (Fagan et al., 2003). The
edge of the forest is a transitional zone, exmbitharacteristics of both the exterior and interio
of the forest (Bott et al., 2003). The edge cadd&termined by analyzing the gradient in
microclimate conditions between the exterior artdrior of the forest and by changes in species
composition, which can drastically change fromelge to the interior (Forman and Godron,
1986). AsAcer platanoidess not necessarily an edge species and can ddtehlish in the
interior of forests where there are gaps or wheeeethas been disturbance, the exact width of
the edge could not be determined based solelyedigribution ofAcer platanoide®r other
exotic species such &hamnus catharticBMunger, 2003). Therefore, in this specific caselg
of Breithaupt Park, it would be presumptuous tagusa value to an edge width without further
measurements and examination of the forest, simsddrest: a) is located in an urban area; b)
has been bisected by a highway; c) has been bisbygta residential road; d) has been cut into
by one dead-end road and one crescent to formergsadi streets; and e) has numerous trails
totalling 7.6 km transversing it (Schmitt, 1990ltére research involving extensive
meteorological and ecological sampling of the sl measurement of air temperature, wind
speeds, amount of light and other edge indicatarsibined with an inventory of the forest
population, could decisively determine the extdrthe edge habitat, though those measurements
were beyond the scope of the current study.

Possibility of Future Invasion by Acer platanoides

While the number of botAcer platanoidesrees and saplings are low in comparison to
the number of botAcer saccharuntrees and saplings and to the number of all spefiGees
and saplings, these results could demonstratanifie stages of an invasion of the forest. Given
thatAcer platanoideseach their age of maturity at 25-30 years old thiatl they were planted a

maximum of 55 years ago, it is likely that theyyhégun to produce viable samaras 25-30 years
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ago (Wangen and Webster, 2006). Thus, while theg b0 year history as a street tree, they
were only viable seed producers for a maximum obf3ose years. Therefore, it is possible
that not enough time has passed since their ptantirthe street as a source of seeds to allow for
a full-fledged invasion of the nearby forested parikdicated by a current lack of establishment
by Acer platanoidesrees and saplings. As the forested park did bgwemarily native tree
canopy, presence of exotic tree seedlings or ggpliould indicate possible movement of
residential tree species into the forested parisabeer platanoidegould also have been
demonstrating a potential lag time in their es&bhent before a full-fledged invasion (Wangen
and Webster, 2006). In their analysis of the timelf an invasion bjcer platanoidesn a

natural forest, Wangen and Webster (2006) demdgstthatAcer platanoidesas the ability to
build up a large seed bank in the soil before #etyally establish themselves as a population. In
their studyAcer platanoidesrees exhibited a 34 year establishment phaséichvelusters of

Acer platanoidesvere found and the majority of saplings were ngproductive (Wangen and
Webster, 2006).

Rhamnus cathartica

The other major exotic and invasive species witlhimaber of trees and saplings found
growing within Breithaupt Park wahamnus cathartic&hamnus cathartice a historically
invasive species which has not been planted ast $tees or landscape cultivars within the
residential area surrounding Breithaupt Park. Thimainly because it is known to be highly
invasive and generally is not a viable street (g@@peperer, 2002; Archibold et al., 1997; Moffatt
and McLachlan, 2004). In addition, Beamnus cathartices not wind-distributed, its seed
source was likely outside the study area (Dunc@852 PresentlyRhamnus catharticaas
established itself in Breithaupt Park at a lowtieeaabundance, which has not appreciably
changed since 1990 (Schmitt, 1990). As to the msigif Rhamnus, there was no distinguishable
pattern concerning tfiRhamnus catharticirees as its density was quite low, and only one
notable cluster was observed in the southwestasggtist north of Union Street. The most
notable cluster dRhamnus catharticaaplings is in the northeast section was alongtlye of
the forest facing the expressway (the ConestoganR@a). Anecdotally, there was a narrow
“wall” of Rhamnus catharticaere — perhaps likely to resist colonization Hdyeotexotic species

and native species alike. Beca®&®samnus cathartices dispersed primarily by birds and it is
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shade tolerant, its seeds could have been easdispersed to any location within the forest,
including both the interior and the edge (Duncd®9% Raloff, 2003). This explains the patchy
and discontinuous pattern in Breithaupt Park. Wialaoval of this species is ideal, removal of
Rhamnus catharticavould also result in removal of the barrier alahg highway, which is
possibly preventind\cer platanoideslispersal, and would create gaps in whider platanoides
would likely establish. Whil&khamnus cathartices a concern in Breithaupt Park, its relative
abundance, and lack of increase in numbers sing@@ r@ans that it is less of a concern than
Acer platanoidesAs such, it is recommended that management afien forest begins
primarily with removal ofAcer platanoidesn the forested park, and then control and possibl

removal ofRhamnus cathartica

6.2. Application of Research Findings

The issue of invasive and exotic species in urbaested parks and residential
neighbourhoods, and specifically the issue of imeaspecies and their potential threat to urban
forested parks, is a current concern for munidialiwho want to effectively manage these
ecosystems. While municipalities have acknowledgatiembraced the social, economic and
ecological benefits of trees, they have just rdgdregun to seriously consider and understand
the ecological impacts of their planting decisi@ddgler, 2005). This study exhibits external
validity in that the results, the methodology and tecommendations can be generalized beyond
the specific parameters of this study and the stitgyto other municipalities in North America,
and perhaps further abroad. One caveat of thesttig@ghich may affect their generalizability to
other municipalities is the specific circumstanoéBreithaupt Park and its surrounding
residential area. These include: the park itsestiisounded by houses which could act as a seed
and wind barrier, mo%cer platanoidestreet trees have been planted to the south qfahe
while there is a north-westerly wind (potentialijeating seed dispersal), and that the street trees
were planted approximately 40 to 50 years ago hecttore have likely only been producing
viable seeds for the past 20 to 30 years. HowéviedeedAcer platanoidesloes invade
Breithaupt Park in the future, this study provitles baseline data to which future inventories of
the composition of the forest can be compared. Wilinable academic researchers and urban
foresters in the City of Kitchener to study thigasion and allow them rare insight into the

lifetime and pattern of an invasion.
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The methods used in this study to complete thetstree inventory, measure species
spatial distribution and characteristics withinuaban forest, and both spatially and statistically
analyze the dispersal of street trees into thelxyyaanban forested park can all be easily applied
in other municipalities. These methods can be simpidified to be utilized in areas with
fragmented forests of any shape and size, as lotigeg interface directly with a residential area
of planted street trees. Likewise, the recommendatirom this study can be modified and taken
into account for urban forest management plansitiirout North America. Many of the
recommendations are not necessarily site specifipecies specific but address the broader
issues of managing urban forests with both residlestd forested area components. Many of
these recommendations also address the issiecoiplatanoidestreet trees, which is a current

concern for many municipalities in North America.

The results of this research and the resultantesigms for management and planning
practices will be significant for local urban foreis. Urban foresters in the City of Kitchener
will utilize this research to inform their propostesh-year management plan for their urban
forest, including both residential trees and fardgtarks. They will have a ten-year commitment
of capital and operating funding that will allow 200,000 per year in capital investment for
protected (natural) areas by 2015 (Murphy, persocoamunication, July 2007). This is
remarkable considering that the current and hisdbgapital budget has been non-existent. The
baseline of data created during the proposed rantory and the resulting recommendations
stemming from this study will be used by these $tees to inform their revisions of their current
urban forest management practices and policiesélftecommendations can also be utilized by
local policy makers in deciding what species oésrare allowed to be, or mandated to be,

planted in Kitchener’s residential areas.

6.3. Conclusions

Breithaupt Park, located on the border of thesitf Waterloo and Kitchener, is an
urban forested park, vulnerable to invasion by iexsiteet tree species due to its fragmented
composition, its long length of edge habitat, amelfact that it is continuously subjected to the

unique stressors of urban areas. To study the patérvasion of the forested park, it was first
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necessary to examine the distribution of the lilsgyrce of this invasion, the street tree
population of the surrounding residential neighlboad. The spatial distribution of the street
tree population was reflective of the housing depeients and their age. Older housing
developments built in the 1950’s, such as thoskdouth of Breithaupt Park, tended to have
exoticAcer platanoideplanted as their street trees, while newer houdewglopments tended to
have a wide variety of species planted. Withinftrested parkAcer saccharumvas the most
abundant forest species. The highest density apaities of trees was in the more disturbed,
southwest section of the park, afvder platanoidesvas most abundant in this section as well.
The other major exotic species in the for®tamnus catharticavas found primarily along the
edge of the forested park facing Conestoga Parkarayjn various clusters throughout the rest
of the forested park. The only exotic tree speaibgh had more than a few individuals in either
the forested park or the street tree populationAw#s platanoidesHence, this study focused
primarily on the dispersal and spatial distributpatterns ofAcer platanoideshroughout the

study site.

As many of the street tree species in Kitchendrahadying are the exothcer
platanoidesthe question was thus raised as to whether egptiative species should be planted
to replace dead trees (GRCA, 2004a). This is bdtimetion of the general ideology that native
trees are preferable from a natural heritage petisge while the fact remains that exotic trees
tend to be more adaptable to climate change and maeilient to the stresses of urban areas
(Meffe and Carroll, 1997). Analysis of the conditiof both the street tree population and forest
tree population were necessary to answer this ipmedthe street tree population in the
residential areas surrounding Breithaupt Park piduebe in good condition. Species exhibiting
excellent condition includeduglans cineregFraxinus americanandBetula papyriferaThese
trees obviously can overcome the urban stressdrsed{itchener area to survive and perhaps
even thrive in urban ecosystems. While individuaé$ were, on average, in good condition, it
would be ideal if the native biodiversity of thedst was higher. As mentioned previously, this
would increase the forested park’s resistancedimidance, disease and insect infestations
(Kenney and Rusak, 2005; SER, 2004). It would bksadeal if the high relative abundance of
Acer platanoidesvas decreased and that the suggestion made byaktbEbenreck (1989), that
no species have a relative abundance higher thath&%mplemented. The forested park was
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also in relatively good condition, as it demon&tdaa high biodiversity and a relatively low

percentage of exotic species.

One of the primary reasons thfater platanoidesvas the most predominant street tree
planted in the twentieth century was that it waslient to urban stresses. In comparisoAdter
saccharumand other native, traditional street tre&ser platanoidesend to have stronger
branches, grow faster and be less negatively affiday salt, mechanical stresses and urban heat
island effect (Lanken, 1992; Munger, 2003; Metsg6f0; Meiners, 2005). Howevekcer
platanoides’resistance to urban stresses, the fact that iestablish in forest gaps and edges,
rapid growth of seedlings, shade tolerance at eaydgs and its ability to grow in a variety of
microclimate conditions all give it the capabilityestablish, survive, and effectively ‘invade’
urban forested parks, as illustrated in studieBltmwvak and Rowntree (1990), Munger (2003)
and Wangen and Webster (2006). These studies loaatusively demonstrated thater

platanoideshad successfully invaded the urban forested park the street tree population.

Since the last forest evaluation in 1990, the medabundances of each species of tree in
Breithaupt Park had not notably changed, and ttemtbpecies of trees with the highest relative
abundances in the 1990 studycér saccharum, Fraxinus americaaadOstrya virginiangd
remained so. The exception to this was the presaingeer platanoides the park, which was
not detected (though likely present in low numberghe 1990 study. However, at preséxder
platanoidess not demonstrating a major presence in the fedegreas of Breithaupt Pavkcer
platanoidesconstituted 1.9% of all trees, 3.2% of all sapliagsl 2.7% of all seedlings in the
forest sample. Especially in the current study,nte¢hod of dispersal &cer platanoideseeds
must also be considered. As they are wind-dispethedwould suggest that the temporal
distribution of establishment would likely be frahre perimeter of the forest to the interior as
was seen in this study. Examination of the inteafeml density maps revealed that there were few
Acer platanoidesrees growing within the park and that they wereaoentrated mainly in the
southwest section and were located primarily withimfirst 20m of the forested park from the
visual edge. ThougAcer platanoidestelative abundance has increased since 1990, the
conclusion of this study is thAcer platanoidesre currently not showing a substantial presence

in the park, and their relative abundance is moalel than that found in the aforementioned
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studies. Reasons for this lack of invasion inclutle:surrounding houses and highway
functioning as a seed barrier, the predominant svbildwing seeds in the opposite direction of
the park and resistance of the park to invasiontduts ecological integrity, structure,

composition and microclimate conditions.

As Acer platanoidesvere planted on the surrounding residential stréétto 50 years
ago and reach the age of maturity at 25 to 30 y#zeg have only had a maximum of 25 years
of viable time to produce seeds that could infiirhe forest edge (Wangen and Webster, 2006).
Thus, there is a possibility thAter platanoidess still yet to ‘invade’ the forested park in this
study, and establish itself at levels which willdetrimental to the native trees suchhasr
saccharumAs of 1990, there were no (or very fedder platanoidesrees, saplings or seedlings
established in the park at that time (Schmitt, J980addition, studies have shown thater
platanoidess capable of having a 35 year establishment phefee successful invasion occurs
(Nowak and Rowntree, 1990; Wangen and Webster,)200@se facts, when evaluated
together, suggest that any currently fodur platanoidesire indicative of a recent dispersal or
invasion (though this would be in its infancy),tbat the park has shown resiliency and
resistance to invasion Acer platanoidesnd that the influx oAcer platanoidess only
indicative of a natural movement of seeds of arecis planted close to a natural forest into that
forest to some degree. As there have been notapcer platanoidesrees found in the park,
this study can be deemed as an early assessnitet pdtential for invasion dcer
platanoides Overall, however, it can be concluded thaer platanoidess a relatively new
presence in Breithaupt Park, though it has beemgdaon the surrounding streets for at least 40-
50 years and th&cer platanoidess not currently invading the park but it may bading

towards a future invasion.

While each species of tree has a set of attriiisgsmakes it more desirable for being
planted in urban areas, there are benefits and obstach. The cost of tiieer platanoidess
that, once established in a forested park, it le@s Ishown to have negative ecological effects by
considerably impeding the growth of native spe@isnger, 2003; GRCA, 2004a; Wangen and
Webster, 2006). Based on other studieAadr platanoidesand taking into account the fact that
Acer platanoide$as likely only had 25 years of viable productiothe residential area
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surrounding Breithaupt Park, and may be exhibiingindetectable lag phase, it is necessary to
invoke the precautionary principle and suggest t@tagement plans be made so that the
chances oAcer platanoidesuccessfully invading and establishing within Braupt Park are
minimized. Good urban forest ecology, managemetfpdanning practices within the City of
Kitchener may be able to mitigate the threaf\oér platanoideshat other municipalities have

been negatively affected by.

6.4. Recommendations
The following recommendations are based on thdteesf the research, and influenced
by the current ecological literature concerningauriforests, and specifically street trees and
invasive species:
1) It is recommended th#&cer platanoidegurrently planted on the street continue to be
managed under the same management plan as otedrtstes. It is recommended that
these trees not be cut down or removed (excepieicdse of tree decline, death or being
generally hazardous) from the street. This is ego#lly justified by the previous
discussion on the lack of invasion of local fordgparks at this site b&cer platanoides
street trees.
2) It is recommended that other exotic street trieefydingMorus albaandRobinia
pseudoacaciaalso not be removed from the street, but alsméeaged under the same
management plan as the other street trees.
3) It is recommended thatcer platanoidesiot be planted in the future to replace those
street trees which have died. This is for the redBat as the cohort of plant@der
platanoidesare reaching maturity, the source of seeds isigigpand less future
plantings of this species will minimize the riskfafure invasion. This is based on the
ecological literature which shows this potentialifovasion, and the fact thAter
platanoidesseedlings, saplings and trees are still founténforest, likely emanating
originally from street tree plantings (Wangen andbater, 2006). Note however, that
because the other exotic street trees found ostteet were not also found in the forest,
this study can not make any conclusions about¢bkgical impact of those species of
trees specifically on nearby forested areas. Thaligbe trees were not found in the

forest, indicating that they are not invading, tesre also planted on the street in much
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smaller numbers, which means they may have not @eleno produce the seed drop
necessary for establishment in the nearby foresivaver, this study is in no way
condoning the planting of any exotic species orstheet, as they have the potential to be
ecologically damaging and are not as preferrecesiney have a higher potential to be
invasive than do native species (Duncan, 2005).

4) It is recommended that hardy native trees be pthas a replacement for dead exotic
street trees. This could include native speciel as@melanchier canadensis
(serviceberry)Acer rubrum, Acer saccharyr@eltis occidentaligcommon hackberry),
Gleditisia triacanthoghoneylocust)Quercus albgwhite oak),Sorbus americanand

Tilia americana(City of Waterloo, 2004). These species are recentad as street trees
by the City of Waterloo (2004). Choice of thesecspgis also justified by the current
population ofAmelanchier canadensis, Sorbus americana, FraxamisricanaandTilia
americanathat are thriving and exhibiting good to excelleanditions on the residential
streets surrounding Breithaupt Park.

5) It is recommended that a diversity of trees bateld on the streets. Though not
necessarily directly supported by the results ©f $kudy, a diversity of species will
protect against disease and insects that tend $pdxmes-specific. An urban forest
exhibiting biodiversity is therefore necessarydarontinuing healthy population and
survival (Kenney and Rusak, 2005; SER, 2004).

6) It is recommended that native trees (specificadlg-Acer platanoidesbe planted on
streets where there are currently no street tfemsthis specific research area, this would
include planting of trees on Arlene Place, Marganetnue, Bluevale Avenue and other
crescents which do not have trees planted in tagsgrcentres of the crescent.

7) It is recommended that monitoring of all streeéseand especially young saplings
recently planted as street trees, take place beenéxt few decades. Long-term
monitoring of recently planted trees will providata on the health and condition of these
trees over their lifetime, and their ability to gure in urban areas. While these young
trees were shown to be in good to excellent camdlita this study, knowledge of their
long-term survival and condition will be usefuldetermining future street trees to be

planted.

74



8) It is recommended that further education of homesaw, especially those whose
houses back onto natural grassed and forested acEas. Suggestions for homeowners
to protect forested areas in their residential meogirhoods include:
a) sweeping up falleAcer platanoidesamaras from their driveways and lawns
and bagging them
b) refraining from dumping any sort of vegetatiefuse (dead or alive) in the
forest
c) refraining from planting invasive species (eftgpundcover or shrubs or
trees) in their front yards or backyards
d) removing invasive species currently growing loeirt property
e) ensuring that groundcover suchvasca minorandHedera helixdo not
continue to grow beyond their property lines ortunal areas, and ideally
remove them
9) During the course of this study, it was noted thatCity of Kitchener has a leaf dump
site in the fall in the parking lot of the park.dugh no specific study was undertaken
specifically to examine the relationship betweemndhmpsite and the growth of invasive
trees, it is possible that samaras and seeds beudtbwn from the parking lot into the
forest. It is thus recommended that the effechefleaf dump site, if any, be examined,
and that in the meantime, the leaf dump site beatd®@ somewhere less likely to
influence naturally forested areas such as theébgebhut slightly removed, Breithaupt
Community Centre.
10) It is recommended that alcer platanoidesn the forest, including seedlings,
saplings and trees be removed. This will preventeciiAcer platanoideseed sources
from propagating further within the forest. Thigwoes with the caveat that the forest
must be monitored carefully aftAcer platanoidesemoval to ensure that this does not
encourage or allow subsequent invasion by othariepecapitalizing on the newly
created gaps. Thus, it is further suggested tiatésommendation be executed in
conjunction with the implementation of Recommenuat12.
11) It is recommended that expansion of other invaspecies’ ranges be monitored
within the park. Ideally, it is recommended themewdd be removal of these other

invasive species in the forest, includiRbamnus catharticasmaller species such as
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Elaeagnus angustifoliaand groundcover such Biedera helixVinca minorandAlliaria
petiolata. Though not quantitatively measured within the entristudy (with the
exception oRhamnus cathartidavisual inspection revealed that these species ar
notably expanding their ranges within the forestede species have also been found to
be highly invasive in other forested parks in SeathOntario (GRCA, 2004a; Waldron,
2003). However, this is a recommendation that ralsst be executed in conjunction with
the implementation of Recommendation #12.

12) It is recommended that ecological restoratiorhd site occur. This could entail
removal of all invasive species, planting of nathpecies, and management of the current
naturalization areas. One excellent suggestionefstioration by Jacques Brisson (CBC
News Online, 2006) was to plant young seedlingssamiings, such akcer saccharum
andFagus grandifoliain the forest. This will ensure that these speosnain an
important part of the urban forest in the futurewver, restoration efforts must
consider the ultimate goals of the restorationgmb({to restore structural features or
processes), the physical size of the project, thergial impacts of the project and how
the objectives or the outcomes of the project lgllmaintained over the long-term
(George and Zack, 2001; Hobbs and Harris, 2001ukdinen et al., 2002).

6.5. Suggestions for Future Research

There is a great deal of future research to bdwtted concerning urban forest ecology
and especially the ecology of the invasheer platanoidesA major area of research which has
thus far been only modestly studied concerns ttezantion between the exotic specteer
platanoidesandRhamnus catharticddeally, it would be recommended to remove albgive
exotic species such &hamnus catharticandAcer platanoidesrom this field site. However,
the ecological interactions betwegner platanoidesndRhamnus catharticare unknown.
Thus,Rhamnus catharticaould potentially be currently acting as a barteewind dispersal of
Acer platanoidesamaras into the forest, decreasing the abilidyasfr platanoideso infiltrate
the forest edgeRhamnus catharticalso uses aggressive methods such as chemidaitioiniof
growth and dense shading, both of which inhibitigroor prevent establishment Ater
platanoidesseedlings or saplings nearby (Martin, 1999; Munge3; Sanford et al., 2003).
Further research should be conducted to fully istdad the interactions of these species, as
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Rhamnus catharticaeeds or seedlings may be currently outcompétagy platanoideseeds or
seedlings that have managed to establish themsalBrsithaupt Park and/or preventing initial

establishment oRhamnus cathartica

It is also suggested that manipulative experimbatperformed at either this field site or
others to determine the effect of removing all Biva species without restoration work.
Removal of invasive species with no further workeldo protect the forest could potentially
expose the site to invasive species or could rehevntegral ecological integrity of the park. It
would also be an interesting experiment to remdivef éhe invasive exotic species, especially
Rhamnus catharticaglong the edges and plant a native species piate to act as a wind
dispersal barrier around the park. This would {ide® more effective in protecting the park from
wind-dispersed species suchfagr platanoidesnd less effective with bird-dispersed species

such afRhamnus cathartica

Another suggestion for further research is to exantihe interaction between invasive
groundcover or tree species and the trails througthe park. These trails could potentially act
as a conduit for invasive groundcover or tree ggeoiovement (Wangen and Webster, 2006).
Breithaupt Park currently has an extensive trateay with a length of almost 7.6km
transversing the forest. In the current study, tasbeen collected on the groundcover
composition of each plot and the densityAckr platanoidesnd the distance between the plot
and the closest trail. This data could be furtmadyzed to determine if a relationship between

invasive groundcover such Afliaria petiolata or Acer platanoidesnd trails does indeed exist.

While in the current study it has been concluded Alcer platanoideshould no longer
be planted in urban areas as street trees, andtdbfinot be planted directly in urban forested
parks, the implications of climate change mustdresaered in future urban forest management
plans. The climate in the Region of Waterloo idmted to become warmer, drier and stormier
which will affect whether trees currently in theptimal conditions for growth will continue to
remain so in the future (Barrow and Lee, 2000).&@mple, a study performed by Environment
Canada’s Adaptation and Impacts Research Divisidroronto concluded that by 2100 “the

range forAcer saccharuntrees will shift northward by up to two degreestlale” and that
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eventuallyAcer saccharumwill mostly be extirpated from (almost all of)éHJnited States,
although, they will likely remain in the Great Lakeegion” (Smith, 2006, p. F4). Though this
may seem ominous, the range of &wer saccharumvill still cover that of Southern Ontario

over the next 100 years. This means that thosetdtees planted now will still be within their
healthy spatial range by the time they reach migtand likely still will be in their optimal range
by the time they die. However, the effects of clienehange, both short term and long term are
unknown for many other species. A suggestion fah&r research would be to model the effects
of climate change specifically in the Waterloo Regon the optimal range of many of the city

of Kitchener’s street trees and determine thericonditions and chances of survival.

Two final suggestions for future research woulddeeplicate this field work at other
urban forests within the Kitchener-Waterloo ared mnutilize the current and future collected
data in models. Using the same methodology to attrettuinventory of a forest at other study
sites would be advantageous. This could establisttiver the results of the current study are
unique to this particular site, or confirm thatstis indeed a pattern that can be applied to other
urban forests within the same ecozone. Currenf@nde data can also be utilized in computer
models such aSityGreen The purpose of programs suchGityGreenis to determine urban
ecosystem values, using GIS programs sudire@giewandArcinfo to analyze the data. The
benefit of this program is that it can calculate thonetary value of a given urban forest canopy,
which is a much more practical and tangible waypf@icymakers in local governments to view
their local urban forests (Moll, 1995).
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